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Publication History

Change Log and Release Notes

The OmniPlex® User Guide is periodically updated and reissued, typically
following a new software release. You can see a summary of changes that have
been implemented in the software by accessing the Change L og for this product

on the Plexon® website, www.plexon.com.

For additional details about a specific release, see the OmniPlex Release Notes
document, which the software installer places on the hard drive during
installation.

Note:  The March 2018 version of this user guide reflected the new software naming
convention. Release 16 was the same as Version 1.16.

OmniPlex User Guide Publication History:
* May 2021 — Software Releases 19 and 20

» July 2019 — Software Release 18

*  October 2018 — Software Release 17

* March 2018 — Software Release 16 (Version 1.16)
» January 2017 — Software Version 1.15

* March 2016 — Software Versions 1.12-1.14

* April 2014 — Software Versions 1.9-1.11

* April 2013 — Software Versions 1.0-1.8
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1 Overview and System Components

1.1 Overview

The Plexon® OmniPlex® Neural Data Acquisition System

(OmniPlex System) is a modular, high-performance system for the
acquisition, timestamping, recording, and visualization of neural signals,
associated non-neural signals, and hardware digital events.

With the appropriate front-end data acquisition subsystem, the OmniPlex System
can be configured to operate with either analog or digital headstages. Each of the
front-end subsystems delivers continuously-digitized wideband data to the
OmniPlex chassis. The subsystem descriptions are as follows:

* DigiAmp™ subsystem—This data acquisition subsystem is for use with
Plexon analog headstages. It supports low-noise, wideband signal acquisition
at a sampling rate of 40 kHz per channel. The electrically isolated DigiAmp
Digitizing Amplifier is available in two sizes: the MiniDigi™ Amplifier for
16, 32, 48 and 64 channels, and the DigiAmp Amplifier for 64, 128, 192 and
256 channels.

» Digital Headstage Processor (DHP) subsystem—This data acquisition
subsystem is for use with Plexon digital headstages. It enables up to 512
channels of neural recording, decreased sensitivity to ambient electrical
noise, and lighter headstage cables with fewer wires for greater freedom of
animal movement. It provides real-time upsampling to 40kHz and adjustment
of multiplexer timing offsets (equivalent to simultaneous sampling) for
improved sorting quality, trodal acquisition and software referencing.

The OmniPlex System processes the incoming data with a set of software
modules which support flexible, user-configurable separation of spikes and field
potentials, spike detection and alignment, and state-of-the-art spike sorting
algorithms. Regardless of which data acquisition subsystem is being used, many
of the OmniPlex features are the same.

Visualization of signals, spikes, and events, along with control of all processing
and recording parameters, is provided by PlexControl, a customizable software
application which is the main user interface to the OmniPlex System.
Experimental data acquired by the OmniPlex System can also be sent in real time

to MATLAB®, NeuroExplorer®, C/C++and PythonTM client programs and across
a TCP/IP or UDP network to remote clients.

Note:  This user guide is not intended to cover the features of the earlier analog
version of the OmniPlex System, which includes an analog amplifier. However,
some features of the analog and digital systems are similar. See Section 1.2.4,
“Digital OmniPlex System versus Analog OmniPlex System” on page 7 for
additional details.
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1.2 Components

1.2.1 OmniPlex System Components

The OmniPlex System consists of the following hardware and software
components:

* A rack-mountable OmniPlex chassis containing digital input, analog input,
link, and timing / synchronization cards, plus one or more BNC breakout
panels. There are two versions of the chassis, as shown below.

Basic OmniPlex chassis—operates with all software releases

* A Plexon supplied custom-configured and performance-optimized

Windows® 10 PC, which runs the OmniPlex System acquisition and control
software and has a high-speed link to the OmniPlex chassis.

Note:  OmniPlex Systems are supported only with PCs that have been provided and
configured by Plexon.

If you are installing additional programs on your PC, please note the following
information: The PCs currently being provided by Plexon for OmniPlex
Systems run the Windows 10 64-bit operating system.

The OmniPlex software runs only on Windows 7 and Windows 10 systems.
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1 Overview and System Components

If you have an older OmniPlex System which is still installed on a Windows XP
computer, please migrate the system to a Windows 10 PC. It is also
recommended that you consider migrating any OmniPlex System PC from
Windows 7 to Windows 10. Plexon Support (+1 214-369-4957 or
support@plexon.com) can answer questions about how to move your
system from Windows 7 or Windows XP to Windows 10.

* The OmniPlex System acquisition and control software, consisting of
OmniPlex Server, PlexControl, PlexNet, and a software development kit

(SDK) which allows online interfacing to MATLAB, C/C++ and PythonTM
programs. The latest software and SDKs can be downloaded from the Plexon
website.

Note:

The SDKs support the OmniPlex Native Client API, a set of functions for
reading online spike, continuous, and event data, with full support for OmniPlex
sources. This APl is present in Release 18 and later. Each of the SDKs
contains a set of sample client programs that illustrate how to use various
capabilities of the Native Client API, plus documentation of Native Client API
function parameters and usage.

For the C/C++ online SDK, the Native Client APl is in the file
CandC++ClientDevelopmentKit.zip.

For the MATLAB online SDK, the Native Client APl is in
MatlabClientDevelopKit-mexw.zip.

For the Python online SDK, the Native Client APl is in
PythonClientDevelopmentKit.zip.

Earlier (legacy) versions of the AP| were originally designed for use with Plexon
MAP (“Harvey Box”) systems. Clients written using the legacy API may still be
used with all versions of the OmniPlex System. However, the Native Client API
is recommended for all new OmniPlex client development, because it has full
support for OmniPlex sources, which makes development more straightforward
than using the legacy APls.

* A front-end data acquisition subsystem—Either a Plexon DigiAmp
subsystem or Plexon DHP subsystem. See Section 1.2.2, “DigiAmp
Subsystem Components™ on page 5 or Section 1.2.3, “DHP Subsystem
Components” on page 6 as applicable.

This user guide assumes that your OmniPlex System has been installed,
configured and tested by a Plexon Sales Engineer; if not, please contact Plexon
(+1 214-369-4957 or support@plexon.com) for installation assistance before
attempting to operate the system. Appendix J: Hardware Pinouts, Connections
and LEDs contains information on pinouts and cabling which may be useful
when connecting the OmniPlex System to external devices and systems, such as a
behavioral control system.

It is also assumed that you are familiar with basic concepts of neural
electrophysiology, such as spikes (action potentials) and field potentials.

OmniPlex Neural Data Acquisition System
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1.2.2 DigiAmp Subsystem Components

The DigiAmp subsystem consists of a Plexon DigiAmp™ or MiniDigi™
Digitizing Amplifier, containing 16 to 256 channels of analog preamplification
and signal conditioning, analog-to-digital conversion, and a high-speed
proprietary digital interface to the OmniPlex System chassis. The MiniDigi
subsystem supports 8 and 16 channel analog headstages (HST8 and HST16). The
DigiAmp subsystem supports 8, 16 and 32 channel analog headstages (HST8,
HST16 and HST32).

Note:  The DigiAmp subsystem operates with the basic OmniPlex chassis, but not
with the (newer) OmniPlex eChassis. The eChassis operates with the DHP
subsystem, as described in Section 1.2.3, “DHP Subsystem Components” on
page 6.

DigiAmp Digitizing Amplifier (DigiAmp Amplifier)
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1 Overview and System Components

1.2.3 DHP Subsystem Components

The Digital Headstage Processor (DHP) subsystem consists of a DHP unit which
performs upsampling and time alignment for 16 to 512 channels of digital
headstages. It connects to the OmniPlex chassis through a high-speed proprietary
digital interface. The DHP subsystem supports 8, 16, 32, 64 and 128 channel
digital headstages (HST8D Gen2, HST16D, HST16D Gen2, HST32D, HST64D,
HST64DS, HST64DSH and HST128DS).

The DHP subsystem operates with both the basic OmniPlex chassis and the
(newer) OmniPlex eChassis.

Performance considerations

If you are upgrading an existing DHP subsystem to greater than 256 channels,
certain Windows system settings must be updated for correct operation.

For performance reasons, systems with greater than 256 channels cannot record
to the older PLX file format; recording to Plexon’s newer, high performance PL2
format is required.

For optimal OmniPlex system reliability, especially at high channel counts, it is
important to maintain the performance of the Windows PC on which the
OmniPlex software runs. Typically this involves not running other CPU-intensive
or real-time applications at the same time as the OmniPlex software. However, if
you plan to use 256 or more channels, additional steps may be required to ensure
optimal performance. Please refer to the discussion and procedures in
"Appendix E: Lowest Latency Operation and PC Performance Considerations"
on page A-31.

Please contact Plexon Support (+1 214-369-4957 or support@plexon.com) if you
have any questions about Windows settings or migration from PLX to PL2.
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1.2.4 Digital OmniPlex System versus Analog OmniPlex System

This user guide is for users of the digital OmniPlex System, as opposed to the
earlier, pre-DigiAmp Amplifier version, the analog OmniPlex System. The terms
“digital system” and “analog system” are somewhat misleading, since the main
difference is whether the analog-to-digital (A/D) conversion is done before the
data reaches the OmniPlex chassis (as in the “digital system”) or after the data
reaches the OmniPlex chassis (as in the “analog system”).

Much of the user guide is applicable to both systems; in particular, digital
filtering, thresholding, and spike sorting are identical in both functionality and
user interface. The main difference from an operational point of view is that the
analog system has per-channel analog gain control, and corresponding software
functionality for automatically setting gains, whereas the digital system takes a
more global approach to the gain settings.

OmniPlex Systems are supported only with PCs that have been provided and
configured by Plexon. If you are installing additional programs on your PC,
please note the following information: The PCs currently being provided by
Plexon for all OmniPlex Systems (analog or digital) run the Windows 10 64-bit
operating system.

1.3 Getting the Most Out of this User Guide

Step by Step Instructions

The sections containing step by step instructions are designed to get you started
as easily as possible, guiding you through typical OmniPlex System tasks.
Therefore, you will change very few of the default OmniPlex System settings and
options, such as filter cutoffs, sorting methods, etc. Once you are comfortable
with the basics of using the OmniPlex System, you can refer to the Appendices
sections to learn about additional options and features that will allow you to use
the full capabilities of the system and configure it for your particular experiments.
You should work through all the numbered steps in the applicable procedural
sections to acquire a basic proficiency in using the OmniPlex System.

Concepts

Many sections contain background material that you will find useful in
understanding the “why” behind the “how-to” of each section of step by step

instructions. Items marked with TIP ( fs_?'?), and the Appendices, contain shortcuts,
additional techniques and more detailed information, but you don't have to read
them in order to complete the step by step tasks successfully.

Examples—DigiAmp Subsystems

The OmniPlex System that will be used for most of the examples is a 64 channel
MiniDigi system with a 32 channel AuxAl card; your system may differ in the
number of DigiAmp channels (16 to 256) and the headstage connectors on the
DigiAmp Amplifier (16 channels per connector on the MiniDigi Amplifier versus
32 channels per connector on the DigiAmp Amplifier), but for the most part, the
instructions will apply to any DigiAmp subsystem. When the instructions read
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1 Overview and System Components

“DigiAmp Amplifier,” this should be read as either a DigiAmp Amplifier or
MiniDigi Amplifier, as appropriate for your system.

Examples—DHP Subsystems

In many cases, the examples that are based on the DigiAmp subsystem (see
above) are applicable to the DHP subsystem also. When individualized
instructions are provided for the DHP subsystem, the OmniPlex System that will
be used for most of the examples is a 128 channel DHP subsystem with a 32
channel AuxAl card; your system may differ in the number of channels (16 to
512), but for the most part, the instructions will apply to any DHP subsystem.

8 OmniPlex Neural Data Acquisition System



1.4 Understanding Devices and Sources

Auxiliary Anslog ey -

Input
1 Part, 32 Ghs

This section describes the types of signals and data that can be acquired and
derived by the OmniPlex System. These are shown in the topology diagram in the
OmniPlex Server application, which shows the flow of data from hardware
devices into software processing modules (both of which are referred to as
devices in OmniPlex System terminology) and eventually flowing into the Main
Datapool at the bottom of the diagram. (You don't need to start Server to follow
this explanation - this is only background information to give you an overview of
Server's functionality before starting the step-by-step instructions.)

N Channel 1x Gain | [Headstage
Headstage @

1 Fart, 64 Chs 64 Che

Plexen Mini

DigiAmp I,

#4:5PKC'

&4 Chs
b

Spike Separator o FF Separator
{Software) (Software)

[Emzens | 0]

R A (S LT

o ..

In the topology diagram, the colors of the rectangles are based on the types of
data flowing into and out of the OmniPlex System:

* The green rectangles correspond to devices that output analog signals (for
example, electrodes and headstages)

» Light blue rectangles correspond to devices that output continuously digitized
sample data (for example, a DHP unit or DigiAmp Amplifier, digital filters
and analog input card)
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1 Overview and System Components

Note:

* Red rectangles correspond to devices that output digital event data (for

example, digital input card, Plexon® CinePlex® System interface and
keyboard event detector)

For information about the interface between the OmniPlex and CinePlex Systems, see
the CinePlex User Guide, which is available on the Plexon website.

» The remaining rectangles correspond to devices that have unique functions
(for example, thresholding device for spike detection and sorting device for
spike sorting)

Each device in the topology (the larger rectangular boxes) has associated with it
one or more SouUrces (the smaller square boxes to the right of each device), where
a source isdefined as a contiguous range of channels output by a hardware
or software device. The topology diagram provides an excellent high-level view
of what processing is applied in what order, and what source types are associated
with which devices.

The Main Datapool can be thought of as a continuously updated buffer area
which is the destination of all the input and processing chains, and from which
the acquired and processed data, of all different types, is made available to
PlexControl, MATLAB, C/C++ client programs, PlexNet, and NeuroExplorer.

The list of predefined source types that will be found in a standard OmniPlex
System includes:

»  WB: Continuously digitized wideband neural data from a DHP unit or an A/D
device, such as a DigiAmp Amplifier.

* SPKC: The result of highpass filtering and optional lowpass filtering a WB
source, i.e. the “spike-filtered” continuous signal.

» SPK: Extracted spike waveforms, the result of performing spike detection on
a SPKC source.

» FP: The result of lowpass filtering and optional highpass filtering a WB
source, i.e. the field potentials.

* EVT: Individual digital events, e.g. discrete single-bit events or strobed multi-
bit data words.

* AL Continuously digitized non-neural data, typically at a low sampling rate
(e.g. 1 kHz), e.g. eye position, etc.

+ KBD: Similar to single-bit digital events, but generated by pressing Alt-1
through Alt-8 on the keyboard, for manually marking events during an
experiment.

* CPX: Data that is generated by a CinePlex System and sent to the OmniPlex
System to be included in recordings.

* Optionally, there may be an AIF source: The result of filtering an Al source.

10
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There can actually be more than one source of a given type in a topology (for
example, WB channels 1-48 could be one source, and WB channels 49-64 a
second source), but in most systems this will not be the case, and you can assume
for the purposes of this user guide that when we say, for example, “the SPKC
source,” this means a single source, the one that consists of all the channels of
data that are output by the Spike Separator device in the topology. In this context,
asourceissimply all the channels of data produced by a hardware or
softwar e device.

The list below provides a more detailed explanation of the flow of data through
the devices in the topology. It traces one of the data channels (channel 1) in a
typical system, as shown on the overall topology diagram on page 9:

* Example—OmniPlex System with a DigiAmp subsystem:
Input channel 1 of the DigiAmp Amplifier receives an analog signal from a
headstage connected to an electrode. The DigiAmp Amplifier outputs
continuously digitized data for this channel at a 40 kHz sample rate on
channel WB001. The WBO0O01 data is sent in parallel to three destinations: the
Spike Separator and FP Separator devices and the Main Datapool:

Siﬂﬂ'ﬂﬁﬂﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁ

. Generic N-channel j (
Electrodes

64 Parts 64Grs || sacrs | 0L

64

NChannEI'IxGaineraadstagew- E T
Headstage 2)
tratsachs || seoms |00

zooint e 1

4 Parz, 84 Chs

Spike Separator \||/#4: = o o
I FF Separator
[Software) J L &4 Che J T

[Softwars) J L &4 Chs J
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1 Overview and System Components

Example—OmniPlex System with a DHP subsystem:

Input channel 1 of the DHP unit (labeled Digital HST Processor in the
topology view, below) receives data from a Plexon digital headstage
connected to an electrode. The DHP unit outputs continuously digitized data
for this channel at an effective 40 kHz sampling rate on channel WB0O1. The
WBO001 data is sent in parallel to three destinations: the Spike Separator and
FP Separator devices and the Main Datapool:

Siﬂﬂ'ﬂﬂﬂﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁ

. Generic N-channel \| r
Elecrodes

64 parts 64rs | | Gacms |1

64

N Channel 1xGain\||/HEadstagE1- EE
Headstage 2)
trat secns || seons |

':::::::::::::::::::Eiﬂ:::::::::::::::::
BRORE - .- 7. [RREOOERROR
ol i

Spike Separator \||/#4: sPkc!' S 0 T T T
Ll | e sepeer
[Soffwsre) JL &4 Che J P

[(Software) JL &4 Chs J

Note: The DHP unit performs real-time digital signal processing which optimizes the
time-alignment of the data across multiple channels.
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The Spike Separator performs highpass filtering and optional lowpass
filtering on its input data, outputting the result on channel SPKCO001; which is
sent, in parallel, to the Main Datapool and to the thresholding device:

Spike Separator \l l/#d-: SPHC

The FP Separator performs lowpass filtering, optional highpass filtering and
downsampling to a 1 kHz sample rate, outputting the result on channel
FPO001, which is sent directly to the Main Datapool:

Release 20
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1 Overview and System Components

» The thresholding device which extracts spikes from the continuous highpass-
filtered data on SPKCO0O01 (using the current thresholding parameters for that
channel), outputting the result on channel SPK001, which is sent to the
sorting device:

» The sorting device fills in the unit numbers for spikes on SPK001 (using the
sorting parameters in effect for that channel) and outputs the result, still on
channel SPKO001, which is sent to the Main Datapool.

For the example in the above list, the same description applies to the remaining
63 neural channels, e.g. WB002 - WB064. That is, the WB source consists of 64
channels, WB001 - WB064, and similarly for the other sources.

Non-neural sources, such as digital input and keyboard sources, send their data
directly to the Main Datapool rather than through a chain of processing devices.

14 OmniPlex Neural Data Acquisition System



Later, you will see that the multi-window, tabbed user interface in PlexControl
has windows or tabs within windows that display each of the sources. Here's a
preview:

Fle View Dupley Configunn Dsta Wisdew Run  Help
2 !.E..h.ﬂ s DIEE B ooy el s ) Sow ariad - A0
LB LAE SFE .3 i =ax

80X L 5K Chenell

TIP

? Become familiar with OmniPlex System sources
ﬂ’ N If all this discussion about topologies, devices, and sources seems
2 5) LR s ) .
= intimidating, all that you really need to remember is the above list of

sources, especially the first five or six. These will quickly become
familiar as you learn to use the OmniPlex System.
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2 Startup (with DigiAmp Subsystem)

2.1 Connections and Power-up

How to use Chapter 2 and Chapter 3

This chapter—Chapter 2, Startup (with DigiAmp Subsystem)—applies to
OmniPlex® Systems that use the DigiAmp subsystem (including the DigiAmp™
Digitizing Amplifier or MiniDigiTM Digitizing Amplifier) for data acquisition. In
this document, these are referred to as the “DigiAmp Amplifier” and “MiniDigi
Amplifier.”

Note: If you have a DHP subsystem, use Chapter 3, Startup (with DHP Subsystem)
instead.

DigiAmp subsystem connections and power-up procedures

If you already have a running system with all the cables connected and a
headstage tester unit (HTU) connected to the audio output of the PC, you can skip
this section and go directly to the section Section 2.2, “Starting and Configuring
the OmniPlex Server” on page 28.

Initial settings

1 If the PC is on, close all programs and shut it down (close Windows® and fully
power down - not just Sleep or Hibernate).

2 If the power switch on the OmniPlex chassis is in the “on” position (—), switch
it to the “off” position ( O ) now by pushing the rocker switch on the rear panel
of the chassis (see the image, below).

3 Plug in the power cable to the chassis. Leave the rocker switch in the “off”
position.

Push this side in (O )
to turn power off.

AC 100-240V
50/60 Hz
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Connecting the cables to the COMPUTER LINK and AMP LINK cards

4 Connect the black signal cable from the COMPUTER LINK card in the
chassis to the connector on the back of the PC.

Release 20
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2 Startup (with DigiAmp Subsystem)

5 Connect the blue link cable is connected from the AMP LINK card in the
chassis to the connector on the DigiAmp Amplifier. The red markings on the
cable connectors should line up before inserting the cable. (See the images
below.)

If you ever need to disconnect the blue link cable from the MiniDigi Ampilifier,
DigiAmp Amplifier or the AMP LINK card in the chassis, unplug the connector
by grasping the connector (shown inside the red rectangle in the images
above) and pulling straight out. Warning: Do not pull on the blue cable
itself, and do not twist the connector. Never bend or kink the blue

cable.

CAUTION
& Once Server is running, do not plug/unplug the blue cable

Never plug/unplug the blue cable if the Server application is running.
Doing so could damage the circuitry.

20 OmniPlex Neural Data Acquisition System



Connecting to the Headstage Tester Unit

The next few steps will connect the headstages and audio cable to the Headstage
Tester Unit (HTU). The general connection scheme is shown in the following
diagram.

Digitizing Amplifier

Headstage

/ Headstae
cable

Computer

6 Obtain the headstages and headstage cables that you are going to test. If not
already done, connect each headstage to a headstage cable.

7  Connect the headstage input connector to the connector on the HTU. (Repeat
if you have multiple headstages and HTUs.)

Headstage input connected to HTU
(There are several models of the HTU. This is an example.):
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2 Startup (with DigiAmp Subsystem)

8  Connect the other end of the headstage cable to the connector on the
DigiAmp or MiniDigi Amplifier. See the step applicable to the type of amplifier
unit you have (below). (Repeat this step as needed if you have multiple
headstages and headstage cables.)

If you have a DigiAmp Amplifier:

8a Plug in the connector adaptor to the DigiAmp input connectors.
Then connect one or more headstage cables to the connector
adaptor. Begin on the left side with Channels 1-16 and 17-32, as
shown below.

Headstage connectors connected to a DigiAmp Amplifier
through the connector adaptor—Note the brown wire is for
Ch 1-16 and 33-48, and the red wire is for Ch 17-32 and 49-64

Connector adaptor

Headstage cable
connectors

Inclated b
Sig Com Earth 4 Ground” .«

Channel 1 ;

32-1 L/
-"&-_

Chonsels 17-32 Chonnely -4 Chonnals 45-84
 p— P2, 5 . - ey o g .
 BTLOTHNTNE A OTRES ateteETin
- - . = - C—

;T' a

Close-up of
connector adaptor
and headstage cable
connectors
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If you have a MiniDigi Amplifier:

8b Connect one or more headstage cables to the connector adaptor.
Begin at the top with Channels 1-16 and 17-32, as shown below.

Headstage connectors connected to a MiniDigi Amplifier
Note that the brown wire is for Ch 1-16 and 33-48,
and the red wire is for Ch 17-32 and 49-64

/

9 Verify that the REF jumper(s) on the HTU are positioned on GND.
Verify that the left/right jumper is positioned on LEFT.

(There are several models of the HTU. This is an example.
Your HTU might have one REF header or multiple headers)

DIVIDE BY
. 1,000

e
[ & ___' _.J--‘

ll‘-'v

LEF . GHT &5
EFLENXEN® ¢ )
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2 Startup (with DigiAmp Subsystem)

10

11

(This step is applicable to some OmniPlex Systems, and depends upon the
audio capabilities of the specific PC that was included in your system.) All
OmniPlex components, including the high speed PC, are fully integrated and
tested prior to shipment. PC models change from time to time as computer
technology improves. Most PC models have good quality audio ports, but
some do not. If the audio port on a PC model is not sufficiently high quality, or

if it is noisy, Plexon® includes a USB audio interface that will provide higher
quality audio for OmniPlex testing purposes.

If you have a USB audio interface, plug the interface into any USB port on the
PC.

Note: A test audio file will be played in the procedure in Section 2.4,
“Starting Data Acquisition” on page 40.

Connect a 1/8” stereo audio cable from the USB audio interface output jack
(or from the 1/8” line output jack on the front or back of the PC) to the 1/8”
input jack on the HTU.

24
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Power up

12 Turn the chassis power on. You should see the two green POWER LEDs light
up at the left end of the front panel.

13 Start the PC and allow Windows to boot up normally. You should see the
green LINK LED light up on the COMPUTER LINK card.

Note: If the LINK LED does not come on, it is possible that the black link
cable to the PC is not connected properly. In this case, verify that both
ends of the cable are properly connected, then repeat the procedure

starting from Step 1.

N = CcomPUTER | Timi
INK CONT
4
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2 Startup (with DigiAmp Subsystem)

14 Turn the HST PWR switch on (up).

DigiAmp Amplifier:

ON
. HST PWR

Lnannel

DigiAmp Amplifier
HST PWR ON

MiniDigi Amplifier
HST PWR ON
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15 Do not play any audio on the PC yet, but open the Windows volume control or
audio mixer and make sure that Line Out and Headphone out (some PCs will
only have one or the other output option) are enabled (not muted), and set the

volume to maximum.

Note: A test audio file will be played in the procedure in Section 2.4,

“Starting Data Acquisition” on page 40.

If you are connecting a Plexon CinePIex® System
to your OmniPlex System

=

D)

Mier

N

For information about the interface between these two systems, see the CinePlex

User Guide, which is available on the Plexon website.
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2 Startup (with DigiAmp Subsystem)

2.2 Starting and Configuring the OmniPlex Server

The OmniPlex Server is the first of the two primary software components of the
OmniPlex System. Server is the “engine” which receives data from hardware
devices, sends commands to the hardware devices, and contains the topology
(network) of software modules which perform filtering, thresholding, sorting, and
other signal processing functions. Once Server has been configured for your
hardware (which may have already been done by a Plexon Sales Engineer), you
will probably find that you spend relatively little time interacting with it, since the
main user interface to the OmniPlex System is provided by PlexControl, which is
described in Section 2.3, “Starting PlexControl” on page 38.

Launching Server and setting the topology

TIP

Press Ctrl key to prevent auto-loading of pxs file

If you ever need to prevent the auto-loading of the last-used pxs file,
for example, for troubleshooting, you can hold down the Ctrl key
before double-clicking on the Server desktop shortcut; in this case,
you will be “starting from scratch” and will need to either load some

other pxs file, or use the Topology Wizard to create a new one, as
described in the steps below.

1 From the Windows desktop, double-click the OmniPlex Server shortcut:

P

ld =

Server

CAUTION
Once Server is running, do not plug/unplug the blue cable

Never plug/unplug the blue cable if the Server application is running.
Doing so could damage the circuitry.

2 If a system topology (configuration) diagram similar to the one below is
displayed, wait for the green progress bar at the bottom of the Server window
to finish. This diagram represents the topology that is currently saved in the
system from a previous run. If the topology is already set up the way you
want, you may proceed directly to Section 2.3, “Starting PlexControl” on
page 38.

If you do not see a topology diagram, or you want to modify it, perform Step 3
through Step 17 to create a new topology for the system.

Note: When you upgrade to a new OmniPlex System software version, or if
you add or replace any of the hardware in your system, you should
create a new topology (a new .pxs file) to ensure compatibility.
Perform Step 3 through Step 17.

28

OmniPlex Neural Data Acquisition System



< [(Geneneticnamnel | (g g
ectrodes &

N Channel 1x Gain
Headstage

1 Far, 64 Che GE R A AN Bl BB B B S A A A o

(513,32 Chs

. [#a,327ChsY,

Note: Data acquisition must be stopped to load or create a topology. See
Section 2.8, “Stopping Data Acquisition” on page 60.

3 You can use Server's Topology Wizard to specify the topology of your
OmniPlex System. To do so, click on the Topology Wizard button in the

toolbar:

EP] CmniPlex Server - opxDm-G1-6dwb-32ai.pxs

: File View Configure Data Window Run  Help
D e 2 Bine s s

: Design

NIRRT (-
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2 Startup (with DigiAmp Subsystem)

The Topology Wizard dialog is displayed:

Topology Wizard @
Trodality Channel Counts
@) Single-electrod
Sl a4 Main neural A/D chans
(") Stereotrode
] o4 Single electrode
() Tetrode
0 Stereotrode
1]
A/D Device DigiAmp HST Gain ' Seiis
- 0 =
©) ADG4 @61 [ Pass-through
(©) DigiAmp 0 G20
(@) MiniDigiAmp
() TestADC Mumber of DI cards
{©) DHP

[32 ch, 5kHzmax | AuxAl

Additional Device Clients
[JGlobal filters AuxAl filters
CinePlex interface [ Filtered AT only

[Juser data / comments interface

File name: Autogen

OK ] l Canicel ]

4 Select the type of electrode in your experiment. You can choose only one type
for each topology. (The examples below assume Single-electrode is
selected.)

Trodality

@ Single-electrode
(") Stereotrode

() Tetrode
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5 In the A/D Device section, click on either the DigiAmp button (if you have a
“big” DigiAmp Amplifier) or the MiniDigiAmp button (if you have a MiniDigi
Amplifier).

A/D Device

[7) ADE4

@) DigiAmp ~<f——
() MiniDigiAmp

() TestADC

(©) DHP

A/D Device
) ADB4

() Digismp
@ MiniDigismp ~———

(7 TestADC

() DHP

6 In the Channel Counts section, enter the total number of actual channels in
your DigiAmp Amplifier in Main neural A/D chans. A MiniDigi Amplifier has
from 16 to 64 channels, with 16 channels per board; a “big” DigiAmp Amplifier
has 64 to 256 channels, with 64 channels per board. If you are unsure of the
number of channels, contact Plexon for assistance. When you enter a
channel count in Main neural A/D chans, the corresponding number is
automatically entered in the Single electrode field.

If you are using a MiniDigi Amplifier, enter 16, 32, 48 or 64 for Main neural
A/D chans.

If you are using a DigiAmp Amplifier, enter 64, 128, 192 or 256 for Main
neural A/D chans.

Channel Counts

o4 Main neural A/D chans

64 Single electrode

0 Stereotrode
0 Tetrode
0 Pass-through

Note: You can define fewer channels than are physically present in your
system. This can be useful if you will be running experiments using a
limited number of channels. For example, if you have a system
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2 Startup (with DigiAmp Subsystem)

physically capable of 192 channels, but only plan to use 128 of those
channels, you can enter 128 for Main neural A/D chans and the
system will ignore (and not attempt to display) the unused 64
channels.

You can also disable individual channels in the Properties
Spreadsheet.

It is important to understand how the system handles the number of
channels that you enable/disable. For a complete explanation of
these options, see Appendix F: Disabling Unused Boards to Reduce
Channel Counts.

AuxAIl configuration

Perform Step 7 through Step 9 if you have an Auxiliary Analog Input (AuxAl)
card in your chassis and want to use the channels associated with the AuxAl
subsystem. Otherwise, skip to Step 10.

Note: The AuxAl hardware is shown in the photo in Section 12.2, “5 kHz, 10
kHz and 20 kHz Maximum Sampling Rates” on page 366.

7 There are several types of AuxAl cards.

* The standard AuxAl module, suitable for sampling rates up to 10 kHz
maximum, is the 16 channel PXI-6341. (Some systems use the 5 kHz
32 channel PXI-6224.)

»  The “fast” AuxAl module, suitable for sampling rates up to 250 kHz
maximum, is PXI-6259.

If you already know which card is installed, proceed to Step 8. If you are
unsure whether you have a standard or “fast” card, you can determine this by
the following method:

7a Left click the Start icon and navigate to the Device Manager.

!; ! 53 » Control Panel » All Control Panel Items »

File Edit View Tools Help

Adjust your computer's settings

¥ Action Center ] Administrative Tools

¥ Color Management Credential Manager |
@ Desktop Gadgets —P & Device Manager f
@ Ease of Access Center Flash| Device Manager

| Getting Started & Hom View and update your hardware's !

settings and driver software,

| £ Java (32-bit) &2 Keyboard
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7b In Device Manager, view the display to determine which module is
installed in your PC:

I-;-_5'_ Device Manager

File Action View Help

&= | T HEl &

4 &4 PC
- M Computer Expand
‘w Data Acquisition Devices <afq——— Data Acquisiion Devices
o LW P65 -

> = Disk drives

‘,-, Display adapters

> 4} DVD/CD-ROM drives

E‘:?I. Hurnan Interface Devices

-G Keyboards

b --B Mice and other pointing devices
» I Monitors

» ¥ Network adapters

8 In the Topology Wizard, select the desired combination of channels and max
sampling rate from the AuxAl dropdown list.

16 ch, 10kHz max | AuxAl Select the 5 kHz option if you have
N the PXI-6224 module
ane
32 ch, 5 kHz max < You can select 20 kHz or
32 ch, 20 kHz max 250 kHz if you have the

Select the 10 kHz option if you have

the PXI-6341 module

9 If you want to enable AuxAl filters, click in the AuxAl filters checkbox. This
will cause the system to acquire both the filtered and unfiltered AuxAl signals.

If you want the system to acquire filtered AuxAl data only, click in the Filtered
Al only checkbox.

Note: The Filtered Al only option cannot be selected by itself.
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2 Startup (with DigiAmp Subsystem)

132 ch, SkHzmax = | AuxAl 132 ch, 5kHzmax + | AuxAl
AuxaAl filters AuxAl filters
[T Filtered AI only Filtered AI only

‘ LK |e||r|1‘3;u{180g #zA ‘ Aux|l|e||r?;ﬁtnalog W 213 Al 1 :

A G JL 32‘3“3J- o | 1pPat 32chs JL 32ChsJ: :

=57

o - o o
{ AuxAl Filter Wram,:»\nr 1: )

(Software) JD 32 Chs J: :

I N\

‘ AuxAl Filter #14: AIF

(Software) JL 32Chs J: N

In the example on the left, we did not check Filtered Al only, so the green
lines (which are pointing towards the main datapool, not shown here) indicate
that both AuxAl and AIF sources will be available in the OmniPlex GUI. In the
example on the right, we checked both AuxAl filters and Filtered Al only, so
only the green line from AIF is present.

For further discussion of AuxAl functions, see Chapter 12, Auxiliary Analog
Input.
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Final topology configuration steps

10 The Global filters option in the Additional Device Clients section relates to
a legacy feature. It is generally not needed and can be left unchecked.
Information about this option is available in Appendix B: Separation of Spikes
and Field Potentials Using Digital Filters on page A-4.

The User data/ comments interface option can be selected if you would like
to have the ability to add comments during recording (see Section 7.3,
“Adding Comments Before and During Recording” on page 217).

Additional Device Clients
[JGlobal filters
CinePlex interface

[Juser data f comments interface

11 Leave all other Topology Wizard settings at their default values. However, for
future reference, note that there is an option which indicates whether you are
using a unity-gain (G1) or gain-of-20 (G20) headstage.

Digi&mp HST Gain

@ 51
G20

For the purposes of the user guide, we will use the G1 option, but in actual
use, make sure that your topology includes the correct headstage gain
setting.

12 Click OK. Wait for Server to generate a new topology diagram and go through
the initialization sequence, as indicated by the green progress bar at the
bottom of the window.

13 Server will display a Save As dialog asking you for the name for your new
topology (a topology is saved in a file with the extension “.pxs”). It will display
an automatically generated and appropriate name, for example,

opxDm-G1-64wb-32ai.pxs
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2 Startup (with DigiAmp Subsystem)

[P] Sawe As

==

Savein: . PlexonData
T Mame
-
e | | opxD-51-256wb-32ai-0001.pxs

Recent PI
SCEMFIACES | opxD-GL-256wbtet-32ai.pxs

|| opxD-G1-256whb-32ai.pxs

L | opxA-64whb-32ai-2.pxs

L | opxA-64whb-strobedDLpxs

L | oprf-Bdwh.pxs

L opxDm-G1-64wb-32ai.pxs

|| opxA-16wbtet.pxs

Ltau-..‘ || opxD-G1-256whtet.pxs

|| opxD-G1-256wb-32ai20kHz. pxs
|| opxD-G1-256wh-32ai5kHz. ps
|| opx-cpx-32ch-31whb-1direct.pxs

Computer

-

¥ mr
Date modified Type

1/14/2012 4:56 PM P¥5File m

12/20/2012 4:31 PM PXSFile
12/20/2012 1:57 PM PXSFile
12/19/2012 7:08 PM PXSFile
12/19/2012 2202 PM  PXSFile
12/19/2012 2202 PM  PXSFile
12/7/2012 6:24 PM - PXSFile
12/5/2012 5:33 PM PXSFile
12/5/2012 435 PM  PXSFile
11/30/2012 2:44 PM PXSFile
11/30/201212:28 ...  PXSFile
11/29/2012 2:29 PM PXS5File =

-

4| 1

| 3

File name: opxDm-G 1-64wb-32ai pxs -

Save as type: [OmniPIex Server Files (*pxs) v] [ Cancel ]

Click Save to accept the default filename, or edit the name if you wish, and
then save the pxs file.

14  Server will display a message box:

OmniPlexServer @

L Please close and restart Server to make the new topology take effect.
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15 Click OK.

16 Close Server.

17

TIP

= B X : Data Acquisition O x
DataPool kb/s PDPsf=  Pool Index
CLlLU Il & | Config 0,000 0.0
.................. Main 00 0.0

Restart Server as described in Step 1, wait for the .pxs file to load and for the
green progress bar to finish.

Server now has auto-loaded a .pxs topology file, either one that was used in a
previous OmniPlex session, or one that you just created in Step 3 through
Step 16 above using the Topology Wizard. In either case, from now on, when
you start Server from the desktop, by default it will automatically load the last-
used pxs file.

;? When to use Topology Wizard

TIP

You should use the Topology Wizard to create a new pxs file when

= the hardware configuration of your system changes (for example,
adding more boards to a DigiAmp or MiniDigi Amplifier or adding a
new card to the chassis), or when you are updating software.

;? Additional device settings—filtering, referencing, latency

If you need to make adjustments to the default headstage settings in
= the DigiAmp Device Settings dialog, such as filter cutoffs,
referencing and latency, see Appendix C: DigiAmp Device
Settings—Filtering, Referencing and Latency on page A-15.
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2 Startup (with DigiAmp Subsystem)

2.3 Starting PlexControl

This section assumes that you have already started Server, as described in the
previous section.

1 Start PlexControl either by double-clicking its desktop shortcut:

T8} OmniPlex Server - opxDm-G1-64wb-32ai.pxs

EEiIE View Configure Data Window | Run | Help

Dl 2Ei B pocontol %J
B PlexUtil

: Offline Sorter

EEEEEEEEEEEEEEEEEEEEEEEE@NeurnEprcurer SEREE

:I-»:'=.5."_:1-J ......

Explorer

.............................. ;UStDI‘T'IIIE...

e

Heacistage -n =4

2 The PlexControl application window is displayed. It should look something like
this:
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If you would prefer to restore the display to the default view, select Create

View Layout for Sources from the View menu.

EE PlexControl - PlexControll

: File | View Display Configure Data Window Run

Help

: | :
P |\ Create View Layout for Sources [\'.,\y='| T H 1208

%- bl Toolbars k e
g Tasks &
g %‘g Sources And Channels
= 8= Source Chain
Properties
Pronerties Snreadsheet
or from the Tasks view at upper-left:
Eg PlexControl - PlexControll
: File View Display Configure Data Window FRun  Help

iDewHd &7 080" QgL hE:0

induj uang i

You can do this at any time to restore the user interface layout to a default

: Tasks L 4

state, without affecting any of the actual parameters for acquisition, sorting,
recording, etc. In other words, it is a purely cosmetic operation.

TIP

Do not perform Create View Layout for Sources
while recording

Due to the amount of system activity involved in recreating all the

views from scratch, especially on systems with high channel counts,

it is recommended that you not perform Create View Layout for
Sour ces while recording data.
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2 Startup (with DigiAmp Subsystem)

2.4 Starting Data Acquisition

This section explains how to start data acquisition.

1 Click Start Data Acquisition, either in the main toolbar:

=E PlexControl - PlexControll

: File View Display Configure Data Window Run Help

DeFHS2oln)y waunlio

gm| © Tasks . # 0O X
m

=

5 System @
E k.. Start Data Acquisition

i Create View Layout for Sources
ﬁ Load the .pxc file that was last used

or in the Tasks view:

=g PlexControl - PlexControll

! File View Display Configure Data Window Run Help

g sgolln amunlio

g=| i Tasks 10Ox
m

=

- System E3
'E .. Start Data Acquisition

LA LTESTETIETT TS out for Sources
ﬁ Load the .pxc file that was last used
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2 After a few seconds you should see signal traces being drawn in the view
labeled “WB - Continuous” in the lower-right part of the window:

]%ﬁ SPK - Waveforms | B4 Clusters | 30 3D Clusters Properties SpreadShest

& X i WB- Continuous

]EWB - Continuous Peak Histogram Snapshot EContinuous Peak Histogram Snapshot EContinuous -]

i

"WB - Continuous” refers to continuously-digitized signals from the WB
source. The vertical colored sweep line shows the current position; once it
reaches the far right end of the window, it “wraps around” to the leftmost
position and overwrites the oldest data in the view. The time labels on the
horizontal axis indicate relative time for this specific view only; later you will
learn how to adjust the horizontal sweep speed and other viewing
parameters.

TIP
Some settings can be changed only when data acquisition
is stopped

Later, you will see that there are some settings which can only be
changed when data acquisition is stopped. For example, you must
stop data acquisition before changing the headstage options.

In addition, the OmniPlex System will not allow you to modify the
spike waveform length or pre-threshold length, or change the sorting
method, while data acquisition is running. In such cases, simply stop
data acquisition, perform the desired operation, then start data
acquisition again. See the instructions on stopping data acquisition,
below. See Section 2.8, “Stopping Data Acquisition” on page 60

Playing a test audio file

3 Before you play a test audio file, you need to ensure that the OmniPlex audio
monitoring feature is disabled. Otherwise the OmniPlex System could
generate an audio feedback signal that would mix with the intended test
signal. Audio monitoring is for live data only.
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2 Startup (with DigiAmp Subsystem)

Note:

If you are operating a new OmniPlex System for the first time, the audio
monitoring feature is already disabled; this is the factory default setting.

To ensure that the audio monitoring is disabled, right-click on the Spike
Separator in Server, and select Edit Device Options. Then, in the Device
Options dialog, ensure PC Audio Monitoring is set to None. If necessary,
set it to None. Then click OK.

Spike Separator

rSDﬂLn'a:E}

Edit Device...

Edit Device Options...

"""" Show Device Characteristics...

Add Mew Source To Device...

Remove Device

Mote: Filter settings will apply to all SPKC
channels. To make per-channel settings, use the
Filter Control Panel in PlexContral,

300 Highpass cutoff freq (Hz)

] Lowpass filter
6000 Lowpass cutoff freq (Hz)
2 Mumber of poles
Bessel Filter type
PC Audio Monitoring
@) Mone

(7) Spike separator output (SPKC)

() Wideband (WB)

[ OK ] [ Cancel

You can enable this feature later when you are working with live data.
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4 Start playback of a test audio file by double-clicking on its desktop shortcut.
(Test audio files are available on the Plexon website under Support |
Software Downloads | Data Samples.)

2

test wav

5 Depending on the signal level from the PC's audio output, some activity may
now be visible on the traces in the WB - Continuous view. The colored
rectangle identifies the currently-selected channel within the wideband
source, by default channel 1; selection of sources and channels within
sources will be described later.

: WE - Continuous

0=

T TRy Py iy g gyt

A A A STy ity

]EWB - Continuous Peak Histogram Snapshot ECDntinuous Peak Histo

If you still see only completely flat traces in the WB Continuous view (as in
Step 2), you may wish to recheck that audio is being played into the HTU.
If you need to troubleshoot, here are a few things you can try.

WARNING
Be aware of safe audio level

Be aware that the sound level at this point in the procedure is at
maximum (from Step 15 on page 27). If you are using a headphone
set or unusually powerful speakers, consider turning down the sound
level temporarily during this audio test.

5a If you are using a USB audio interface—Go to Windows Control
Panel > Sound, and ensure the USB Audio Device is set as the
default device. If the USB Audio Device is not displayed at all,
open Device Manager and ensure the USB Audio Device is
enabled. Also make sure you don’t have the audio muted on the
PC.

If there is still no signal in the WB - Continuous display, you can
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2 Startup (with DigiAmp Subsystem)

verify the audio file is being transmitted by the interface and
through the 1/8” audio cable. To do this, attach the end of the audio
cable to a speaker, or plug a headphone set into the audio outlet of
the interface. Listen for the sound of the audio file.

5b If you are using the PC system audio—Briefly unplugging the audio
cable from the PC's headphone or line out jack should cause the
audio file to be heard from the PC speaker. If not, make sure you
don't have audio muted on the PC.

Some PCs have both front panel and rear panel audio input and
output jacks, and you can use whichever is more convenient.
However, in rare cases, you may find that one output jack provides
a noticeably cleaner audio signal than the other, and using that
output will make working with the test audio file easier.

TIP
? Play the audio file with continuous repeat selected

For convenience, set the audio to repeat continuously while you are
= performing the above step.

5¢ If you have verified that the PC is playing back audio correctly, try
briefly unplugging the audio cable from the HTU, which will usually
cause a brief noise transient to appear in the wideband trace
display. If not, check to make sure all the cables and adaptors are
firmly and evenly seated.

For the DigiAmp Amplifier:

— Audio cable and headstage connected to the HTU

— Headstage cable(s) seated fully on the connector adaptor at
one end, and connected to the headstage(s) at the other end

— Connector adaptor seated into the DigiAmp connectors

For the MiniDigi Amplifier:

— Audio cable and headstage connected to the HTU
— Headstage cable(s) seated fully into the MiniDigi connectors at
one end, and connected to the headstage(s) at the other end

Also verify the HTU jumpers are in the proper positions, as
described in Section 2.1, “Connections and Power-up” on page 18
above.

5d If none of the above steps locate the problem, try using a different
audio cable (1/8” stereo). If you have a USB audio interface, move
it to a different USB port on the PC.
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Note: If the problem persists, contact Plexon support at
+1 214-369-4957 or support@plexon.com.

TIP

Using “zoom” and “magnification” for a better view

Zoom and magnification are two functions that you will find useful for
viewing signals.

For historical reasons, the OmniPlex System term “zoom” is used to
describe the process of double clicking on a particular channel so this
single channel expands to fill an entire view. See Section 4.4.1, “Using
the Zoom Feature” on page 120.

You can also use the “magnification” function, which is the OmniPlex
System term for viewing a display at varying degrees of enlargement or
reduction, for example, 1.5 times or 0.8 times the default height. See

Section 4.4.2, “Changing the Magnification” on page 121.

2.5 Setting the Wideband Gain

The DigiAmp Amplifier provides a choice of three global gain values (50, 250,
and 1000), which are primarily intended for complementing the gain of the
headstage, so that the total analog gain is 1000. For example, if you are using a
unity-gain headstage (G1), then you should start with a DigiAmp gain of 1000; if
you are using a G20 headstage, then you should start with a DigiAmp gain of 50.
The intermediate DigiAmp gain value of 250 is provided for situations where the
gain of 50 is too low when using a G20 headstage, or the gain of 1000 is too high
when using a G1 headstage. However, once you have selected an appropriate gain
value, you should not need to adjust the gain again during an experiment, unless
the signal amplitude increases so much that clipping of the wideband signal
occurs, in which case you should reduce the DigiAmp gain to prevent distortion
of the signal. Note that the gain value applies to all the channels in the DigiAmp
Amplifier. See Appendix A: Signal Amplitudes and Gain for additional
information on gain, clipping, and related issues.

TIP

Use magnification for an enlarged view of signals

To avoid clipping of the signal, it is advisable not to set the gain too
high. If a lower gain setting causes the signals on some channels to
appear small in the displays, you can use the magnification feature to
enlarge the displays as much as necessary. See Section 4.4.2,
“Changing the Magnification” on page 121.

For the purposes of this user guide, the situation is slightly different than it would
be in an actual experiment, since we are using an audio file being played through
the HTU voltage divider as our test signal. What you will do next depends on the
amplitude of the wideband test signal coming from the PC's audio output, as
shown in the WB - Continuous view.
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2 Startup (with DigiAmp Subsystem)

1 First, to get a better look at the signal, double-click in the WB - Continuous
view, inside of the first row, labeled “1” at the left.

: WE - Continuous

0=

T ey gy gy

h

4

]EWB - Continuous Peak Histogram Snapshot E Continuous

This will expand that channel's display so that it occupies the entire WB -
Continuous view; note that the view's title bar now shows “WB Channel 1 -
Continuous” instead of the previous “WB - Continuous”:

! WE Channel 1 - Continuous

]EWB Channel 1 - Continucus Peak Histogram Snapshot E Continuous

If you now double-click on the zoomed-in single channel, it will revert back to
the multi-channel view. Before proceeding, make sure the view is zoomed in

on channel 1 as shown above.
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TIP
? Understanding “zoom” and “magnification”
For historical reasons, the OmniPlex System term for this display
Y, mode, where only a single channel expands to fill an entire view, is
“zoom.” Later, we will describe “magnification,” which is the
OmniPlex System term for viewing a display at varying degrees of
enlargement, for example, 1.5 times larger.

2 View the wideband signal in the WB Channel 1 - Continuous display. If the
wideband signal looks like the image below (that is, if it exceeds the allowable
maximum amplitude in either the positive and/or negative direction), this is

i

]EWB Channel1 - Continuous Peak Histogram Snapshot E Continuous ||

: WB Channel 1 - Cantinuous

i

This situation occurs either when the analog gain is set too high, orin an
artificial situation when using PC audio as a test signal, where the audio
output can produce such a high amplitude signal that the voltage divider built
into the HTU is not enough to reduce it to a reasonable level. You should only
rarely encounter a situation in an actual experiment where using a unity-gain
headstage (G1) with the lowest DigiAmp gain setting of 50 still results in a
clipped wideband signal.
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2 Startup (with DigiAmp Subsystem)

If you see clipping with the test signal as shown above, check to make sure
your gain is set to 50, which is the lowest setting (and the default setting) on
the DigiAmp Amplifier. If the gain is set to 50, go to your PC audio mixer or

Windows volume control and turn down the volume:

»
& Volume Mixer - Headphones (High Definttion Audio Device] l&]
Device Applications
Headphones System Sounds
=
o “

When reducing the test signal level using the PC's volume control, try to set it
to a level such that the largest peaks of the wideband signal occupy about 1/2
to 2/3 the vertical range, as shown in the WB - Continuous view:

: WEB Channel 1 - Continuous

10=

0= bs

AL (LSRR A IR U LA

]EWB Channel1 - Continuous Peak Histogram Snapshot E Continuous

The goal is to prevent the wideband signal from clipping the A/D converters,
that is, exceeding their allowed maximum input range. See Appendix A:
Signal Amplitudes and Gain for more detailed information on this topic.
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Look at the WB - Continuous view (see the image above) to determine
whether clipping is occurring:

»  The maximum positive voltage limit before clipping is the bottom of the
gray row of tick marks just below the time labels. (These tick marks merge
together into a horizontal bar when they are very close to each other.)

* The greatest negative voltage limit is the bottom edge of the view.

(For now, you can ignore the gray row of tick marks, as well as the thin blue
horizontal line in the WB display; these will be explained later.)

If your wideband signal occupies about 1/2 to 2/3 the vertical range, you can
skip Step 3 and Step 4 since they cover the opposite case, where the signal
amplitude is too small.

If the wideband signal looks like the image below (that is, it occupies only a
small fraction of the available amplitude range), it means that the volume level
on your PC needs to be raised:

: WEB Channel 1 - Continuous

]EWB Channel1 - Continuous Peak Histogram Snapshot E Continuous
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2 Startup (with DigiAmp Subsystem)

To raise the volume level on your PC, increase the volume level of the PC's
Line Out or Headphones Out, using the Windows volume control or audio
mixer:

& Volume Mixer - Headphones (High Definition Audio Device) l—th
Device Applications
Headphones System Sounds
—
© %

When increasing the test signal level using the PC's volume control, try to set
it to a level such that the largest peaks of the wideband signal occupy about
1/2 to 2/3 the vertical range, as shown in the WB - Continuous view:

: WEB Channel 1 - Continuous
0= 58 10s

T I

]EWB Channel1 - Continuous Peak Histogram Snapshot E Continuous

The goal is to increase the wideband signal level high enough that it can be
digitized accurately, while at the same preventing it from clipping the A/D
converters, that is, exceeding their allowed maximum input range. See
Appendix A: Signal Amplitudes and Gain for more detailed information on this

topic.
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Note that maximum positive voltage limit before clipping corresponds to the
top edge of the black background area, just below the time labels, while the
greatest negative voltage limit is the bottom edge. The gray row of spike tick
marks, which can merge together into a horizontal bar when the firing rate is
high, can potentially obscure the very tops of signal peaks. If the signal peaks
are obscured, it is possible that the wideband signal is being clipped, and you
should reduce the gain as described below. This row of spike ticks serves as
a “danger zone” into which continuous signals should not cross.

If the wideband signal is now displayed at a suitable amplitude in PlexControl,
you can proceed to Step 5. If you increase the output level from the PC's Line
Out to its maximum, but the wideband signal displayed in PlexControl is still
too low in amplitude, then you will need to increase the DigiAmp gain, as
described in Step 4.

To change the DigiAmp (or miniDigi) gain, which is the analog gain applied to
all channels of the wideband signal before A/D conversion (digitization), first
verify that the Properties view at the left side of the PlexControl window shows
the properties for source WB.

In the image below, the On Device row displays the device in the current

topology, which in this example is a MiniDigi Amplifier (“Plexon Mini

DigiAmp”).

Note: Depending on your topology, the source number might be different
than the source number shown in the image below. Source numbers
can generally be ignored.

: Properties 10x
| - WE (Source #3) |
| On Device Plexen Mini DigiAmp |
Channel Type Analog
Channels 64
Channel Grouping Single
Enabled
Record Enabled <
Sampling Freg. 40000
Gain 50
Waveform Length 200
Pre-Threshold 200
Sort Start a
Sort End 800
Sort Method Template
- Channel 1 on WE (Source #3)
Marme WEBO1
Enabled J
Record Enabled
Thresheld -15.000
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2 Startup (with DigiAmp Subsystem)

The upper section of the Properties view displays the properties that are
common to all the channels in that source, while the lower section displays
per-channel properties. The Properties view is context-dependent—

it displays the properties of the currently selected source, and the currently
selected channel within that source. For example, if you clicked on channel 27
in the multichannel spike window, the Properties view would display the
properties for source SPK, channel 27.

If the properties for the WB source are displayed, skip to Step 6. If some other
source's properties are displayed (i.e. not WB), continue to Step 5.

TIP
Double-click to return to multichannel display

Remember that if a multichannel continuous display (or any
multichannel display) is zoomed, that is, only displaying a single
channel, you can double-click it to return to a multichannel display,
where you can select individual channels by single-clicking within
that channel's rectangle.

Note that there are some properties listed for the WB source that are actually
properties of other sources. For example, the Waveform Length is a property
of the thresholder device, and Sort Method is a property of the sorting device.
This is done as a convenience so you don't have to constantly select sources
to change common properties.

The OmniPlex System automatically determines which upstream or
downstream source is referred to relative to the one shown in the Properties
view sub-title. For example, WB is upstream from SPKC and SPK, while SPK
is downstream from SPKC and WB.

For example, if you selected a channel in the multichannel spike window, the
Properties view might show something like the following image:
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: Properties A0 x
4 SPK (Source #6)

DR LU= -— Basic Sorting
Channel Type Spike
Channels 54
Channel Grouping Single
Enabled
Record Enabled
Sampling Freg. 40000
Gain 50
Waveform Length 0]
Pre-Thresheld 200
Sort Start 0
Sort End 800
Sort Method Ternplate

-| Channel 9 on SPK (Source #6)
Mame SPEDS
Enabled
Record Enabled
Threshold -15.000

Gain is displayed as a property, even though the sorting device has no gain
control. When you change the gain in this case, it actually changes the gain in
the DigiAmp Amplifier, which is the first device upstream from the sorter.
Likewise, channel 9's Threshold value is displayed and can be adjusted, and
editing this parameter affects the thresholding device which is immediately
upstream from the sorter.

However, if you select a source for which this consolidation of properties is not
possible, e.g. one that is not downstream from the DigiAmp Amplifier when
you want to change the gain, you will need to explicitly select a source for
which the desired properties can be set. You can select the desired source by
clicking on a view that contains that source.

TIP

? Properties for upstream and downstream sources
Later in this section you will see a description of the larger,
= multichannel Properties Spreadsheet, which displays certain
properties for upstream and downstream sources, and provides
consolidation of properties as described above.

You can also select sources, channels, and units by using the Previous/Next
Source/Channel/Unit arrows in the toolbar:

QD anhn
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2 Startup (with DigiAmp Subsystem)

As you repeatedly click the Next Source button (right-arrow S), you will see
the Properties view step through all of the sources in the topology. Similarly,
the Previous/Next Channel buttons will step through the channels within the
current source. Selecting a source or channel never changes any properties
of that source or channel; it only highlights that source/channel in the displays
and causes its properties to be displayed.

If you do not see “WB?” in the bar just below the “Properties” title in the
Properties view, this is probably because you previously clicked on a view that
is displaying a different source. To cause the Properties view to show the WB
properties, simply click on the WB tab in the lower-right window so that it is
the currently selected source:

: WEB Channel 1 - Continuous

¥4 WE Channel 1 -Contin...

= 4

: Properties o0 x —
- WE (Source #3) < -
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6 Now that the properties for the WB source are displayed in the Properties
view, single-click anywhere in the Gain row:

i Properties O x
= WE (Source #3)
On Device Plexon Mini Digifmp
Channel Type Analog
Channels 64
Channel Grouping Single
Enabled
Record Enabled
samuling Freg, 40000
Gain 50 I}
AwETCIm LEMNy o
Pre-Threshold 200
Sort Start 0
Sort End 800
Sort Metheod Template
= Channel 1 on WB (Source #3)
Mame WEN
Enabled
Record Enabled O
Threshold -15.000
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2 Startup (with DigiAmp Subsystem)

You will see up/down arrows appear at the right end of the Gain row:

i Properties O x
= WE (Source #3)
On Device Plexon Mini DigiAmp
Channel Type Analog
Channels 64
Channel Grouping Single
Enabled
Record Enabled
Sampling Freq. 40000
G E )
Waveform Length &00 I}
Pre-Thresheld 200
Sort Start a
Sort End 800
Sort Method Ternplate
= Channel 1 on WE (Source #3)
Mame WEO1
Enabled
Record Enabled &
Threshold -15.000

7 Click the up arrow once to increase the gain from 50 to 250. If you see
clipping in the WB - Continuous view (as shown at the start of Step 2), click
the down arrow to return the gain to the original value of 50. On the other
hand, if the signal level is still too low (this is very unlikely when using a strong
signal such as the audio from a PC), you can try increasing the gain one more
step to its maximum value of 1000. Remember, if you see clipping in the
wideband signal, reduce the gain one step at a time until the largest peaks of
the signal fit comfortably within the display window for the channel in the WB -
Continuous view.
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2.6 Setting the Wideband Gain with a Live Neural Signal

When you are working with a live neural signal, rather than a test signal from a
PC, the gain-setting process is usually simpler than the procedure described
above. Now that you know how to adjust the gain and monitor the wideband
signal for clipping, these two guidelines should cover most situations:

» Ifyou are using a unity-gain headstage (G1), set the DigiAmp gain to 1000; if
clipping of the wideband signal occurs, reduce the gain as necessary until it
occupies no more than 1/2 to 2/3 of the maximum amplitude range

* Ifyou are using a gain-of-20 headstage (G20), set the DigiAmp gain to 50; if
the wideband signal occupies a very small portion of the maximum amplitude
range, carefully increase the DigiAmp gain until the signal occupies no more
than 1/2 to 2/3 of the maximum amplitude range

Remember that, unlike the test signal, with a live neural signal you will often
have different signal amplitudes on different channels. In such cases, make sure
to keep the gain low enough to prevent clipping on the channel with the highest
amplitude signals. Chapter 4, PlexControl User Interface, describes how to
change the number of channels that are displayed at one time and other viewing
parameters.

TIP

Use magnification for an enlarged view of signals

To avoid clipping of the signal, it is advisable not to set the gain too
high. If a lower gain setting causes the signals on some channels to
appear small in the displays, you can use the magnification feature to
enlarge the displays as much as necessary. See Section 4.4.2,
“Changing the Magnification” on page 121.
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2 Startup (with DigiAmp Subsystem)

2.7 Separating Wideband Signal into Field Potentials and Spikes

So far, you have been working with the wideband signal (WB source), which
after preamplification (analog gain), is digitized at a sampling rate of 40 kHz.
The digitized wideband signal for each channel contains field potentials at lower
frequencies plus a spike-band signal at higher frequencies. Since the field
potentials are typically of a much larger amplitude than the spikes, the net effect
is of spikes “riding on the waves” of field potentials:

! WEB Channel 1 - Continuous

0.0s

-|EWB Channell - Co... E SPKC Channell - C,., E FP - Continuous Peak Histogram 5n... Pei

In live neural signals, the spike amplitudes are often small compared to the field
potential amplitudes (even smaller than what is shown in the sample image

above).
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The OmniPlex System uses software DSP filters in Server to separate the WB
signal into its two primary components:

Lowpeass filtering with a cutoff of approximately 200-300 Hz yields the field
potentials, which are then downsampled to a default sampling rate of 1 kHz
(FP source). The downsampled signal can be processed more efficiently and
helps reduce the size of recording files. As a rule, the sampling rate must be at
least twice the highest frequency component in the signal, and a factor of four
or more is preferable.

: FP Channel 1 - Continuous

¥ VB Channell - C... |4 SPKC Channell - ... | ¥4 FP Channel1 - Co... Peak Histogram

Note: This is an artificial test signal where the “FP component” is a simple low-
frequency (5 Hz) sine wave. Real FPs would be more complex low-frequency
signals.

Highpass filtering with a cutoff of approximately 200-300 Hz yields the
continuous spike signal (SPKC source), sampled at the same 40 kHz rate as
the original wideband signal.

! SPKC Channel1 - Continuous

108

——————————————————————————————————————————
0= 58 108

¥4 \WB Channel1 - Co... | 4 SPKC Channel1 - C... | 4 FP - Continuous | [ P:
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2 Startup (with DigiAmp Subsystem)

Informally, you can think of removing the field potentials as “flattening the
baseline” of the wideband signal; without this flattening, it would be impossible
to detect spikes by comparing the continuous signal amplitude against a fixed
voltage threshold.

The OmniPlex System allows you to configure the characteristics of the spike
and FP separator filters and the downsampling, but for these examples, you will
use the default settings. See Appendix B: Separation of Spikes and Field
Potentials Using Digital Filters for details on how to change the default settings
and some of the tradeoffs involved.

2.8 Stopping Data Acquisition

The Stop Data Acquisition button is to the right of the Start Data Acquisition
button:

nfigure Data Window Run Help

| EOrTIT Ires
RO X : SPKChann

Or, from the Tasks view, select Sop Data Acquisition (which is only displayed
while data acquisition is running):

! Tasks rOx

System a

iy Create View Layout for Sources

R Automatically Configure All Sources

Start Recording Data
B, Stop Data Acquisition

Parameters which you had previously set while data acquisition was running,
such as thresholds, etc. will be preserved when you restart data acquisition.
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3 Startup (with DHP Subsystem)

3.1 Connections and Power-up
How to use Chapter 2 and Chapter 3

This chapter—Chapter 3, Startup (with DHP Subsystem)—applies to

OmniPlex® Systems that use the DHP (Digital Headstage Processor) subsystem
for data acquisition.

Note: If you have a DigiAmp™ subsystem, use Chapter 2, Startup (with DigiAmp
Subsystem) instead.

DHP subsystem connections and power-up procedures

If you already have a running system with all the cables connected and a
headstage tester unit (HTU) connected to the audio output of the PC, you can skip
this section and go directly to the section Section 3.2, “Starting and Configuring
the OmniPlex Server” on page 73.

Initial settings

1 If the PC is on, close all programs and shut it down (close Windows® and fully

power down - not just Sleep or Hibernate).

2 If the power switch on the OmniPlex chassis is in the “on” position (—), switch
it to the “off” position ( O ) now by pushing the rocker switch on the rear panel
of the chassis (see the image, below).

3 Plug in the power cable to the chassis. Leave the rocker switch in the “off”
position.

Push this side in (O )
to turn power off.

AC 100-240V
50/60 Hz

O55-ENCL-3U-CPCI-8-300-2774-001
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Connecting the cables to the computer link and data link cards

4 (This step applies to the basic OmniPlex chassis and the COMPUTER LINK
card. If you have the OmniPlex eChassis and the HLKe card, skip this step
and use Step 5 instead.)

Connect the black signal cable from the COMPUTER LINK card in the
chassis to the connector on the back of the PC.
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3 Startup (with DHP Subsystem)

5 (This step applies to the OmniPlex eChassis and the HLKe card. If you have
the basic OmniPlex chassis and the DATA LINK card, skip this step.)

Connect the PC signaling cable from the HLKe card in the eChassis to the
connector on the back of the PC.
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Connect the blue link cable from the DATA LINK card in the basic chassis (or
the PDLe card in the eChassis) to the connector on the Digital Headstage
Processor (DHP) unit. The red markings on the cable connectors should line
up before inserting the cable.

If you ever need to disconnect the blue link cable from the DHP unit, DATA
LINK card or PDLe card, unplug the connector by grasping the connector
(shown inside the red rectangle in the images above) and pulling straight out.
Warning: Do not pull on the blue cable itself, and do not twist the

connector. Never bend or kink the blue cable.

A

CAUTION
Once Server is running, do not plug/unplug the blue cable

Never plug/unplug the blue cable if the Server application is running.
Doing so could damage the circuitry.
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3 Startup (with DHP Subsystem)

Connecting to the Headstage Tester Unit

The next few steps will connect the headstages and audio cable to the Headstage
Tester Unit (HTU). The general connection scheme is shown in the following
diagram.

Headstage

Headstae
cable

Computer

7  Obtain the headstages and headstage cables that you are going to test. If not
already done, connect each headstage to a headstage cable.

8  Connect the headstage input connector to the connector on the HTU. (Repeat
if you have multiple headstages and HTUs.)

HTU shown with four headstages connected
(There are several models of the HTU. This is an example.):

—;-‘Wk
S —
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9

Connect the other end of the headstage cable to the connector on the DHP
unit. (Repeat if you have multiple headstages and headstage cables.)

DHP unit shown with one headstage cable connected:
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3 Startup (with DHP Subsystem)

10

11

(This step is applicable to some OmniPlex Systems, and depends upon the
audio capabilities of the specific PC that was included in your system.) All
OmniPlex components, including the high speed PC, are fully integrated and
tested prior to shipment. PC models change from time to time as computer
technology improves. Most PC models have good quality audio ports, but
some do not. If the audio port on a PC model is not sufficiently high quality, or

if it is noisy, Plexon® includes a USB audio interface that will provide higher
quality audio for OmniPlex testing purposes.

If you have a USB audio interface, plug the interface into any USB port on the
PC.

<>

P

Note: A test audio file will be played in the procedure in Section 3.8,
“Starting Data Acquisition” on page 95.

Connect a 1/8” stereo audio cable from the USB audio interface output jack
(or from the 1/8” line output jack on the front or back of the PC) to the 1/8”
input jack on the HTU.

HTU shown with four headstages and audio cable connected:
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12 Verify that the REF jumper(s) on the HTU are positioned on GND.

Verify that the left/right jumper is positioned on LEFT.

REF 1 REF 2

GND ~ GND

R'onun § . = _r nrendl
S IITVW 1 TNL2JIVL

EQSIG =~ ¢ +-EQ SIG

A

c3 C4
G @

LEFT == | RIGHT
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3 Startup (with DHP Subsystem)

Power up

13

14

Turn the chassis power on. You should see the two green POWER LEDs light
up at the left end of the front panel.

Basic OmniPlex chassis:

& | i
Note: The four LEDs labeled “BACKPLANE LINKS” indicate communication
activity with the PC and do not require any user action.

Start the PC and allow Windows to boot up normally. You should see the
green LED light up—the LINK LED on the COMPUTER LINK card or the
HOST LINK LED on the HLKe card.

Note: If the link LED does not come on, it is possible that the black link
cable to the PC is not connected properly. In this case, verify that both
ends of the cable are properly connected, then repeat the procedure
starting from Step 1.
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Basic OmniPlex chassis:

OmniPlex eChassis:

Note: The HOST LINK LED blinks when the PC is connected and
turned on.
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3 Startup (with DHP Subsystem)

15 Do not play any audio on the PC yet, but open the Windows volume control or
audio mixer and make sure that Line Out and Headphone out (some PCs will
only have one or the other output option) are enabled (not muted), and set the

volume to maximum.

=

)
3

Mier

Note: A test audio file will be played in the procedure in Section 3.8,
“Starting Data Acquisition” on page 95.

If you are connecting a Plexon CinePIex® System
to your OmniPlex System

For information about the interface between these two systems, see the CinePlex
User Guide, which is available on the Plexon website.
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3.2 Starting and Configuring the OmniPlex Server

The OmniPlex Server is the first of the two primary software components of the
OmniPlex System. Server is the “engine” which receives data from hardware
devices, sends commands to the hardware devices, and contains the topology
(network) of software modules which perform filtering, thresholding, sorting, and
other signal processing functions. Once Server has been configured for your
hardware (which may have already been done by a Plexon Sales Engineer), you
will probably find that you spend relatively little time interacting with it, since the
main user interface to the OmniPlex System is provided by PlexControl, which is
described in Section 3.7, “Starting PlexControl” on page 93.

Launching Server and setting the topology

TIP

Press Ctrl key to prevent auto-loading of pxs file

If you ever need to prevent the auto-loading of the last-used pxs file,
for example, for troubleshooting, you can hold down the Ctrl key
before double-clicking on the Server desktop shortcut; in this case,
you will be “starting from scratch” and will need to either load some
other pxs file, or use the Topology Wizard to create a new one, as

described in the steps below.

1 From the Windows desktop, double-click the OmniPlex Server shortcut:

CAUTION
Once Server is running, do not plug/unplug the blue cable

Never plug/unplug the blue cable if the Server application is running.
Doing so could damage the circuitry.

2 If you have recently upgraded the OmniPlex Server software, the system
might display a dialog “DHP Firmware Update Warning.” Upgrading your
firmware is recommended, because it will provide updates such as enhanced
protection from severe transient noise in the environment, operation with
additional chassis cards and higher channel counts. To perform the firmware
upgrade, see Appendix K: Firmware Upgrade for DHP Unit on page A-84.

3 If a system topology (configuration) diagram similar to the one below is
displayed, wait for the green progress bar at the bottom of the Server window
to finish. This diagram represents the topology that is currently saved in the
system from a previous run. If the topology is already set up the way you
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3 Startup (with DHP Subsystem)

want, you may proceed directly to Section 3.3, “Digital Headstage Ports” on
page 82.

If you do not see a topology diagram, or you want to modify it, perform Step 4
through Step 19 to create a new topology for the system.

Note: When you upgrade to a new OmniPlex System software version, or if
you add or replace any of the hardware in your system, you should
create a new topology (a new .pxs file) to ensure compatibility.
Perform Step 4 through Step 19.

D ——
AR

Generic M-channel
Elecirodes

128 Parts, 128 Chs 128 Chs

Single (1)

N Channel 1x Gain Headstage
Headstage

@)
1 Part, 126Chs 128Chs | .

5]
A
Auxiliary Analog Fraa . ;B Digital HST sawg |
Input 1 T Processor ¥
1 Part 32 Chs 32 Chs . o 4 Parts, 128 Chs 128Chs ) -
AuxAl Filter #14.AIF

= - L .I
Spike Separator #4: SPKC FP Separator #T.FP
(Software) 128 Chs + T f & g B w . % & E (Software) 128 Chs

#3, 128 Chs

[® #1030 |

#4128 Chs ¥ #7. 128 Chs

[Fiz3cCs] -

© [ #6.128Chs

Note: Data acquisition must be stopped to load or create a topology. See
Section 3.10, “Stopping Data Acquisition” on page 103.
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5

You can use Server's Topology Wizard to specify the topology of your
OmniPlex System. To do so, click on the Topology Wizard button in the

toolbar:

r

[P] CmniPlex Server - demolf.pxs

! File View Configure Data Window Run Help
DSy 2w Bieng

: Design

. [ Generic N-channel | |

Electrodes ;5'“‘"‘
The Topology Wizard dialog is displayed:
Topology Wizard @
Trodality Channel Counts
(@) Single-electrod
S s 123 Main neural A/D chans
() Stereotrode
) 128 Single electrode
() Tetrode
0 Stereotrode
/D Device Digidmp HST Gain 0 Tetrode
_ i} o
) ADG4 ® 61 L Pass-through
() DigiAmp G20
() MiniDigiAmp

(@ DHP

Additional Device Clients

[Jclobal fiiters AuxAI filters

CinePlex interface D Filtered Al only

[Juser data / comments interface

() TestADC Mumber of DI cards

[3?_ ch, S5kHzmax  * | AuxAl

File name: Autogen
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3 Startup (with DHP Subsystem)

6

7

Select the type of electrode in your experiment. You can choose only one type
for each topology. (The examples below assume Single-electrode is
selected.)

Trodality

@) Singleelectrode
Stereotrode

Tetrode

In the A/D Device section, click on the DHP button.

A/D Device

ADB4

DigiAmp

MiniDigiAmp

TestADC
(@ DHP

s

In the Channel Counts section, for Main neural A/D chans, enter the total
number of channels you will use in your DHP unit. If you are unsure of the
number of channels, contact Plexon for assistance. When you enter a
channel count in Main neural A/D chans, the corresponding number is
automatically entered in the Single electrode field.

The number you enter should correspond to the maximum number of
headstage channels that you will use. For example, if you will be using four 32
channel headstages, enter 128 for Main neural A/D chans. The same would
apply if you were using eight 16 channel headstages, or two 32 channel
headstage and four 16 channel headstages.

Channel Counts

123 Main neural A/D chans
123 Single electrode

0 Stereotrode

0 Tetrode

Pass-through

Note: You must enter a number that is a multiple of 16, that is, 16, 32, 48, ...
512, but not higher than the maximum channel count of your system
license.

If you are using a single HST/8D Gen2 headstage (only a single

8 channel digital headstage) with the OmniPlex System, you need to
configure your topology for 16 channels (16 channels is the minimum
topology). As displayed in PlexControl, the first 8 channels will
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contain your data, and the next 8 channels will display all zeros.

You can define fewer channels than are physically present in your
system. This can be useful if you will be running experiments using a
limited number of channels. For example, if you have a system
physically capable of 192 channels, but only plan to use 128 of those
channels, you can enter 128 for Main neural A/D chans and the
system will ignore (and not attempt to display) the unused 64
channels.

You can also disable individual channels in the Properties
Spreadsheet.

It is important to understand how the system handles the number of
channels that you enable/disable. For a complete explanation of
these options, see Appendix F: Disabling Unused Boards to Reduce
Channel Counts on page A-40.

AuxAIl configuration

Perform Step 9 through Step 11 if you have an Auxiliary Analog Input (AuxAl)
card in your chassis, and want to use the channels associated with the AuxAl
subsystem. Otherwise, skip to Step 12.

Note:

The AuxAl hardware is shown in the photo in Section 12.2, “5 kHz, 10
kHz and 20 kHz Maximum Sampling Rates” on page 366.

9 There are several types of AuxAl cards:

The standard AuxAl module, suitable for sampling rates up to 10 kHz
maximum, is the 16 channel PXI-6341. (Some systems use the 5 kHz
32 channel PXI-6224.)

The “fast” AuxAl module, suitable for sampling rates up to 250 kHz
maximum, is PXI-6259.

If you already know which card is installed, proceed to Step 10. If you are
unsure whether you have a standard or “fast” card, you can determine this by
the following method:

9a Left click the Start icon and navigate to the Device Manager.

!; ! 53 » Control Panel » All Control Panel Items »

File Edit View Tools Help

Adjust your computer's settings

¥ Action Center ] Administrative Tools

¥ Color Management Credential Manager |
@ Desktop Gadgets ————P» & Device Manager f
@ Ease of Access Center Flash| Device Manager

: ; View and update your hardware's
Getting Started & H 4 :
— g Stans o settings and driver software, )
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3 Startup (with DHP Subsystem)

9b In Device Manager, view the display to determine which module is
installed in your PC:

File Action View Help

&= = HE =

4 &4 PC
- M Computer Expand
‘w Data Acquisition Devices -af————— Data Acquisition Devices
I, w PxI-6250

> = Disk drives

",-, Display adapters

> 4} DVD/CD-ROM drives

&5 Hurnan Interface Devices

-G Keyboards

b --ﬂ Mice and other pointing devices
» I Monitors

» ¥ Network adapters

10 Inthe Topology Wizard, select the desired combination of channels and max
sampling rate from the AuxAl dropdown list.

16 ch, 10kHz max | AuxAl Select the 5 kHz option if you have
N the PXI-6224 module
ane
32 ch, 5kHz max < You can select 20 kHz or
32 ch, 20 kHz max 250 kHz if you have the

Select the 10 kHz option if you have

the PXI-6341 module
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11 If you want to enable AuxAl filters, click in the AuxAl filters checkbox. This
will cause the system to acquire both the filtered and unfiltered AuxAl signals.

If you want the system to acquire filtered Al data only, click in the Filtered Al
only checkbox.

Note: The Filtered Al only option cannot be selected by itself.

ISZ::h, 5 kHz max "J AuxAl ISZ::h, 5 kHz max 'I AuxAl
AuxAl filters AuxAl filters
[T Filtered AI only Filtered AT only
’“‘”"”i?””"”a'og 1 #13: Al ‘]j S e [
nput Input #13 A
| 1Pat 320ns JL 32 Chs J S L tpart s20hs JL 32 Chs J: :

NG

=51

o - o o
{ AuxAl Filter Wram,:»\nr 1: )

(Software) JD 32Chs J: :

I N

‘ AuxAl Filter #14: AIF

(Software) JL 32Chs J: N

In the example on the left, we did not check Filtered Al only, so the green
lines (which are pointing towards the main datapool, not shown here) indicate
that both AuxAl and AIF sources will be available in the OmniPlex GUI. In the
example on the right, we checked both AuxAl filters and Filtered Al only, so
only the green line from AIF is present.

For further discussion of AuxAl functions, see Chapter 12, Auxiliary Analog
Input.

Final topology configuration steps

12 The Global filters option in the Additional Device Clients section relates to
a legacy feature. It is generally not needed and can be left unchecked.
Information about this option is available in Appendix B: Separation of Spikes
and Field Potentials Using Digital Filters on page A-4.

The User data / comments interface option can be selected if you would like
to have the ability to add comments during recording (see Section 7.3,
“Adding Comments Before and During Recording” on page 217).
Additional Device Clients
[JGlobal filters
CinePlex interface

[Juser data f comments interface
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3 Startup (with DHP Subsystem)

13 Leave all other Topology Wizard settings at their default values. Note also that
the DigiAmp HST Gain parameter is not applicable to the DHP unit and there
is no need to be concerned with it.

14 Click OK. Wait for Server to generate a new topology diagram and go through
the initialization sequence, as indicated by the green progress bar at the
bottom of the window.

15 Server will display a Save As dialog asking you for the name for your new
topology (a topology is saved in a file with the extension “.pxs”). It will display
an automatically generated and appropriate name, for example,

DHP-64wb-32ai.pxs

[P} Save As @
Savein: || PlexonData - @ o
I== Mame Date mod‘ified Type m
= | opxD-G1-256whb-322i-0001.pxs 1/14/20134:56 PM PXSFile
RecentPlaces = o xD-G1-256whbtet-32ai pxs 12/20/2012 431 PM  PXSFile
. | | opsD-GL-256wh-32ai.pxs 12/20/2012 157 PM  PXSFile
|| opxA-B4wh-32ai-2.pxs 12/19/2012 708 PM  PXSFile
Desktop | opxA-G4wh-strobedDLpxs 12/19/2012 202 PM  PX5 File
== || opxA-64wb.pxs 12/19/2012 202 PM  PXSFile
W=l [ opxDm-G1-B4wb-32ai.ps 12/7/20126:24 PM  PXSFile
Libraries [ opxA-16wbtet.prs 12/5/20125:38 PM  PXSFile
"-L || opxD-G1-256wbtet.pxs 12/5/2012 435PM  PXSFile
T | opxD-G1-256wh-32ai20kHz.pxs 11/30/2012 244 PM  PXS File
Computer | D-G1-256wb-323iSkHz.pxs 11/30/201212:28 ..  PXSFile
t, L opx-cpx-32ch-31wb-1direct.pxs 11/29/2012 2:29 PM PXSFile =
€| 1 +
Metwork
File name: opxDm-G1-64wb-32ai pxs -
Save as type: [OmniPIex Server Files (" pxs) '] ’ Cancel l

Click Save to accept the default filename, or edit the name if you wish, and
then save the pxs file.

16  Server will display a message box:

OmniPlexServer Iﬁ

I i Please close and restart Server to make the new topology take effect.
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17 Click OK.

18 Close Server.

= B X : Data Acquisition O x
DataPool kb/s PDPsf=  Pool Index
CLlLU Il & | Config 0,000 0.0
.................. Main 00 0.0

19 Restart Server as described in Step 1, wait for the .pxs file to load and for the
green progress bar to finish.

Server now has auto-loaded a .pxs topology file, either one that was used in a
previous OmniPlex session, or one that you just created in Step 4 through
Step 19 above using the Topology Wizard. In either case, from now on, when
you start Server from the desktop, by default it will automatically load the last-
used pxs file.

TIP
? When to use Topology Wizard
You should use the Topology Wizard to create a new pxs file when
Y, the hardware configuration of your system changes (for example,
adding more boards to a DHP unit or adding a new card to the
chassis), or when you are updating software.
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3.3 Digital Headstage Ports

The DHP unit can contain from one to four circuit boards. Each board includes
four digital headstage connectors, called ports. Each port can interface to an 8,
16, 32, 64 or 128 channel digital headstage. The ports on each board are
numbered in right to left order, and the topmost board is Board 1. The image
below shows the board and port numbers.

.............. Sl ] Board 1

Board 2

Board 3

Board 4

Note:  As shown in the image below, the Device Settings dialog of the OmniPlex user
interface displays Ports 1, 2, 3 and 4 as H1, H2, H3 and H4 for each board. We
will explain how to use the Device Settings dialog in the steps below.
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Plexon Digital Headstage Processor Device Settings @
Headstage Configuration
Headstage type(s) | All 32 channel headstages - | (64 of 64 available channels defined)
Board 1
H4: | Mone | H3: [MNone =l . H2: [H5T32D | H1: [H5T32D =l | ..
Board 2
H4: | Mone H3: |Mone H2: | Mone H1: | None
Board 3
H%: | None H3: |MNone HZ: | None H1: | None
Board 4
H%: | None H3: [None H2Z: | None H1: | None
/| Use same analog filter settings for all headstages | Use same referencing for all headstages Reset
I N Referencing
Highpass  |0.10 - Hz Grounded reference = to Defaults
Lowpass 7500 - Hz -
Use lowest latency (increases CPU usage Reset Filters
v o) To Defaults
7 - )
Use same digital filter settings for all headstages ] Enable tmestamp checking
/| Enable filter Reset AL to
————————— Defaults
Highpass 0.77 - Hz OK ] | Cancel

Every DHP system has at least one board, with four ports, although not all ports
may need to be used on smaller systems. When used with four 32 channel
headstages, two 64 channel headstages or one 128 channel headstage, each board
supports a maximum of 128 channels. With 16 channel headstages, the maximum
is 64 channels per board.

If you are using only 32 channel headstages:

The system default in the Device Settings dialog assumes that all headstages are
of the 32 channel type. If you are using only 32 channel headstages, there is no
need to change any of the headstage connection types in this dialog.

If you have a single 8 channel headstage:

If you are using a single HST/8D Gen2 headstage (only a single 8 channel digital
headstage) with the OmniPlex System, you need to configure your topology for
16 channels (16 channels is the minimum topology). As displayed in
PlexControl, the first 8 channels will contain your data, and the next 8 channels
will display all zeros.
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If you have a 16 channel OmniPlex System:

If you have a 16 channel OmniPlex System, the Device Settings dialog assumes
you have a single 16 channel headstage. In that case it is not necessary to
manually set these options for each port.

Working with headstages

You must stop data acquisition on the OmniPlex System before changing the
headstage options, as well as before connecting or disconnecting digital
headstages from the DHP unit.

CAUTION
& Stop data acquisition before connecting or disconnecting
headstage cables

Do not connect or disconnect headstage cables from the DHP unit,
or from the digital headstage while data acquisition is occurring.
Doing so will create invalid signals if you then reconnect the cables
or headstages. See Section 3.10, “Stopping Data Acquisition” on
page 103.

See Section 3.6, “Working with Headstages and the DHP Unit” on page 91 for
more details about digital headstages.
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3.4 Specifying Digital Headstage Types

1 To display the current DHP device options, make sure that data acquisition is
first stopped (see Section 3.10, “Stopping Data Acquisition” on page 103),
then right click on the Digital HST Processor device in the topology and
select Edit Device Options.

Z*Z

Digital HST ﬂ' o |-
Processor ™ :
2 Parts, 64 Chs _ i _
L Edit Device...
Edit Device Options...

Show Device Characteristics..,

The system displays the Plexon Digital Headstage Processor Device
Settings dialog:

Plexon Digital Headstage Processor Device Settings @
Headstage Configuration
Headstage type(s) ’AII 32 channel headstages - ] (64 of 64 available channelz defined)
Board 1
Board 2
H4: | Mone H3: [Mone H2: |None H1: |MNone
Board 3
H4: | Mone H3: |Mone H2: | Mone H1: | MNone
Board 4
H4: | Mone H3: |Mone H2: | None H1: | None
Use same analog filter settings for all headstages Use same referencing for all headstages Y
Referencing
Highpass Hz Grounded reference = to Defaults
Lowpass 7500 - Hz -
Use lowest latency (increases CPU usage Reset Filters
= v 0 oe) To Defaults
Use same digital filter settings for all headstages Enable tmestamp checking
Enable filter Resst ALL to
Defaults
Highpass 0.77 - Hz [ QK ] ’ Cancel
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2 The system default assumes that all headstages for an installed board are of
the 32 channel type. Set the configuration on each of the ports by using the
individual dropdown lists.

Note: Selecting HST16D vs. HST16D Gen2—If you have a 16 channel
headstage, look at the label marked on the headstage. If the label
includes the letters “Gen 2” you should select HST16D Gen?2 from the
dropdown list. Otherwise, select HST16D. See the example below.

H1: |H5T32D w
2a < Mone
£ 3 s
& :g:g':‘r HST8D Gen2
LR —~
s iE 83 HST 16D
N > HST16D Gen2
@%* 3
3 H1: [HST32D
H5To4D
H5Ta4D5
H5T54D5H
H5T 12505
Headstage Configuration
Headstage type(s) | |All 32 channel headstages ~ (512 of 512 available channels defined)
Board 1
H4: |HST32D | . H3| |HST32D ~| = H2: |HST32D ~ | . Hi: |HST32D ~
MNone
HSTBD Gen2
Board 2 HST160
H4: |HST32D | . H3j |HST32D H2: |HST32D | . Hi: |HST32D ~
HST&4D
HSTE4DS
Board 3 :gslng[s)g

In the above example, when you change headstage H3 from HST32D to
HST16D Gen2, the summary display at the top changes accordingly:

Headstage Configuration

Headstage type(s)] |Mix of headstage types ~ (496 of 512 available channels defined)
Board 1
H4: |HST32D (- H3: |H5T18D Gen: ~ - H2: |HST32D ~ H1i: |HST32D ~
Board 2
H4: |HST32D (- H3: HST32D | . H2: |HST32D (- H1i: |HST32D ~

You can use any combination of 8, 16, 32, 64 and 128 channel digital
headstages whose channel counts add up to the number of channels in your
topology (pxs file). For example, a 128 channel topology could use one
HST128DS, or two HST64D, or one HST64D plus one HST32D plus two
HST16D Gen2 headstages. The only additional constraints are as follows:

* When a 128 channel headstage is used, it must be plugged into Port 1,
the rightmost port on a DHP signal board when viewed end-on, and no
other headstages can be plugged into the same board.
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*  When a 64 channel headstage is used (HST64D, HST64DS or
HST64DSH), it can only be plugged into every other port, starting from
the rightmost port (Port 1) on each board. Even though the 64 channel
headstage physically plugs into a single port, you should think of it as
“occupying” two adjacent ports on the DHP. In other words, if an HST64D
is plugged into Port 1, do not plug any headstage into Port 2;
if an HST64D is plugged into Port 3, do not plug any headstage into
Port 4.

TIP
Dropdown lists identify ports that have the 64 and
128 channel options

Consistent with the use of 64 channel headstage as described above,
the dropdown lists for Ports 1 and 3 (labeled H1 and H3) display the
64 channel option (HST64D, HST64DS or HST64DSH), but the
dropdown lists for Ports 2 and 4 (labeled H2 and H4) do not.

Consistent with the use of the 128 channel headstage as described
above, the dropdown list for Port 1 (labeled H1) displays the 128
channel option (HST128DS), but the dropdown lists for Ports 2, 3
and 4 (labeled H2, H3 and H4) do not.

When you start data acquisition in the OmniPlex System, an error message
will be displayed if an incorrect headstage configuration is detected. Refer to
the Server message window for the specific board and port on which the error
was detected.

CAUTION
Ensure firmware is up to date for HST128DS

Server will display a warning if you need to update your DHP
firmware (to DADH firmware version 2.9) to support HST128DS.
See Appendix K: Firmware Upgrade for DHP Unit on page A-84 for
more information on updating the DHP firmware.

Example—Modifying the headstage assignments (HST32D and HST64D)

To change the headstage on Board 1, Port 1 from 32 to 64 channels, begin by
selecting HST64D in the dropdown list for Port 1 on Board 1.

Board 1

H4: |HST32D Ll H3: |HST32D [ H2: |HST32D | . H1: |HST32D ~
MNone
H5T8D Gen2
Board 2 HST16D
H5T16D Gen2

H4: (HST32D | . H3: |HST32D ~ | . H2: |HST32D | . Hi: |HST32D

IHST64DS
HSTE4DSH
HST 12805

H%: |HST32D el H3: |HST32D el HZ: |H5T32D | | H1: |HST32D ~

Board 3
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Once you have selected a 64 channel headstage, note that the controls for
the adjacent port are set to None and are disabled to indicate that the
adjacent port is not available:

Board 1

H4: |H5T32D | e H3: |H5T32D =l ] o H2: |None H1: [H5TE4D | e

Headstage assignments for HST64DS and HST64DSH

The 64 channel digital headstages, HST64DS and HST64DSH, are
“thumbtack” designs which use Samtec™ connectors (hence the “S”);
the “H” version differs in that its connector is oriented horizontally.

Board 1

H4: |HST32D v | . H3: |HST32D v | = H2: |HST32D | ke H1: [H5T8D Gen2 ~
MNone
H5T8D Gen2

Board 2 HST16D
H5T16D Gen2

H4: |HST32D v | . H3: |HST32D v | . H2: |HST32D bl H1: [HST32D
H5To40
HSTE4D5
H5TE4D5H

Board 3 HET 12805

H4: |HST32D v | . H3: |HST32D v | . H2: |HST32D el H1: |HST32D el

Headstage assignments for HST128DS

In the device options dialog, select HST128DS from the dropdown list for port
H1. Note that when you do this, the headstage selection dropdowns for the
remaining three ports on the board are grayed out to indicate that the HST128 is
“using” the full 128 channel capacity of the board.

Board 1
H4: | None H3: | None H2: |None H1: [HST128DS  ~
None i
HSTBD Gen2 |
Board 2 HST16D |
) _ _ - , HST16D Gen2
H4: |None v H3: |None - H2: | None - HL: HST32D
—— — e H5TE4D
HSTE4DS5 |
Board 3 |
H4%: | None - H3: |None v| HZ: i.None v..

You can configure up to a total of four 128 channel headstages, one per DHP
signal board, with each occupying the rightmost port on a board. You can use any
combination of 8, 16, 32, 64 and 128 channel headstages on a single DHP, as long
as you have the required number of DHP signal boards.

TIP
? Additional device settings—filtering, referencing, latency
If you need to make adjustments to the default headstage settings in
=4 the Plexon Digital Headstage Processor Device Settings dialog,
such as filter cutoffs, referencing and latency, see Appendix D: DHP
Device Settings—Filtering, Referencing and Latency on page A-22.
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3.5 Port and Channel Assignment Guidelines

As a general rule, it is recommended that you assign your headstages as shown
below, with all the headstages of a given channel count grouped together in
consecutive port positions.

Headstage Configuration

Headstage type(s) IMix of headstage types vI (128 of 128 available channels defined)
Board 1
Board 2

However, the system allows considerable flexibility, and configurations such as
the following are also acceptable:

Headstage type(s) lMix of headstage types vI I (128 of 128 available channels defined) I
Board 1
Board 2

When the above headstage channels are viewed in the OmniPlex user interface,
the correspondence between headstage channels and OmniPlex channels, e.g.
WB001 — WBI128, is determined by the following rules:

* The rightmost (lowest-numbered) headstage on the topmost (lowest-
numbered) board corresponds to the lowest-numbered channels.

* Channel numbers then increase with increasing port number (right to left) and
increasing board number (top to bottom).

» Any ports that are set to None have no eftect on the channel numbering. In
the above example, the channel numbering would be as follows:

Board 1, H1: channels 001 - 032
Board 1, H2: channels 033 - 064
Board 1, H3: channels 065 - 096
Board 2, H1: channels 097 - 112
Board 2, H2: channels 113 - 128

You may have noticed that Headstage type(s) in the summary at the top of the
dialog is a dropdown control. It changes automatically depending on the type of
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3 Startup (with DHP Subsystem)

headstages you assign, but you can also use it as a shortcut command. If you set it
to All 8 channel headstages, All 16 channel headstages, All 32 channel
headstages, All 64 channel headstages, or All 128 channel headstages, the
headstage configuration will be reset to use only that type of headstage, with the
appropriate number of headstages defined for the current pxs channel count.

Headstage Configuration

Headstage type(s) |All 32 channel headstages w (512 of 512 available channels defined)

All 8 channel headstages
Al 16 channel headstages
32 channel headstages |
H4: |HSTIZD w | | |Alle4 channel headstages | B H1: |HST3ZD o
All 128 channel headstages
Mix of headstage types

Board 1

Note that you can configure fewer headstage channels than the available number
of channels defined in the pxs; unused channels will display no signals when
viewed in the OmniPlex user interface. However, if you do so, the system will
warn you when you click OK to exit the Device Settings dialog:

Headstage type(s) [AII 32 channel headstages V] (64 of 128 available channels defined)

Board 1

Board 2 DHSDigiAmp l ]
H4: |Mone ‘

% Vou have defined fewer headstage channels (54) than your pxs channel
@' count (128). Unused channels will have no signals. Continue?

e -

e [ m ]

Board 3

Board 4

Mane il B i Mone bl B S = None | L | FT [ None - [_]

If you click Yes, in this example you will still have a 128 channel configuration,
but signals will only appear on the first 64 channels. If you click No, you will
return to the Device Settings dialog where you can assign additional headstages
to fill out the available channel count.

When you created a new topology (pxs file) or loaded an existing pxs file, the
DHP device options were automatically set to default settings that are suitable for
most uses. However, if you want to change the headstage highpass and lowpass
filter cutoff frequencies, or make adjustments to the referencing or latency default
settings, see Appendix D: DHP Device Settings—Filtering, Referencing and
Latency on page A-22.
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TIP

Additional device settings options

If you need to make adjustments to the default headstage settings in
the Plexon Digital Headstage Processor Device Settings dialog,
such as filter cutoffs, referencing and latency, see Appendix D: DHP

Device Settings—Filtering, Referencing and Latency on page A-22.

3.6 Working with Headstages and the DHP Unit

Headstage selection and specifications

Please refer to the Plexon Digital Headstage Technical Guide and the Headstages
Data Sheet for specifications and additional information about the digital
headstages.

Important note on connecting and disconnecting digital headstages

An important difference between the DHP subsystem and the DigiAmp
subsystem is that with the DHP subsystem, you should only connect and
disconnect cablesfrom the DHP unit, or from the digital headstage, when
data acquisition is stopped in the OmniPlex application. Typically,
unplugging a headstage or headstage cable during data acquisition will only
cause loss of signal on the corresponding channels, but if you attempt to
reconnect a disconnected headstage during acquisition, the corresponding
channels will display invalid signals until data acquisition is stopped and
restarted, which re-establishes the digital communication link to the headstages.
In any case, headstages other than the one being disconnected or reconnected are
not affected and their data acquisition continues normally.

CAUTION
Stop data acquisition before connecting or disconnecting
headstage cables

Do not connect or disconnect headstage cables from the DHP unit,
or from the digital headstage while data acquisition is occurring.
Doing so will create invalid signals if you then reconnect the cables
or headstages. See Section 3.10, “Stopping Data Acquisition” on
page 103.

However, you can disconnect the headstage itself from the source of analog
signals (e.g. the electrodes) without affecting the digital communications with the
DHP unit. In other words, the input to the headstage is analog; but everything else
(headstage-to-cable connection, cable-to-DHP connection) is digital. Another
way of thinking of this is that only the very first connection in the chain, typically
“at the animal,” can be changed without first stopping data acquisition.
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Other digital headstage considerations

Note that the digital headstages use a fixed gain, and so there is no need to adjust
gain or match gain depending on headstage type as with previous OmniPlex
Systems. The maximum allowed input voltage at the headstage is 10mv peak-to-
peak (mV pp); voltages slightly exceeding this, up to approximately 12mV, can
be applied to the headstage without causing A/D clipping but are not
recommended for best results. Note that if you find that unwanted large-
amplitude low frequency signals or DC drift at the electrode are causing the input
voltage to exceed this range, you may be able to reduce this by raising the cutoff
frequency of the headstage analog highpass (low-cut) filter, as described in
Appendix D: DHP Device Settings—Filtering, Referencing and Latency on page
A-22.
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3.7 Starting PlexControl

This section assumes that you have already started Server and set up your digital
headstage ports, as described in the previous sections.

1 Start PlexControl either by double-clicking its desktop shortcut:

[P] CmniPlex Server - opxDm-G1-6dwb-32ai.pxs

EEiIE View Configure Data Window | Run | Help

[ = et Y ?EEP - BE’EE PlexControl L\@J

Desiag - B Plextti
IEI Ds | ® N N ﬁﬂ Offline Sorter
coo | eomesd M) NeuroExplorer BERRE
.................. S N Bxplorer SEREE
oooisseiiiieeesee el Customize. SERES
L e ween | D]«
macssage -
sremascns [[meons [0

2 The PlexControl application window is displayed. It should look something like
this:
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3 Startup (with DHP Subsystem)

If you would prefer to restore the display to the default view, select Create
View Layout for Sources from the View menu.

ontrol - PlexControll

: File | View Display Configure Data Window FRun  Help

| :
|\ Create View Layout for Sources [\V\Y=! g H 1208

Toolbars

10O x

Tasks

*ng Sources &nd Channels
8= Source Chain
Properties

Pronerties Snreadzhest

induj uang i

or from the Tasks view at upper-left:

Eg PlexControl - PlexControll

: File View Display  Cenfigure

NEFEH S0

Data Window Run Help

namunlio s

: Tasks

induj uang i

10O x

You can do this at any time to restore the user interface layout to a default
state, without affecting any of the actual parameters for acquisition, sorting,
recording, etc. In other words, it is a purely cosmetic operation.

TIP
? Do not perform Create View Layout for Sources
while recording

Sour ces while recording data.

= Due to the amount of system activity involved in recreating all the
views from scratch, especially on systems with high channel counts,
it is recommended that you not perform Create View Layout for
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3.8 Starting Data Acquisition

This section explains how to start data acquisition.

1 Click Start Data Acquisition, either in the main toolbar:

=E PlexControl - PlexControll
: File View Display Configure Data Window Run Help
BET A IERE] AN H B

: Tasks = 0=

System k3
k.. Start Data Acquisition

i Create View Layout for Sources
ﬁ Load the .pxc file that was last used

ndu uanz 1

or in the Tasks view:

=g PlexControl - PlexControll

! File View Display Configure Data Window Run Help

D SR ol QgL nliO

: Tasks 0O x

System E3

.. Start Data Acquisition

indujuang 1

LA LTESTETIETT TS out for Sources
ﬁ Load the .pxc file that was last used

Release 20

95



3 Startup (with DHP Subsystem)

2 After a few seconds you should see signal traces being drawn in the view
labeled “WB - Continuous” in the lower-right part of the window:

]%ﬁ SPK - Waveforms | B4 Clusters | 30 3D Clusters Properties SpreadShest

& X i WB- Continuous

]EWB - Continuous Peak Histogram Snapshot EContinuous Peak Histogram Snapshot EContinuous -]

i

"WB - Continuous” refers to continuously-digitized signals from the WB
source. The vertical colored sweep line shows the current position; once it
reaches the far right end of the window, it “wraps around” to the leftmost
position and overwrites the oldest data in the view. The time labels on the
horizontal axis indicate relative time for this specific view only; later you will
learn how to adjust the horizontal sweep speed and other viewing
parameters.

TIP

Some settings can be changed only when data acquisition
is stopped

Later, you will see that there are some settings which can only be
changed when data acquisition is stopped. For example, the
OmniPlex System will not allow you to modify the spike waveform
length or pre-threshold length, or change the sorting method, while
data acquisition is running. In such cases, simply stop data
acquisition, perform the desired operation, then start data acquisition
again. See the instructions on stopping data acquisition, Section 3.10,
“Stopping Data Acquisition” on page 103.

Playing a test audio file

3 Before you play a test audio file, you need to ensure that the OmniPlex audio
monitoring feature is disabled. Otherwise the OmniPlex System could
generate an audio feedback signal that would mix with the intended test
signal. Audio monitoring is for live data only.
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Note:

If you are operating a new OmniPlex System for the first time, the audio
monitoring feature is already disabled; this is the factory default setting.

To ensure that the audio monitoring is disabled, right-click on the Spike
Separator in Server, and select Edit Device Options. Then, in the Device
Options dialog, ensure PC Audio Monitoring is set to None. If necessary,
set it to None. Then click OK.

Spike Separator

rSDﬂL'l'aI'E'}

Edit Device...

Edit Device Options...

"""" Show Device Characteristics...

Add Mew Source To Device...

Remove Device

:::::::::::*-M:; """ N\ \
Spike Separator Filter Settings =

Mote: Filter settings will apply to all SPKC
channels. To make per-channel settings, use the
Filter Control Panel in PlexContral,

300 Highpass cutoff freq (Hz)

] Lowpass filter
6000 Lowpass cutoff freq (Hz)
2 Mumber of poles
Bessel Filter type
PC Audio Monitoring
(@) None
(7) Spike separator output (SPKC)
() Wideband (WB)

[ OK ] [ Cancel

You can enable this feature later when you are working with live data.
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4 Start playback of the test audio file by double-clicking on its desktop shortcut.
(Test audio files are available on the Plexon website under Support |
Software Downloads | Data Samples.)

2

test wav

5 Depending on the signal level from the PC's audio output, some activity may
now be visible on the traces in the WB - Continuous view. The colored
rectangle identifies the currently-selected channel within the wideband
source, by default channel 1; selection of sources and channels within
sources will be described later.

: WE - Continuous

0s

T Pyt Pufpldy iy by

4 PP ol u i yiafialit iy iyl

]EWB - Continuous Peak Histogram Snapshot ﬁCDntinuous Peak Histo

If you still see only completely flat traces in the WB Continuous view (as in
Step 2), you may wish to recheck that audio is being played into the HTU. If
you need to troubleshoot, here are a few things you can try.

WARNING
Be aware of safe audio level

Be aware that the sound level at this point in the procedure is at
maximum (from Step 15 on page 72). If you are using a headphone
set or unusually powerful speakers, consider turning down the sound
level temporarily during this audio test.

5a If you are using a USB audio interface—Go to Windows Control
Panel > Sound, and ensure the USB Audio Device is set as the
default device. If the USB Audio Device is not displayed at all,
open Device Manager and ensure the USB Audio Device is
enabled. Also make sure you don’t have the audio muted on the
PC.

If there is still no signal in the WB - Continuous display, you can
verify the audio file is being transmitted by the interface and
through the 1/8” audio cable. To do this, attach the end of the audio
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5b

TIP

cable to a speaker, or plug a headphone set into the audio outlet of
the interface. Listen for the sound of the audio file.

If you are using the PC system audio—Briefly unplugging the audio
cable from the PC's headphone or line out jack should cause the
audio file to be heard from the PC speaker. If not, make sure you
don't have audio muted on the PC

Some PCs have both front panel and rear panel audio input and
output jacks, and you can use whichever is more convenient.
However, in rare cases, you may find that one output jack provides
a noticeably cleaner audio signal than the other, and using that
output will make working with the test audio file easier..

Play the audio file with continuous repeat selected

For convenience, set the audio to repeat continuously while you are
performing the above step.

5c

5d

If you have verified that the PC is playing back audio correctly, try
briefly unplugging the audio cable from the HTU, which will usually
cause a brief noise transient to appear in the wideband trace
display. If not, check to make sure all the cables are firmly and
evenly seated:

— Audio cable and headstage connected to the HTU
— Headstage cable(s) seated fully into the DHP connectors at one
end, and connected to the headstage at the other end

Also verify the HTU jumpers are in the proper positions, as
described in Section 3.1, “Connections and Power-up” on page 62.

If none of the above steps locate the problem, try using a different
audio cable (1/8” stereo). If you have a USB audio interface, move
it to a different USB port on the PC.

Note: If the problem persists, contact Plexon support at
+1 214-369-4957 or support@plexon.com.
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TIP

? Using “zoom” and “magnification” for a better view
Zoom and magnification are two functions that you will find useful
= for viewing signals.

For historical reasons, the OmniPlex System term “zoom” is used to
describe the process of double clicking on a particular channel so this
single channel expands to fill an entire view. See Section 4.4.1,
“Using the Zoom Feature” on page 120.

You can also use the “magnification” function, which is the
OmniPlex System term for viewing a display at varying degrees of
enlargement or reduction, for example, 1.5 times or 0.8 times the
default height. See Section 4.4.2, “Changing the Magnification” on
page 121.
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3.9 Separating Wideband Signal into Field Potentials and Spikes

So far, you have been working with the wideband signal (WB source), which
after preamplification (analog gain), is digitized at a sampling rate of 40 kHz.
The digitized wideband signal for each channel contains field potentials at lower
frequencies plus a spike-band signal at higher frequencies. Since the field
potentials are typically of a much larger amplitude than the spikes, the net effect
is of spikes “riding on the waves” of field potentials:

! WEB Channel 1 - Continuous

0=

-|EWB Channel1 - Co... E SPKC Channel1 - C... E FP - Continuous Peak Histogram 5n... Pei

In live neural signals, the spike amplitudes are often small compared to the field
potential amplitudes (even smaller than what is shown in the sample image
above).

Release 20

101



3 Startup (with DHP Subsystem)

The OmniPlex System uses software DSP filters in Server to separate the WB
signal into its two primary components:

Lowpeass filtering with a cutoff of approximately 200-300 Hz yields the field
potentials, which are then downsampled to a default sampling rate of 1 kHz
(FP source). The downsampled signal can be processed more efficiently and
helps reduce the size of recording files. As a rule, the sampling rate must be at
least twice the highest frequency component in the signal, and a factor of four
or more is preferable.

: FP Channel 1 - Continuous

¥ VB Channell - C... |4 SPKC Channell - ... | ¥4 FP Channel1 - Co... Peak Histogram

Note: This is an artificial test signal where the “FP component” is a simple low-
frequency (5 Hz) sine wave. Real FPs would be more complex low-frequency
signals.

Highpass filtering with a cutoff of approximately 200-300 Hz yields the
continuous spike signal (SPKC source), sampled at the same 40 kHz rate as
the original wideband signal.

! SPKC Channel1 - Continuous

108

——————————————————————————————————————————
0= 58 108

¥4 \WB Channel1 - Co... | 4 SPKC Channel1 - C... | 4 FP - Continuous | [ P:

102

OmniPlex Neural Data Acquisition System



Informally, you can think of removing the field potentials as “flattening the
baseline” of the wideband signal; without this flattening, it would be impossible
to detect spikes by comparing the continuous signal amplitude against a fixed
voltage threshold.

The OmniPlex System allows you to configure the characteristics of the spike
and FP separator filters and the downsampling, but for these examples, you will
use the default settings. See Appendix B: Separation of Spikes and Field
Potentials Using Digital Filters on page A-4 for details on how to change the
default settings and some of the tradeoffs involved.

3.10 Stopping Data Acquisition

The Stop Data Acquisition button is to the right of the Start Data Acquisition
button:

nfigure Data Window Run Help

j?'@%'ﬂ”@?&]!iﬂ% aeLs
20 x : SPKChann

Or, from the Tasks view, select Sop Data Acquisition (which is only displayed
while data acquisition is running):

: Tasks a0 x

System £

\ Create View Layout for Sources

4, Automatically Cenfigure All Sources

Start Recording Data
B, Stop Data Acquisition

Parameters which you had previously set while data acquisition was running,
such as thresholds, etc. will be preserved when you restart data acquisition.
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4 PlexControl User Interface

4.1 Overview

This chapter provides guidance on using the PlexControl user interface.

To assist you in viewing and interpreting continuous signals (WB, SPKC and
FP), it will be helpful to learn a few more things about the PlexControl user
interface. Although the examples will focus on continuous signals, most of this
information also applies to the other views in PlexControl, such as the ones
displaying detected spike waveforms.

After you start data acquisition, your PlexControl user interface should look
something like the image below. The spikes may look somewhat larger or smaller
- this is not a problem, as long as they aren't clipping.

Note:  As discussed in the previous chapters, for DigiAmp subsystems you might
need to adjust the wideband gain setting to a reasonable value to see spikes
clearly in the user interface. If the spikes appear to be clipped, you should
reduce the wideband gain to avoid clipping. (This note applies to DigiAmp
subsystems only, not to DHP subsystems. In DHP subsystems, the gain is
preset and not user configurable.)

If your layout doesn’t look like the image above, select Create View L ayout for
Sour ces from the View menu, or from the Tasks view at the upper-left of the
main window, as described in Section 2.3, “Starting PlexControl” on page 38 (if
you are using the DigiAmp subsystem) or Section 3.7, “Starting PlexControl” on
page 93 (if you are using the DHP subsystem).

Note:  Create View Layout for Sourcesis in location 6 in the above diagram.
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In the default layout (as shown in the image above), PlexControl shows the
following items in its views - you will already be familiar with some of them
from having worked through the previous tasks:

1 Continuous signals, in multiple tabbed views at lower right.
2 Detected spikes in the multichannel spike view at upper right.

3 An enlarged view of detected spikes for the currently-selected channel in the
main spike view at center-left.

4 Sorted units for the currently-selected channel in the units windows at lower
left.

5 A Properties view at the far left showing settings and properties of the cur-
rently-selected source and the channel within that source. Note that what is
displayed in this view, and therefore which parameters you can access from it,
depends on which source you have selected, either by clicking on a window
displaying that source or by using the source selection button in the toolbar
(as described later).

6 A tasks view showing some common high-level commands, such as starting
and stopping data acquisition and recording, above the Properties view.

7 A set of global mini toolbars in a row just below the menu bar and title bar at
the top of the screen (highlighted in red above).

8 For most of the views, a per-view toolbar which can be toggled on and off
(highlighted by blue rectangles in locations 1, 2 and 3 in the image above).
These toolbars are hidden by default, but can be easily toggled on and off.
For example, in the upper right corner of a view displaying continuous sig-
nals, click the down-arrow to display the toolbar:

: WE - Continuous @

0= 5g 10s
1 T T O O AT T T T T T T s e
15.00 my

mi w

: WB - Continuous

PP | P D | A A | B [ Mag: 100 2 ME IR AT |
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We previously described how double-clicking on any of the multichannel views
causes it to toggle into a single-channel display, and back again. When in
multichannel mode (as in the example shown above), each of the displays has a
current channel, which is indicated by the colored selection rectangle (frame).
Clicking on a channel in a view which is displaying a particular source, for
example, an SPK channel within the multichannel spike view, causes that source
and channel to be selected and its properties to be displayed in the Properties
view at the left side of the window (location 5 in the previous image).

Also, when you select a channel in any of the main sources (WB, SPKC, SPK, or
FP), the corresponding channel in all the other multichannel source views is
identified with a colored rectangle. For example, selecting SPK014 in the
multichannel spike view will cause channels WB014, SPKCO014, and FP014 to be
highlighted as the current channel within each of their respective multichannel
views. However, selecting a channel within a source which does not originate
from the DigiAmp, such as digital event (DI) channels and Auxiliary Analog
Input (AuxAl) channels, does not affect the current channel within other sources.

Besides single-clicking on a specific channel in any multichannel view to select
it, you can select a channel by double-clicking on that channel's row in the
Properties Spreadsheet or Extended Properties Spreadsheet. The currently
selected channel's row number is prefixed with “>>" in the spreadsheet.

Note:  To view the Properties Spreadsheet or the Extended Properties
Spreadsheet, select the appropriate tab under the multichannel spike window
(location 2 in the previous image). For additional details on the spreadsheets,
see Section 4.2, “Properties Spreadsheet and Extended Properties
Spreadsheet” on page 108.

You can rearrange the views and nest them within each other (which causes them
to appear as a row of tabs) to customize the interface slightly or totally
reconfigure it. See Section 13.8, “Advanced User Interface Features” on

page 442 for more details. When first learning to use the OmniPlex® System, it is
recommended that you not make major changes to the layout, so that it will be
easier to follow the examples shown here. However, you may want to make some
of the views larger or smaller, depending on what you are working on and the
aspect ratio of your monitor. The easiest way to do this is to drag the splitter bar
that divides adjacent views, making one larger and the other smaller. As an
example, you can enlarge the lower-right view, which is displaying the
continuous sources.

4.2 Properties Spreadsheet and Extended Properties Spreadsheet

The main Properties Spreadsheet and Extended Properties Spreadsheet display
the properties (settings or parameters) for each channel in the currently selected
source. Depending on the selected source, the set of properties displayed will
vary. Most of properties in the main Properties Spreadsheet can be edited, as
described throughout this user guide, while the Extended Properties Spreadsheet
is not editable.
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Properties Spreadsheet:

i Properties Spreadsheet for 'SPK 2
Name PLX chan | Enabled Gain Threshold% | Num Units| Rec SPK Rec WB | Rec SPKC Rec FP | DRefSPKC| DRefFP | MPX
==1 | SPKOT 1 | 1.000 -15.000 0 4] ] ] ] None Nome  []
2 | sPKoz 2 | 1.000 ~15.000 0 4| C] C] 24| None Nome  i[]
3 |sPKo3 3 [ 1.000 S5.000 o 4| C] C] 4| None None O]
4 | sPKos 4 | 1.000 -15.000 0 | ] O] | None None O
5 | sPros 5 | 1.000 -15.000 0 | O] O] | None None O]
6 | SPKS 8 ] 1.000 -15.000 0 B4 L] L] B4 None None O]
7 |sPko7 7 ] 1.000 ~15.000 0 4 L] O] 4 None None O]
5 | SPKo3 2 | 1.000 ~15.000 0 4| C] C] 24| None None O]
a1 ermcan n A 4 AR AF AAA " A /i — A Y [Yp— —
Il 3

EESPK- Waveformslu Clustersl 303D Clusters @ MultiPIa@ Spectrall 0 3D Spectral l Properties Spreadsh... IE Extended Properties ... I

Extended Properties Spreadsheet

' Extended Properties Spreadsheet for "SPK’ I x

Namg LFF LP Freq LP Type LP Polez| HPF [ HP Freg HP Type HP Poles| Iso Dist LRatio J3 PzeudoF Shart 151 Sorted
»=1 | SPKD off i— — - On 300.0 Bessel 4 2184 10,208 1.515 i2.881 .25 L]
2 |sPKO2 off i— — — On  {300.0 Bessel 4 4288 4713 1.544 2911 025 20.0
3 |SPKO3 off i— — — On 3000 Bessel 4 4147 2088 1.511 (2.896 — 79.0
4 |SPKO4 off i — — — On  300.0 Bessel 4 2734 5.078 1.539 2908 0.25 79.6
5 |SPKOS off i— —_ —_ On 3000 Bessel 4 3629 0.943 1.784 2948 —_ 80.6
6 |SPKOS off i — — — On  300.0 Bessel 4 3674 0.546 1.488 2903 0.25 21.4
7 |SPKOY off i— —_ —_ On 3000 Bessel 4 3248 0.382 1.554 (2898 026 76.8
“_3_ SPKUS __Off — — - On _SUU.D i qessel 4 1._7_72_ 1.383___ 1.523 299?_ U_Zg_ 79.4

|— IR,

-@ SPK - Waveforms J 5] Clustersl 303D Clusters @ MultiPlex E Spectral J &0 3D Spectral l EE Properties Spreadsheetl [Z] Extended Properties Spr... [

4.2.1 Option to Show All Columns in Properties Spreadsheet

An option in the PlexControl Global Options dialog allows the main Properties
Spreadsheet to be displayed in a reduced format, where controls for sources
related to the currently selected source are not shown. The default is to show all
columns.

[] Show full channel names in graphical displays

Show all calumns in Properties Spreadshest

Automatically create Bdended Properties Spreadshest

Automatically create Spectral 30 view

For example, if the SPK (spikes) source is currently selected, the Properties
Spreadsheet will look like this when “all columns” are displayed. Note that
columns are shown for sources related to SPK: WB (wideband), SPKC (spike
continuous) and FP (field potential).

i Properties Spreadsheet for 'SPK!

Name PLX chan | Enabled| Threshold% | Num Units| Rec SPK Rec WB Rec SPKC Rec FP DRef SPKC| DRefFP | MPX
==1 |SPKO0 1 =] -15.000 0 i) 1 1 [ None None ]
2 |SPKO0Z Z -15.000 0 ] ] None None []
3 |SPKOO3 3 -15.000 0 ] ] None None
SPKO04 4 -15.000 0 [] [] None None []
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However, if you uncheck Show all columns:

Show full channel names in graphical displays

Show all columns in Properties Spreadshest

| Automatically create BEdended Properties Spreadshest

| Automatically create Spectral 30 view

then only columns that control the selected source are displayed, for example:

i Properties Spreadsheet for "SPK'
Name PL¥ chan | Enabled| Threshold% | Mum Units| Rec SPK [ MPX
==1 |SPKOM -15.000 0
2 |SPK002 -15.000 0
3 |[SPKOO3 -15.000 0
4 |SPKOD4 -15.000 0

HIRMKE
O
OoOd

The tradeoff is that the reduced view is less cluttered and more logically
consistent, while the original “show all” display gives immediate access to more
controls without having to switch to different sources to see them.

For example, in the above reduced view, you would have to select the SPKC
source (either using the Previous Source / Next Source buttons in the main
toolbar, or by clicking on the tabbed window displaying the SPKC channels) in
order to view and change the Rec SPKC and DRef SPKC options.

N Q@ d | Show Al -|Z-:1.{;H

4
¥ \WE - Contin... | % SPKC - Cont... | [E4 SPKC

| SPELC - Continuous lt
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4.2.2 Creating the Extended Properties Spreadsheet

4.2.3

By default, the system creates the Extended Properties Spreadsheet on startup
and when a Create View Layout for Sourcesis performed. If you do not want it
to be created automatically, deselect the appropriate checkbox on the General
page of the Global Options dialog.

[ Show full channel names in graphical displays

Show all columns in Properties Spreadsheet

| Automatically create Bxdended Properties Spreadshest

Automatically create Spectral 30 view

Contents of the Extended Properties Spreadsheet

The Extended Properties Spreadsheet is a tabular view that is similar in
appearance to the standard main Properties Spreadsheet. It is used for
informational and monitoring purposes, as opposed to adjusting settings such as
thresholds or referencing. The digital filter properties of the currently selected
source are displayed, and if a spike-related source is selected, spike sorting
quality metrics, if any, are displayed in the Iso Dist, LRatio, J3, PseudoF, Short
ISI and Sorted columns, as shown here (the red lines were added to emphasize
this):

* Extended Properties Spreadsheet for 'SPK* a4 x
Name LPF LP Freg LP Type LP Poles| HPF | HP Freg HP Type |HP Poles] Iso Dist LRatio J3 PseudoF Short ISI | Sorted
==1 | SPKIM off i— —_ On  :300.0 Bessel 4 2184 10208 1515 (2891 0.26 778
2 |SPKDZ off i— — — On  i300.0 Bessel 4 4 286 4713 1.544 2811 025 &0.0
3 |SPKD3 off — — — On  :300.0 Bessel 4 4147 2.086 1511 ;28596 — 79.0
4 |SPKD4 Off i — — — On  :300.0 Bessel 4 2.734 5.078 1.539 2908 0.25 796
5 [SPKOS off i— — — On  :300.0 Bessel 4 3.629 0.843 1.784 (2548 — 806
5 |SPKOG off i— — — On (3000 Bessel 4 3.674 0.645 1.488 2903 0.25 81.4
7 |SPKOT off i— — — On  :300.0 Bessel 4 3248 0.362 1.554 2896 0.26 76.8
& |SPKDE off i— — — On  i300.0 Bessel 4 1772 1.883 1523 12802 025 794
Also note that even though SPK and not SPKC is the selected source in this
example, the relevant SPKC filter settings are displayed for convenience.
Likewise, when SPKC is selected, the SPK sort quality metrics are displayed.
(The sort quality metrics and options are described further in Section 8.10, “Spike
Sorting Quality Metrics” on page 290.)
Note:  Some sources, such as the wideband (WB) and digital input (DI) sources, do
not currently display any information besides their channel names in the
Extended Properties Spreadsheet when they are the currently selected
source.
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4.2.4 Extended Properties Spreadsheet and Filter Control Panel (FCP)

The filter settings shown in the Extended Properties Spreadsheet update
immediately when you change them in the Filter Control Panel (FCP). This is
particularly useful when you are using the FCP to apply different filter settings to
different ranges of channels. You cannot edit the filter settings “in place” in the
spreadsheet—instead, you edit these settings in the FCP.

You can access the FCP from the right-button popup menu in the spreadsheet, as
shown in the image below, and from the View menu dropdown list item or Filter

Control Pand toolbar button ( #%).

: bxtended Properties Spreadsheet for 'FP'
Name LPF | LP Freg LP Type LP Poles| HPF HP Freg HP Type HP Poles

==1 | FPO1 On 200.0 Bessel < Off i — --- -

2 | FPo2 On 2000 Bessel i off I — S _

— el e e T e E= e
— P e e Rl = =

5 | FPos On 2000 j Filter Control Panel... [:\? I """ —_ = :
6 |FPO6  Om 12000 | SortQuality Options.. T
T FPOT On 200.0 ’ o Ty ETy— = —

3 |FPos iOn 12000  |Bessel i4 SO — = e

— i g e R P T e T

Note: The features of the FCP are described in Section 13.5, “Filter Control Panel” on
page 420.
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4.3 Resizing Windows Using the Splitter Bars

1

Move the mouse cursor to the horizontal bar between views and, without
holding down the mouse button, move the mouse up and down across the bar
until you see the cursor change from the standard arrow cursor to the splitter-
dragging cursor:

s Properties SpreadSheet

MMM

hot ECDntinunus P‘eakHistngram Snapshot EC

:_ECDntinuu:uus PeakHistu:ugram Snapshot ECDntil
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2 When you see the cursor change, hold down the left mouse button and drag
to move the divider between the two windows, as shown below. The divider
displays as a gray bar while you are dragging it. Release the left button when
you are done resizing the windows.

If you accidentally drag the entire window (as shown by a large shaded
rectangle being dragged by a normal arrow cursor) instead of dragging the
divider bar, you can cancel this by hitting the ESC key and then releasing the
mouse button.

]EESPK—WavEfDrmS #8 Clusters | 30 2D Clusters | B8 Properties SpreadSheet

i WB - Continuous
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3 Similar instructions apply for adjusting the width of a view; in this case a
vertical splitter-dragging cursor will appear when you hover over the splitter
bar between adjacent views, and you can drag the splitter left or right:

Remember, if you ever have a problem with the window layout, you can
always use the Create View Layout for Sources menu item to restore
everything to the default layout.

TIP
Adjust text size and channel labels

The system allows you to show full channel names in multi-channel
displays (as opposed to the channel number. only, which is the
default). In addition, you can make the font size larger or smaller
than the default size (8 point); these options can be used to optimize
readability across a range of monitor sizes and system channel
counts. To access these options, go to the General tab of the Global
Options page.
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4.4 Using the View Toolbars and Options

In addition to the main set of toolbars located near the top of the PlexControl
main window, several of the views have their own toolbars, for accessing
functionality specific to each view. These toolbars are hidden by default, but can
be easily toggled on and off.

1 For example, in the upper right corner of a view displaying continuous signals,
click the down-arrow to display the toolbar:

: WE - Continuous @

0s 5g 10=
1 T TV O WO TV T 1 O T O T O T TV T T T T T T T T 7 T = e

TIP

? Double-click to return to multichannel display
When a view has the focus (indicated by its title bar displaying in
= orange), you can press the “T” key on the keyboard to toggle its
toolbar on and off.

The view's toolbar is displayed:

: WEB - Continuous
Per | Bl | s e TR I Mag 100 2 M RAR T | &

0= 58 10=
T (I TUET T (T (A T 1 I | (UMW O WY IUTI0 0 T (T LU | A TINIT T ITHTOOwmr

2 You can hover the cursor over each of the buttons in the toolbar to see a
tooltip description of the button's function:

: WEB - Continuous

E T Ao | %R REY  Mag: 100 2 ME IS G T |

(|
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3 If you want to hide the toolbar, for example to save vertical display space,
click the down-arrow in the upper-right corner again:

i WE - Continuous @
P B D s A | R  Mag: 100 2 TR AT | B

0s 5s 10= it
1T O AT T 1 T Iy I 111 o I 1 W W WU =

15.00 mv

-15.00 mv

15,00 mv

- Y u

4 Certain of the functions available in the continuous-view toolbars are
particularly useful in working with the spike-continuous data. For example,
since the amplitude of spikes is usually much smaller than the amplitude of
the wideband signal, you will typically use the magnification feature more
often when working with spikes. To view the spike-continuous (SPKC) view,
click on the tab labeled “SPKC - Continuous”:

i WE - Continuous
PP | B A | s Ao | ot BET Magi 100 2 W R G T | o

0 Ss
w

o L
« NV YAV
| %% W - Continu... [EM Peak Histogra..|| 3% SPKC - Conti... [EBSPKC - Peak .. | 5@ FP - Continu... |4 Al- Continu

ls

TIP

? Click on tabs to display their labels
If the tabs are not displaying their source abbreviations (WB, SPKC,
= etc), you can click on the tabs to cause the source abbreviations to
appear. After the first time you click on a tab, it will maintain its
labeling.
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The SPKC - Continuous view is displayed:

: SPEC - Continuous

1

2 e N )

> e o)

et

¥4 WE - Continu... | [ Peak Histogra... | 5% SPKC -Eénnti... SPKC - Peak ...

5 Note that a toolbar is not displayed - this is because each view can have its
own toolbar, which can be hidden or displayed. To display the toolbar for the
SPKC view, left-click the down arrow at the upper right, as you did with the
WB view.
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6 If you wish, you can drag the tabs into a different left-to-right order. You can
drag tabs to the right or left. For example, to move the FP - Continuous tab
next to the SPKC - Continuous tab, place the cursor on the tab that you want
to move, hold down the left mouse button, and drag to the left. You will see the
tab labels change as the tab you are dragging “steps” left, one tab position at
a time. Release the left button when the tab you are dragging reaches the
desired position:

: FP - Continuous
0s

4

EWB - Continuous E SPKC - Continuous Peak Histogram Snapshot E FP - Continuous mActivity [ Firing Rates
FP - Continuous }

: FP - Continuous

%4 WB - Continuous | 54 SPKC - Continuous | 34 FP - Continuous |8 Peak Histogram Snapshot | fl] Activity | [l Firing Rates

Release 20 119



4 PlexControl User Interface

If you accidentally drag the entire view (as shown by a large shaded rectangle
being dragged by a normal arrow cursor) instead of dragging the tab, you can
cancel this by hitting the ESC key and then releasing the mouse button.

]EE SPK - Waveforms | B Clusters | 303D Clusters Properties SpreadSheet

+ & X i FP- Continuous
10=

EWB - Continuous E SPKC - Continuous Peak Histogram Snapshot E FP - Continucus mhct

Once you have adjusted the size of the views to your liking, the three most
common viewing adjustments that you will make for continuous data are
changing the magnification (vertical scaling), the sweep rate, and the number
of channels displayed in a view.

4.4.1 Using the Zoom Feature

First, to get a better look at the signal from an individual channel, for example
Channel 1 in the image below, double-click inside of the first row, labeled “1” at
the left.

: WEB - Cantinuous

4

]EWE - Continuous Peak Histogram Snapshot E Continuous
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This will expand that channel's display so that it occupies the entire WB -
Continuous view; note that the view's title bar now shows “WB Channel 1 -
Continuous” instead of the previous “WB - Continuous”:

: WEB Channel 1 - Continuous

]EWB Channel 1 - Continuous Peak Histogram Snapshot ﬁ Continuous

If you now double-click on the zoomed-in single channel, it will revert back to
the multi-channel view. Before proceeding, make sure the view is zoomed in on
channel 1 as shown above.

4.4.2 Changing the Magnification

In the OmniPlex System, “magnification” refers to the vertical scaling of the
contents of a view, usually either continuous signals or the waveforms of detected
spikes. It does not affect the data itself, only your view of it. You can change the
magnification by any of the following methods:

* Rolling the mouse wheel
» Typing a new magnification factor into the “Mag:” value in the toolbar
* Clicking on the up/down arrows to the right of the magnification value

* Clicking on the MAG=1 button to restore the magnification to 1.0

These methods are described below.

Rolling the mouse wheel:

You can use the mouse wheel to adjust the magnification in zoomed (single-
channel) spike and continuous views, in the same way as in the 2D and 3D cluster
views. Adjusting the magnification in the main spike window (current channel
display) will by default also change the magnification in the multichannel spike
window. The effect is exactly the same as using the magnification up/down
arrows in the corresponding toolbar (see below). In a multichannel continuous
view, you must double-click an individual channel to zoom it into single-channel
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mode before the mouse wheel can be used to adjust magnification; this is because
in multi-channel mode, the mouse wheel is used to scroll the display up and down
through the list of channels, and so is not available for magnification control.

Note:

You can also use the mouse to adjust magnification by holding down the right

mouse button and dragging vertically in a window while holding down the Shift
key. This method is somewhat awkward, but it allows slightly more control over
the degree of magnification than the mouse wheel method.

Typing in a new magnification factor:

: SPKC - Continuous

P2 | B @ | 35 Ae | % 1R Mag::rl"f KA T | L

0=

18 28

Clicking on the up/down arrows to change magnification factor:

: SPKC - Continuous

PP | B e orT pet r'u“lag:fiIs BAT 15_

Lo View Magnification Factor

Clicking on the “MAG=1" button to restore the magnification to 1.0:

: SPEC - Continuous

P o7 | 5 oFT 25T | Mag: 1.00 3MEUE R T |

|

N 111 T 0 Ty -|.|| T F{EE Et r'v'1BE|I'Iifil:atiC|'l T

If you double-click within one channel's display area within the view, which
expands it to fill the entire view, additional information becomes available. At the
bottom of the PlexControl main window, the status bar continuously displays the
time and voltage corresponding to the cursor position, as you move the cursor
within the view. For example, you can point to a spike peak to get an approximate
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measurement of its amplitude. Note that the time displayed here is absolute time
since data acquisition started.

35 4z 5

7.50 mv

AR WI‘ L Hk” TR M"”II'III Il |||"|M||||

-7.50 mv

Snapshot ECnntinuDus ECnntinuuus mﬁkctivit}r M Firing Rates

t 3111.525 sec Vi -4.44 mV Drops: 0

TIP

? Pause the display for convenient viewing
Paus.ing the display, as descriqu later, makes it easier to point gt
M specific parts of the displayed signal. The time/voltage readout in the
status bar will still track the moving cursor position, even if the
display is paused.
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Note that the amplitude bar at the right end of the continuous displays is marked
with minimum and maximum values, but the top and bottom of the bar are at 75%
of the actual minimum and maximum values for the display. In the example
shown below, the actual amplitude range of the display extends beyond the top
and bottom of the scale bar, all the way to the very top and bottom of the black
background area. In this case, the actual minimum and maximum displayable
amplitudes are -10 mV and +10 mV.

35 4z 5

-7.50 mv

AR WI‘ L Hk” TR M"”II'III Il |||"|M||||

Snapshot ECnntinuDus ECnntinuuus mhctivit}r M Firing Rates

Note:  To set all magnifications to the same value, see Section 4.4.7, “Using the Same
Magnification for All Channels” on page 130.
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4.4.3 Changing the Sweep Rate

You can change the horizontal sweep (scroll) rate of the continuous displays
using the Sweep Faster (“+” icon) and Sweep Slower (“—” icon) buttons in the
toolbar:

: SPEC - Continuous

PP | B Gz A | N7 B8 Mag: 100 3 M IRIA T |
IIII.III::III-EEII [ | I 1

=l

: SPELC - Continuous
PP | B | s A | %RT BEY | Mag: 1.00 2 g};'[ |

0= 10= c

e e SWEED Slower

The time scale along the top edge of the continuous view is redrawn to show the
new sweep speed.
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4.4.4 Changing Number of Channels Displayed in a View (Continuous
Channels)

You can change the number of channels displayed together in a view with the
More Channels and Fewer Channels buttons in the toolbar.

: SPKC - Continuous

2 | B G| 3 A | %% B | Mag: 200 2 F t@%t‘%l _

8

EWB - Continuous E SPKC - Continuous Peak Histogram Snapshot Peak |

: SPKC - Continuous

o7 | B Iz oeT PET | Mag: 200 = TF | & S [lk_'

0s

18 25
Fewer Channels
TR T O T T ey |

EWB - Continucus E SPKC - Centinuous Peak Histogram Snapshot Peak Histo
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You can use the Shift and Ctrl keys on your keyboard for additional options
when displaying more channels or fewer channels.

» Pressing the Ctrl key while clicking the More Channels or Fewer Channels
button toggles the number of channels displayed to twice the original number
or half of the original number.

» Pressing Shift+Ctrl while clicking the M ore Channels or Fewer Channels
button toggles between showing all channels and showing one channel.

If you are viewing fewer than the total number of channels, you can use the
scrollbar and scroll arrows at the right side of the view to scroll other channels in
and out of the view:

20s .
IO T T N 1 [
750 mJ

-750 myd
VT T O
7H0mJS

-F.50 my¢
IR O 1
FH0mJS

4.4.5 Pausing the Displays

A feature related to changing the sweep speed, but which applies to all views, not
just continuous views, is Display Pause, which freezes all graphical displays. To

pause the display, click on the Display Pause button in the main OmniPlex
toolbar at the top of the main window:

3 Blaaman
E - Waveforms

Display Pause

Help

) o o
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4.4.6

All animated views will be paused until you click the button again. Note that this
has no effect on the acquisition, processing, or recording of data, which will
continue as before. It is simply a handy way to “freeze” data views so that you
can inspect them in a static state. Do not confuse this with snapshots, which are
described later. Pausing the display does not take a snapshot, and displaying a
snapshot only freezes the view.

Using the Continuous View Options

There are a number of display options associated with each view. Each view's
options, which can be set independently, are accessed by clicking the Options
button in its toolbar:

: SPEC Channel 1 - Continuous

L7 | B D s EMag;:l.ﬂn:*lTﬁkt%T

s rtn:n_ <
BRI o AR RRIALT RO

%l

(I I L "Mwl LARIA RN uppu|m||| NIANE

Note:  The other Options button—Global Options ('-"5E )—accesses shapshot
options, which will be described later.
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When you click the Options button, the Continuous View Options dialog is

displayed:

Continucus View Options

2]

Display | Sources

Channel Grid

Size: Rows: o = Columns : 1 [ Zoom with Chain

Show Channel Mumber Labels [] allow Toggling to Show Snapshot

Showe Tick Marks for Assodated Sorting Source Spikes

Sweep Mode
| Show Time Scal ‘
oW Time Scale () Standalone
| Show Voltage Scal 2
ow Voltage Scale @ Master
Show Threshold (when zoomed) ) Slave

Maanification

IIse Same Magnification for all Channels
[] chain Control

[ oK ][ Cancel ]

Some of the options should be self-explanatory, or are advanced options, and will
not be described here. Two that will be described are Use Same M agnification

for all Channels, and Chain Control.

Release 20

129



4 PlexControl User Interface

4.4.7 Using the Same Magnification for All Channels

Note:  For basic zoom and magnification options, see Section 4.4.1, “Using the Zoom
Feature” on page 120 and Section 4.4.2, “Changing the Magnification” on
page 121.

By default, changing the magnification value in a view's toolbar affects all the
channels in a view. However, by unchecking Use Same M agnification for all
Channels, each channel can have its own magnification value, which can be
useful when the signal amplitude varies widely from channel to channel.

Continuous View Options @
Display | Sources

Channel Grid

Size: Rows: o = Columns : 1 [] Zoom with Chain

Show Channel Mumber Labels [ allow Toggling to Show Snapshot

Showe Tick Marks for Assodated Sorting Source Spikes

Sweep Mode

| Show Time Scal _

TimeE seal () Standalone
| Show Voltage Scal _

ow Voltage Scale @ Master

| show Threshaold (wh d _

ow Threshold (when zoomed) © Slave
Maagnification

C Ilse Same Magnification for all Channels )
[T chain Contral
QK ] [ Cancel Apply
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When the Use Same M agnification for all Channels option is unchecked, you
must select a channel by clicking on it before adjusting its magnification. In this
example, only channel 5, which is selected, has had its magnification increased to
2.0, while the other channels remain at their default magnification of 1.0:

: SPEC - Continuous

7| B | P e [T BB [ Mag 200 2 ISR T | 2

Os 15 25
T T T ITT T OO T - W T P07 17T (W AT 0 (00T T 7T N

TIP
c? Changing magnification on the selected channel
If you change the magnification value in the toolbar and don't see any

o change in the magnification, check to make sure that the selected
channel is visible; you may need to use the scrollbar to bring it into
view.
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4.4.8 Using Chain Control

Chain Control magnification is selectable in the Continuous View Options
window.

F "|
Continuous View Opticns @
Display |

Channel Grid
Size: Rows: 4 = Columns : 1 [¥] Zoom with Chain

-

Show Channel Mumber Labels [ allow Toagling to Show Snapshot

Show Tick Marks for Associated Sorting Source Spikes

Sweep Mode
| Show Time Scal F
o Time Scale () Standalone
| Show Voltage Scal =
ow Voltage Scale (@ Master
Show Threshold (when zoomed) ) Slave

Magnification

Ise Same Magnification for all Channels

( [¥] Chain Contral )

| ok || cancel || apply |

ke a

To understand how Chain Control works, remember the topology diagram that
is displayed in Server, which shows chains of hardware and software devices,
feeding data downward along chains, ending in the Main Datapool where it is
read by PlexControl. Here, we are interested in the chain of sources from the
DigiAmp, through the spike separator, thresholder, and spike sorter - you can
think of this as the “spike chain”:
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............. Plexcn Digidmp \1 r &3 WEB

............. ‘e e J

SpitEEEpa.ratnrjr#-#:EF"KC a0

Three of the sources in the spike chain have their data displayed in views in
PlexControl: continuous wideband (WB) data from the DigiAmp Amplifier is
displayed in one continuous view, continuous spike data (SPKC) in another
continuous view, and sorted spikes (SPK) in two other views (the multichannel
spike view and the current channel spike view. The idea behind chain control is
that changing the magnification in one view will automatically change the
magnification in other views which also have Chain Control enabled. The usual
case where you would use Chain Control is to cause a magnification change in
any spike view (SPKC view or the two SPK views) to affect the other spike
views. To do so, simply enable Chain Control in the Continuous View Options
dialog, in the views which you want to respond to magnification changes from
other views for the same source chain.

Note that you will usually not want to enable Chain Control for a view
displaying wideband (WB) data. This is because the wideband and FP signals are
usually of a larger amplitude than the spikes, and so the spike views will typically
use a higher magnification value than wideband or FP views.
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You can use Chain Control and Use Same Magnification for all Channelsin
combination; for example, if Chain Control is enabled and Use Same
Magnification for all Channelsis disabled, changing the magnification of
channel 23 in the SPKC view will affect only the magnification of channel 23 in
the two SPK views, and vice versa.

TIP

? Understanding the source associated with the
thresholding device
The observant reader will have noticed that the source associated
with the thresholding device is not sent to the Main Datapool. This is
because it consists of unsorted spikes, and the only use for those
spikes is to serve as the input for the sorting device. You can think of
the source associated with the thresholding device as an “internal
source” which can be safely ignored.
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4.49 Auto-Magnify All Spike Views

The Auto-Magnify All Spike Views command is accessed from the Window
menu.

File View Display Configure Data | Window | Run  Help

Layout 3

Theme 3

% Create View Layout for Sources

Auto-Magnify All Spike Views

Customize..,

The default behavior for this command is for each channel to be auto-magnified
independently, so that all channels’ signals are clearly visible.

If you hold down the CTRL key when you select this command, the system
determines the magnification for the SPKC channel with the largest amplitude,
and applies that same magnification factor to all other SPKC channels, so the
relative magnitudes are preserved visually.

Also, when you perform an Auto-Magnify All Spike Views command, the setting
of the Use Same Magnification for all Channels option in the affected views will
be automatically adjusted if appropriate. For example, if you do an Auto-Magnify
with independent per-channel magnifications (the default behavior), the Use
Same option will be disabled; conversely, if you Auto-Magnify with the same
magnification applied to all channels, the option will be enabled. This usually
prevents unexpected results when you manually adjust magnification after having
done an Auto-Magnify, but you can change the setting of the Use Same option at
any time if desired.

Note that when you first start PlexControl, the SPKC (spike continuous) view is
hidden under the WB (wideband continuous) view, and in fact the SPKC view is
not initialized until the first time you click its tab to view it. If you perform an
Auto-Magnify before the SPKC view has been viewed for the first time, SPKC
will not be updated by the Auto-Magnify. If you see that SPKC has not been auto
magnified, simply select the Auto-Magnify command again to update all the SPK
and SPKC views.
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4 PlexControl User Interface

4.5 Using the Toolbar Auto Hide Button

The illustration below shows a typical window title bar. It contains (from left to
right) a Title, an Auto Hide button, a M aximize button, and a Close button.

: Properties 0Ox
-I KBD (Source #8)

Auto Hide Button &/ - The Auto Hide button “pins” a window to the
screen to keep it visible or “rolls up” a visible window into a tab. When the
window is pinned, the push pin in the Auto Hide button points in a vertical
direction. If the window is rolled up, the push pin points in a horizontal
direction.

my

Maximize Button - The M aximize button may not appear on all

windows. It is the standard Windows® maximize button. Clicking the

M aximize button on a window will maximize the original window and hide
other windows occupying the same horizontal or vertical space. Clicking the
M aximize button again will restore the previous layout. When clicked the

image on the button toggles between one window and overlapping windows.

Close Button ! - The Close button closes the window.

4.6 Advanced User Interface Options

If you would like to further customize the layout of views and toolbars in
PlexControl, see Section 13.8, “Advanced User Interface Features” on page 442.
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5 Spike Detection

5.1 Spike Detection by Thresholding

In spike detection, the amplitude of the SPKC signal is compared, point-by-point,
against a per-channel threshold amplitude value. When the SPKC signal crosses
the threshold value, a segment of the SPKC signal (by default in the

OmniPlex® System, eight points preceding the threshold crossing and 24 points
following the threshold crossing, for a total length of 800 microseconds) is used
to define a spike waveform, which is then output on the corresponding channel of
the SPK source. Spike detection operates continuously on the incoming SPKC
signal, outputting spike waveforms in sequential order as they are detected on
each channel.

Spikes on a channel typically have a larger negative peak amplitude, and so the
default thresholding in the OmniPlex System is “on the negative side,” but a
positive threshold can be defined, if the spikes on a given channel have larger
positive peaks. The threshold value must be large enough (far enough from the
zero volts baseline, in whichever direction) to avoid false triggering on low-
amplitude noise, but not so high that low-amplitude spikes are missed.

A common mistake is to set thresholds too low, motivated by a desire to “not
miss any spikes”; however, in addition to incorrectly detecting noise as spikes,
this can cause parts of valid spikes to be missed, if a noise-triggered detection
occurs immediately before a valid spike. While thresholds can be set manually
for each channel, as described later, the problems just described can largely be
avoided by taking a continuous snapshot of the SPKC signal and using
PlexControl's auto-thresholding feature to set the thresholds in a consistent, well-
defined way. Auto-thresholding is also much faster than setting thresholds
manually, especially for systems with many channels.
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5.2 Working with Snapshots

The OmniPlex System has the ability to take snapshots of continuous data or
detected spike waveforms. A snapshot can be thought of as a temporary copy of
the incoming data, containing either a given number of seconds of continuous
data, or either a given number of seconds worth of spikes, or a given fixed
number of spikes. Here are some examples of typical snapshots:

* A snapshot consisting of 10 seconds of continuous spike (SPKC) data for
each of 64 channels, with the snapshots collected (taken) in parallel; a 10-
second snapshot will contain 400,000 samples per channel at a 40 kHz
sampling rate

* A snapshot consisting of 500 spikes on each of 64 channels, with the snapshot
collection starting at the same time on each channel, but ending on each
channel at the time when 500 spikes have been collected on that channel;
depending on the firing rates, some channels will complete their snapshot
collection before others

» A snapshot consisting of 10 seconds of spikes on each of 64 channels;
depending on the firing rates, some channels will have more spikes in their
snapshot than others

Snapshots are useful purposes such as determining the statistics of a continuous
signal for use in auto-thresholding, or for capturing a set of spikes for use in
manual or automatic spike sorting. When you are manually defining units for
spike sorting, as described later, you can define the units either directly “on” the
live, animated data, or on a static snapshot; which you use is a matter of
preference, and of the dynamics of the incoming data. You can capture a fresh
snapshot at any time, and the snapshots for different sources (e.g. SPKC versus
SPK) are independent for the most part.

TIP

? Toggling between viewing live spikes and snapshots
The OmniPlex System allows you to define, edit and delete sorted
= units for a spike channel while viewing either the live incoming
spikes or a snapshot of previously captured spikes. You can toggle
between these two viewing modes without causing any interruption
to defining, editing or deleting sorted units. See Section 8.5,
“Snapshot Mode versus Live Display” on page 255.
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5 Spike Detection

TIP
Forward and backward snapshots

For performance reasons, the OmniPlex System only allows a
forward snapshot to be taken of continuous sources. You can think of
a forward snapshot as a command to “start collecting continuous data
for the snapshot, starting now and going forward” for the duration of
the snapshot, e.g. for the next 10 seconds. On the other hand, a spike
source (SPK) can have either a forward snapshot or a backward
snapshot. A backward snapshot is in effect a command to use the last
N seconds or N spikes of “old” data as the snapshot. A backward
snapshot is useful in that you see the data that will be captured for the
snapshot, then capture it; in comparison, when you start a forward
snapshot, you have yet to see the data that will be collected for the
snapshot. Also, backward snapshot can be taken instantly, whereas
you must wait for a forward snapshot to be collected. Forward and
backward snapshots only differ in how the data is collected; once the
snapshot has been taken by either method, there is no difference in
the way it is used.

TIP

Collecting a snapshot for an individual channel

You can also collect snapshots for individual channels one at a time,
by collecting a snapshot in a view where only a single channel is
displayed, as opposed to in a multichannel view. Details of this will
not be discussed here. Usually, you will want to take a snapshot of all
the channels in a source at the same time.

The most common use of the continuous snapshot is to automatically set the
thresholds that are used for spike detection, as described in the following
sections. Using snapshots for spike sorting will be described in a later section.
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5.3 Using a Continuous Snapshot to Set Thresholds Automatically

1 If it is not already visible, click the SPKC - Continuous tab to display the
continuous spike signal. If only one channel is displayed, double-click
anywhere within the display area to return to multichannel display mode. You
do not need to display every channel; as long as two or more channels are
displayed, you are in multichannel mode, and snapshot collection and
analysis will be applied to all channels, even the ones that are not visible
onscreen.

: SPEC - Continuous

7Bl D s A TP (Mag: 200 3 IS AT | B

0= 18

5 28
A OC AR LRI A8 A4 RO

EWB - Continuous ﬁ 5PKC ; Continuous SPKC Channel 1 - Peak Histogram

Lz
| SPELC - Continuous |
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5 Spike Detection

2 Click on the Snapshot Options button in the toolbar (not the Options button
to its left):

: SPEC - Continuous
L7 | Bl D) 3 e ol mag: 200 2 I RAT LB
TR

0= h—- . 25
TTTTITT TTTTTTIIT T e e 11T T T T 77

3 The Snapshot Options for the SPKC view are displayed. You can see that
the default length of a snapshot of continuous data is 10 seconds, and that the
first time that you collect a SPKC snapshot, the snapshot will be used to
automatically set the thresholds for the SPKC source:

Continuous Snapshot Options et S

Collection | Auto Gain | Auto Threshold | Sources

Source ¢ SPKC

Snapshot Buffer

Buffer Size : | seconds

When a new Snapshot first becomes available for a channel:

| Perform Auto-Thresholding |_|

[ P —

1]
I
[=]

OK ] | Cancel App
TIP
? Increase snapshot length with caution
Increasing the length of the snapshot above the default length of 10

= seconds should be done with caution, since this will also increase the
amount of time require to process the snapshot.
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TIP
Auto-Threshold option and button

If you disable the “Perform Auto-Thresholding” option, snapshots

=
< can still be collected, but you will have to use the Auto-Threshold
button in the toolbar to perform an auto-threshold, using the most
recently collected snapshot.
: SPKC - Continuous
P 7| Bl @34 ot B Mag 100 2 MF ST | B
0= * Co
et L Ll Perform Auto Thresholding on the Current Snapshot (All Channels)
N I 1T N WOV IO T T T I NN T T T WU UTUOrT Oy (v s o T [T WA i
N I 1T N WOV IO T T T I NN T T T WU UTUOrT Oy (v s o T [T WA i
EWB - Continuous E SPEC - Continucus Peak Histogram Snapshot E Continuous _I
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5 Spike Detection

4 If you select the Auto Threshold tab, you will see the default settings that will
be used for auto-thresholding:

Continucus Snapsheot Options ﬁ

Collection | Auto Gain | Auto Threshold |Source5|

OnSource: |5 5PK

Set the threshold at: 4 sigma Threshold Sign
() Positive
@ MNegative

() The sign of the mean signal

Ok ][ Cancel H Apply l

As you will see below, when a continuous snapshot is collected, the

OmniPlex® System uses it to derive per-channel histograms of the peaks in
the continuous signal. The auto-threshold procedure sets the threshold at a
certain number of standard deviations (sigmas) from the mean of this
distribution. Click OK or Cancel to dismiss the Snapshot Options dialog.
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5 Click the Start Forward Snapshot button in the toolbar to begin the snapshot
collection.

: SPEC - Continuous
i 7 |[mE| D | s de | o B Mag: 200 2 R A T | B
0=

Start Forward Snapshot Collection (All Channels) =3

EWB - Continuous E SPKC - Continucus Peak Histogram Snapshot F
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5 Spike Detection

6

While the snapshot is being collected (by default, for 10 seconds), the Start
Forward Snapshot button changes to the Stop Snapshot Collection button,
a stop sign. Do not click the button, or the snapshot will be aborted.

: SPEC - Continuous

P 7 E!—[». oY P8T | Mag: 200 2 MR A T | &

e 25
'-_..t g z]
peceyemeraspeneny | | IV T ARG R

EWB - Continuous E SPKC - Continucus SPKC Channel 1 - Peak Histogram

Also note that while the snapshot is being collected, the status bar at the
bottom of the main PlexControl window indicates that continuous snapshot
collection is in progress:

PETRPTITY T

¢ | [l Firing Rates

Collecting Continucus Snapshot.. Drops: 0
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Once the collection has completed, the status bar shows that analysis of the
continuous snapshot is in progress; in this case, the analysis consists of the
auto-thresholding.

: mﬁkctivit}r Ml Firing Rates

t ||V Analyzing Continuous Snapshot.. Drops: 0

When the status bar no longer shows “Analyzing Continuous Snapshot,” the
auto-threshold operation is complete. To view the newly-set threshold values,
select the Properties Spreadsheet tab under the multichannel spike window:

| 2B spK - Waveforms | B8] SPK - Clusters | 30 SPK Channel 1 - 3D Clusters | B Properties SpreadSheet for 'SPK’

¢ SPKC - Continuous

PP B | s A | T RET (Magi 100 2 TE SR T | B

Properties SpreadSheet for 'SPK' i

The Properties Spreadsheet shows properties for the channels of the
currently selected source, in this case the SPKC (continuous spike) source.
The Threshold% column shows the threshold values that were just set by the
auto-thresholding of the SPKC snapshot:

: Properties SpreadSheet for 'SPEKC

One Name PL¥ chan | Enabled| Threshold%
==1 { SPRCO0T 257 J -10.747
2 | SPKCODZ ;258 J -10.857
3 | SPKCOO3 ;2535 J -10.855
4 | SPKCOO04 280 J -10.604
5 | SPRCOOS ;281 J -10.754
§ | SPKCODS 282 J -10.704
7T | SPKCOOT ;283 J -10.624
& | SPKCO0E ;264 J -10.758
5 | SPKCO0S 285 J -10.685
10 | SPKCO10 266 J -10.677
11| SPKCO 287 J -10.855
12 | SPKCOM1Z ;288 J -10.718
13 | SPKCO13 ;285 J -10.705
14 | SPRCO14 ;270 J -10.774
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5 Spike Detection

The threshold value in percent is relative to the maximum amplitude that can be
digitized without clipping. For example, if the SPKC view has a range of -5 mV
to +5 mV, and the threshold is -10%, then

5mV *-0.10 =-0.5 mV or -500 microvolts

Remember that, as mentioned previously, the amplitude scale bar at the right end
of the continuous displays indicates the values for -75% and +75% of the actual
minimum and maximum displayable amplitude values. In other words, if the
scale bar extends from -3.75 mV to +3.75 mV, the actual voltage limits before
clipping are -5 mV to +5 mV.

Additional resources and methods
For additional background information on thresholding, refer to Section 5.1,

“Spike Detection by Thresholding” on page 138.

In addition to, or as an alternative to using auto-thresholding to set the thresholds
on all channels at a given number of sigmas from zero, you can adjust thresholds
manually, as described in the next section.
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5.4 Minimum Threshold for Auto-thresholding

In cases where a channel's signal contains only noise, PlexControl's auto-
thresholding procedure may attempt to set a threshold so low that the spike
detector triggers on noise rather than valid spikes. To prevent such behavior, you
can set a minimum threshold value in percent. If the auto-thresholding procedure
attempts to set a threshold whose absolute value is less than the specified
percentage, it will instead set that channel's threshold to -99%, in effect disabling
the channel's spike detector. However, since the channel is not completely
disabled, you can still view the wideband (WB) and spike continuous (SPKC)
signals for that channel, allowing you to continue to monitor it for spiking
activity, adjust the threshold manually, and to take a new snapshot and re-auto-
threshold it if desired. The minimum threshold value only affects auto-
thresholding; you can manually set the threshold to any desired value at any time,
either by dragging the threshold line or by editing the threshold value
numerically.

An appropriate value for the minimum threshold will be data-dependent, but
should be small relative to the thresholds of channels which have obvious spiking
activity, in order to avoid disabling spike detection on channels with valid low
amplitude spikes. For example, if you find that auto-thresholding is producing
thresholds of approximately -10% on spiking channels, you might set a minimum
threshold of 10% / 10 = 1%.

Continuous Snapshot Options I&
Collection | Auto Threshold | Sources

OnSource: |5 SPK
Threshold Sign
Set the threshold at: 4 sigma
) Positive
@ Megative
Minimum threshald @ 1 percent i .

_) The sign of the mean signal

IJse robust statistics to determine thresholds
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5 Spike Detection

5.5 Adjusting Thresholds Manually

There are several different ways that you can manually set or adjust the threshold
on a channel:
* Changing the numeric value of the threshold in the Properties Spreadsheet

* Changing the numeric value of the threshold in the per-channel Properties
view
* Dragging the blue threshold line in the SPKC view

* Dragging the blue threshold line in the single-channel spike view

* Dragging the blue threshold line in the SPKC snapshot peak histogram view
Each of these methods will be described below.

TIP

? Consider using the automatic threshold settings
Keep in mind that automatic threshold setting (Section 5.3, “Using a
= Continuous Snapshot to Set Thresholds Automatically” on page 141)
works well for many scenarios, so manual setting might not be
required for your particular experiment.

5.5.1 Changing the Value of the Threshold in the Properties Spreadsheet

1 1. Click on the threshold cell for the channel you wish to adjust. An edit cursor
appears in the cell and up/down arrow controls are displayed:

: Properties SpreadSheet for "'WEB'

Name PL¥ chan | Enabled| Threshold% | Mum Units
1 | WBo1 1 " -15.000 0
2 |WBo2 2 " -15.000 0
3 | WB03 3 " -15.000 0
4 | WB04 4 " e 3
5 |wBos 5 7 -15.000 Ti+: 0
§ | WB0S 6 ] T e &
7| WBo7 7 v -15.000 0

2 Click the up/down arrows to adjust the threshold in increments of 1%, or
directly edit the numeric value.

TIP
.? Double-clicking to edit numerical value
(% If you double-click on the numeric value, everything but the minus
= sign (if present) will be selected, and you can type in a new value,
which will replace the old value.
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4

To set several successive channels to the same threshold value, set the first
(lowest numbered) channel to the desired value, as described in steps 1 and
2. Then hold down the left mouse button on the first channel and drag
downward until range of channels up through the last (highest numbered)
channel is selected, and release the left mouse button to complete the

selection:

: Properties SpreadSheet for "WE'

Right-click to display a menu:

MName PL¥ chan | Enabled| Threshold% | Hum Units
1 | WB0O1 1 -15.000 0
2 |wWBoz 2 -15.000 0
3 | WB03 3 -15.000 0
==4 | WB04 4 12000 FHE 0
> | WBOS =
& | WB0G G
T | wWBoT 7
& |WBoz 8
9 | WB0g 9
10 | WB10 10 -15.000 i 0
1| WB11 1 -15.000 s p
12 | WB12 12 [ -15.000 0

yled| Threshold%: | Mum Units| Rec SPK Rec WB Rec SPKC Rec FP DRef SPEC DR
-15.000 0 [ [ Mone Mone
-15.000 0 [l [l Mone None
-15.000 0 [ [ Mone Mone
-12 #fo [l [l Mone Hone
""""" 0 [ [ MNone None
""""" 0 [l [l Mone Hone
y u B
0 [EF] [ _i [ HI| Nnne None

""""" Set All Selected Channels Like Topmost Selected Channel jone

Set All Higher-Numbered Channels Like Selected Channel l} e

one
Select All ==

i =

Set Values for All Channels 5

; =] [ Mone None
0 I [ Mone None
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5 Spike Detection

Click on Set All Selected Channels Like Topmost Selected Channel. The
threshold values of all the channels are changed accordingly.

zd| Threshold%

MNum Units

Rec SPK

Rec

-15.000

-15.000

-15.000

-12.000

Ak

-15.000

-15.000

-15.000

R e R e [ e [ o [ o R o Y o R o O o R o O s O e |

R e e E e e e e e E e

You can set all channels to the same threshold value using the following
technique. First, set the threshold for channel 1 as desired, as described in
steps 1 and 2. Next, left-click on the Threshold column header; clicking on a
column header in the Properties Spreadsheet always selects that entire

column:

[ ]
sedf Threzhold® | Num L
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7 Now right-click and select either of the Set All commands; all channels will
now have the same threshold as the value you set for channel 1:

ed| Threshold% Mum Unitz| Rec SPK RecWB | Rec SPKC Rec FP | DRefSPKC| DI
0 ol 7 Mene Momi

j o 7 ] Mone Mom
0 ol 7 Mene Mom

g 7 . 7 MNone Mo

n 73 2 MNone Mom
% Set All Selected Channels Like Topmost Selected Channel Nl:lnl
Set All Higher-Murnbered Channels Like Selected Channel :E::
Select All Nunn

S

Set Values for All Channels iow

0 ] I I | None Non

0 7 ] Mone Mom

0 V| v Hone Mon

TIP

Set All command can also be used for other columns
The same technique of selecting the column header and then using
the Set All commands can be used for the other columns; for
example, enabling or disabling checkboxes within the “Rec”

columns of recording options.

5.5.2 Changing the Value of the Threshold in the Per-channel Properties

View

The Properties view at the left side of the screen, which displays the properties
for the currently selected source and channel, can also be used to inspect and
adjust the threshold value. Click within the cell to display a set of up/down
arrows, just as in the multichannel Properties Spreadsheet.
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: Properties o0Ox
= WEB (Source #4)

On Device Global Filters

Channel Type Analeg

Channels 64

Channel Grouping Single

Enabled

Record Enabled

Sampling Freq. 40000

(Gain 250

Waveform Length &00

Pre-Threshold 200

Sort Start ]

Sort End 800

Sort Method Template
= Channel 1 on WB (Source #4)

Marmne Wel

Enabled

Record Enabled =

T 0% *

5

Use of the arrows and direct editing of the numeric threshold value is as

described previously.
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5.5.3 Dragging the Threshold Line in the SPKC View

You can also adjust the threshold value graphically, on a display of the continuous
spike signal (SPKC). To do so, click on the SPKC - Continuous tab to display the
SPKC view, if it is not already visible:

: SPEC - Continuous

Os

¥4 B - Continucus | 4 SPKC - Continuous | [E% SPKC Channel 1 - Peak t
bg

The threshold is only displayed when the SPKC view is in single-channel mode,
so double-click on the desired channel to toggle the view into single-channel
mode:

! SPKC Channel 2 - Continucus

EWB - Continuous E SPEC Channel 2 - Continuous SPEC Channel 2 - Pe
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5 Spike Detection

You can use the toolbar buttons to adjust the magnification and sweep speed so
that the SPKC signal is easier to see and work with. Here, we have increased both
the magnification and the sweep speed:

i SPEC Channel 2 - Continuous

PP B == oFT BET | Mag: 225 2 MR & &1

0.0s 05

55 1.0s

%4 \WE - Continuous | 5% SPKC Channel 2 - Continuous | B SPKC Channel 2 - Peak Hisl

Move your mouse cursor over the blue threshold line (see the blue line in the
image above). Notice that the cursor changes to an up/down cursor to indicate
that you can adjust the threshold. Click and drag to move the threshold to the
desired position.

TIP
5? Thresholds at high magnification
At very high magnifications and large threshold values (e.g. 15x
b magnification with a 40% threshold), the blue threshold line can

disappear, due to it being beyond the top or bottom of the displayed
amplitude range, i.e. it's “off the screen.” In such cases, you may
need to set the threshold value numerically, using one of the
previously described methods, or temporarily reduce the
magnification, in order to bring the threshold close enough to zero
that it remains visible when you restore the high magnification.
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Working with threshold settings

If you set a threshold value that is unnecessarily large (i.e. too conservative), it

might cause low-amplitude spikes to be missed, as shown in the following
example.

Threshold set too high (low amplitude spikes might be missed):

: SPKC Channel 2 - Continuous

%

0.0s 0.5= 1.0s

TIP
? View the raster-tick display to see the detected spikes
The raster-tick display along the top edge of the view (in each of the

MG images above) gives immediate visual feedback of the effect of your
threshold changes on the detection of spikes. The tick marks indicate
the times of detected spikes. In the “threshold too large” example

(above), it is clear that many “obvious” spikes are not being detected.
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If you set a threshold value that is “down in the noise” (very close to zero), as
shown in the following example, you can potentially flood the system with the
high number of noise spikes that are generated.

Threshold set too low (in the noise):
: SPEC Channel 2 - Continuous

Al )= oFT I | Mag: 225 * R @ @ T E

0.0= 0.5= 1.0=

| |I“r LT gy pArT rll

You can use the threshold rate limiting feature to help defend against some of
these thresholding problems. See Section 15.4.2, “Threshold Crossing Rate
Limiting” on page 492.

It 1s highly recommended that you perform several “dry run” tests in the intended
usage scenario(s) for your experiment. Based on the results of these tests, you
might decide to set the threshold value higher or lower.

During the dry run tests, check the lower right corner of the status bar and make
sure that the Drop indicator does not appear. If the Drop indicator does appear, it
is possible that your threshold setting is too low and is causing the system to be
flooded with noise spikes. You can reset the Drop indicator to zero using the
Reset Drop Count command in the Data menu. Drops are brief gaps in the data,
but are not errors in timestamping, and data outside of the gaps is not affected.
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Drops: 3

mn PlexControl - PlexControll

i File View Display Configure
iDezH &7 O0HR:)

‘g=| : Tasks

m

=

E System

5 .

E w5y Create View Layout for So

S Automatically Configure 4
E Start Recording Data

Data | Window Run Help

b ) \

Stop Data inel 1 -

®.
a
E Start Recording
1
L

L Stop Data Acquisition

Reset Drop Count

Note:  The presence of the Drop indicator could also indicate interference from a
CPU-intensive application running on the same machine as the OmniPlex

System, so it is advisable to close any unnecessary applications on your PC.

For further guidance on managing CPU usage, see "Performance

considerations in lowest-latency operation" on page A-35.

Note:  Unexpectedly high spike rates can also be produced by non-neural

interference picked up from external noise sources such as electronic devices,

power lines, motors, etc. In such cases, you should try to reduce the
interference by removing or shielding the sources of noise. The OmniPlex
System also provides software filters which can be useful in reducing high

frequency noise. See "Spike lowpass filter" on page A-8.

For additional background information on thresholding, refer to Section 5.1,

“Spike Detection by Thresholding” on page 138.

If you would like additional guidance on optimizing your threshold settings,
please contact Plexon® at +1 214-369-4957 or support@plexon.com.
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5 Spike Detection

5.5.4 Dragging the Threshold Line in the SPKC Snapshot Peak Histogram
View
Although, as described previously, a snapshot of a channel of continuous data
consists of a certain duration of that signal, the OmniPlex System does not
display a SPKC snapshot as a “frozen” segment of the SPKC data; rather, it

displays the peak histogram for the snapshot data, which is considerably more
useful.

1 Click the SPKC - Channel tab which shows the Peak Histogram icon

| E® spkc channel..|; if you have not yet collected a snapshot for that channel, you
will see something like this:

: SPKC Channel1 - Peak Histogram Snapshot > 0 %

B —

Channel 1

%4 WE Channel1 - ... | 88 SPKC Channel1 ... |} SPKC Channel 1 ... | %84 Continuous | [§f] Activity | [l Firing Rates

2 Display the toolbar (if it is not already visible) and click the Start Forward
Snapshot Collection button; note that since we are only viewing one
channel, only that channel's snapshot will be collected:

: SPKC Channel1 - Peak Histogram Snapshot w @ x

Start Forward Snapshot Collection (Channel 1)

& WE Channel1 - ... |58 SPKC Channel 1 ... | B SPKC Channel1 ... | 584 Continuous | ] Activity | [l Firing Rates
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3 A progress bar is displayed as the continuous snapshot is being collected:

: SPKC Channel 1 - Peak Histogram Snapshot - 3 x

i i}

B8 WB Channel1 - ... |54 SPKC Channel1... | [ SPKC Channel1 ... |54 Continuous | fif] Activity | /] Firing Rates

t 534387 pSec Vi 217 mV Collecting Continuous Snapshot... Drops: 0

4 When collection is complete, the peak histogram for the channel is displayed:

: SPKC Channell - Peak Histogram Snapshaot - 3 x

i e AR -

%4 WE Channel 1 - ... | B8 SPKC Channel1 ... | SPKC Channel 1 ... | 84 Continuous | fili] Activity | ] Firing Rates

TIP

? Use the mousewheel to change magnification
You can click anywhere in the histogram window and then use the
M mouse wheel to increase or decrease the horizontal scale as desired.
Changes to this horizontal scale do not affect the threshold value.
For more information about this feature, see the discussion later in
this section,

The peak histogram represents the distribution of peak (local maxima or minima)
values in the SPKC snapshot. The horizontal axis represents amplitude, but in
terms of standard deviations (sigmas) on either side of the mean. Note that since
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5 Spike Detection

the default options for SPKC snapshots are to perform an auto-threshold after the
snapshot is collected, and the default auto-threshold is placed at -4 sigmas, there
is a blue line representing the automatically-set threshold, expressed in terms of
sigmas rather than percent.

In short, the basic idea behind using the peak histogram is that for typical signals,
there will be a large peak in the histogram, centered on zero sigmas, which
corresponds to the noise in the signal - this is because spikes represent a relatively
small percentage of the total duration of the SPKC signal, so noise samples will
tend to be predominant in the distribution. By setting the threshold at or beyond
the point where the “shoulder” of this distribution has its first clear discontinuity,
we reduce the chance that noise will be incorrectly detected as spikes.

Outside of the central noise peak, significant peaks in the histogram, such as the
very prominent one centered at approximately -8 sigmas in the example, usually
represent spikes. You can see how the section of the histogram between
approximately -3 sigmas and -5 sigmas is probably the sum of the tails of the
central noise distribution and the distribution that is centered at -8 sigmas. In this
case, the default auto-threshold value of -4 sigmas is a good compromise between
rejecting low-amplitude noise and missing low-amplitude spikes.

Now that you understand what the blue threshold line means in the histogram
display, you can use the mouse to directly adjust it if desired. Click and drag the
threshold line; when you release the mouse button, the numeric threshold values,
and the blue threshold lines in the other displays, will be updated to show the new
threshold.

i SPKC Channel 1 - Peak Histogram Snapshot

B D35 e 151 B

&% \WE Channel1 - ... | 54 SPKC Channel1l ... | [ SPKC Channel1 ... | &% Continuous | Jil Acti
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To provide an indication of the noise level on each spike continuous (SPKC)
channel, the voltage value corresponding to three standard deviations in the
SPKC peak histogram is displayed (in microvolts) in the lower right corner of the
histogram.

Since the value of sigma is based on the peak histogram, i.e. based on local peaks
in the SPKC signal (which is more informative than the histogram of the raw
SPKC signal, for the purpose of setting thresholds), this value can differ from the
sigma of the raw SPKC signal. Nonetheless, it can be useful as an indication of
relative noise levels and changes in noise levels.

Remember that if you periodically take a new SPKC snapshot to update the
sigma display, you should disable the Perform Auto-Threshold option in the
SPKC snapshot options dialog before taking the additional snapshots, unless you
do want the thresholds to be updated each time.

& N

C 28

Continuous Snapshot Options

Collection | Auto Gain | Auto 111reshold__| Sources |

Source : SPKC

Snapshot Buffer
Buffer Size : 10 seconds

When a new Snapshot first becomes available for a channel:

Darform Auth-Cain | |

|| Perform Auto-Thresholding | |
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5 Spike Detection

Mouse wheel control of magnification in SPKC histogram view

Similar to the way in which you can use the mouse wheel to change the
magnification in single-channel spike and continuous views, you can adjust the
magnification of the SPKC histogram. Simply click in the histogram window and
use the mouse wheel to increase or decrease the magnification as desired.

Before increasing magnification:

! S5PKC Channel 16 - Peak Histogram Snapshot + I x

Channel 16

After increasing magnification:

! 5PKC Channel 16 - Peak Histogram Snapshot > I x

Channel 16

Note that the threshold is unaffected; only the graphical display of the histogram
is scaled.
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5.5.5 Dragging the Threshold Line in the Single-channel Spike View

You can also use the mouse to drag the blue threshold line that is shown in the
main spike view. This is the SPK window which displays an enlarged view of the
channel that is currently selected in the multichannel spike view, with a
background time/voltage grid.

1 Move the cursor over the threshold line until it changes to an up/down arrow
cursor, then click and drag to move the threshold as desired:

2 When you release the mouse button, the Properties view and Properties
Spreadsheet will display the new threshold value as a percentage, and the
blue threshold lines in the other displays will update as well.

Note in particular that the new amplitude threshold is shown on the peak
histogram as the equivalent threshold in sigmas, and vice versa.
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5 Spike Detection

TIP
? Be careful when adjusting thresholds in the main spike

window o | o

= Be careful when adjusting thresholds in the main spike window,
since you are only viewing the detected spikes, not the continuous
spike (SPKC) signal, which is what spike detection is actually
performed on. For example, if you set the threshold very far away
from zero, you will not see any spikes at all in the main spike
window, although of course the SPKC signal is still present and can
be viewed in the SPKC - Continuous view. Similarly, even if you
have an appropriate threshold value set, if the firing rate on the
channel is low, you may only occasionally see spikes, making it
difficult to judge the effect of adjusting the threshold. In such cases,
you should use the SPKC - Continuous view and/or the SPKC peak
histogram to set the threshold, as previously described.

5.5.6 Additional Resources and Methods

For additional background information on thresholding, refer to Section 5.1,
“Spike Detection by Thresholding” on page 138.

In addition to, or as an alternative to manually adjusting the threshold as
discussed in this section, you can use auto-thresholding to set the thresholds on
all channels at a given number of sigmas from zero. See Section 5.3, “Using a
Continuous Snapshot to Set Thresholds Automatically” on page 141.
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5.6 Changing the Spike Extraction Parameters
By default, when the OmniPlex System detects a threshold crossing in the SPKC

data stream, it extracts an 800 microsecond segment and outputs it to the
corresponding channel on the SPK source. The 800 microsecond waveform

segment consists, by default, of a 200 microsecond pre-threshold interval and a

600 microsecond post-threshold interval, with the timestamp for the spike
defined as the time of threshold crossing. You can change these values, for
example to increase the waveform length to capture long, complex action

potentials, or to decrease the length, to avoid capturing an unwanted “noise tail”
when the spikes are shorter.

1

2

E PlexControl - PlexControll

: File View Display Cenfigure

BEF1-IEEXY D

i

indu uandg §

: Tasks

System

Run

520

| Stop Data i

i Create View Layout for Sources

4, Automatically Configure All Sources

| W, Stop Data Acquisition

: Properties 0=
=1 5PK (Source #7)

On Device Basic Sorting

Channel Type Spike

Channels 64

Channel Grouping Single

Enabled

Record Enabled

Sampling Freq. 40000

(Gain o0

Pre-Threshold 200 IT}

Sort End 800

Sort Method Template

%mnﬂﬂgﬂﬂg_

To change the thresholding (spike detection) parameters, you must first stop
data acquisition, either from the main toolbar or the Tasks view:

Once data acquisition has stopped, click in the Properties view at the left to
change the Waveform Length and Pre-Threshold:
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The post-threshold length is not editable, as it is always the difference
between the waveform length and the pre-threshold time (800-200 = 600
microseconds, in this example).

3 To make the new settings take effect, start data acquisition again:

E.‘g PlexControl - PlexControll

! File View Display Confi Run

iD@wH S 70 ik " eige)

gz| @ Tasks 1O x

i

=

c System £

§ P.. Start Data Acquisition
eI VTEW Lay O TOT Sources

ﬁ Load the .pxc file that was last used

Note that changing the waveform length will invalidate a number of the spike
sorting parameters (for example, sorting templates and principal component
analysis (PCA) projections depend on the waveform length, as described later) so
you will usually make any changes to the thresholding parameters before
proceeding to set up spike sorting. If in doubt as to a good waveform length, you
should make the waveform length no longer than necessary to capture the main
features of the spike shape, as seen in the main spike window. Long waveforms
(> 1000 microseconds) should be avoided in most cases.

TIP

Waveform length and pre-threshold cannot be changed
during recording

Since you must first stop data acquisition, note that this also means
that the waveform length and pre/post threshold intervals cannot be
changed during a recording, or while online client programs are
reading live data from the OmniPlex System.

For guidance on increasing the maximum spike waveform length, see Section
5.7, “Maximum Spike Waveform Length” on page 170.
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Dead time

Some thresholding algorithms, such as the one in Plexon's Offline Sorter ', have
the concept of “dead time,” which is an interval of time after each spike detection
during which a thresholding algorithm ignores subsequent threshold crossings.
Currently, the OmniPlex System does not support a fixed dead time. That is, on
the next sample point after the end of an extracted spike, the thresholder starts
scanning the continuous spike signal for the next threshold crossing. If the next
threshold crossing occurs within the next few samples after the end of the
previous spike, it is possible that the pre-threshold interval of the second spike
will overlap the last few points of post-threshold interval of the first spike. If this
causes problems, either in spike sorting or in your data analysis, you should
consider reducing the waveform length and/or the post-threshold interval.

Aligned Extraction

See Section 15.4.4, “Thresholding By Aligned Extraction” on page 495 for
details on aligned extraction, which is an alternative extraction method which can
give results superior to standard thresholding in many cases.
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5.7 Maximum Spike Waveform Length

In most cases, the default waveform length (800 microseconds) should be
adequate. However, the system supports a maximum spike length of 224 points or
(224 * 25 microseconds) = 5600 microseconds = 5.6 milliseconds. To change the
waveform length from its default of 800 microseconds, stop data acquisition and
modify the length in PlexControl:

! Properties 0=
-I SPK (Source #6)

On Device Basic Sorting

Channel Type Spike

Channels 512

Channel Grouping Single

Enabled

Record Enabled

samuling Freg, 40000

Wavetorn Lengtn_[IE :

Hre- Threshold £

Depending on the shape of the spike waveforms, you may also wish to modify the
pre-threshold interval.

The following considerations should be kept in mind when using long
waveforms.

Overlaps / superpositions in the tail of spike waveforms

A common mistake is to set a very long waveform length “to make sure we get
the entire spike.” While it is desirable to capture the full action potential,
remember that the tail of a spike decays into some combination of noise and
action potentials from nearby units. If the waveform length is longer than
necessary, it is more likely that the tail of the spike will unintentionally include
the superposition of a portion or all of other action potentials:
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This is problematic in that these “tail overlaps,” which could be subsequent
firings of the same unit, or action potentials from other cells, will not be detected
and timestamped as separate spikes. In addition, their superposition onto the
initial spike’s shape can be thought of as large-amplitude noise spikes which
make it difficult or impossible to sort the distorted spike shape. When viewed in
PCA feature space, these overlap-corrupted waveforms tend to appear as outliers.

The Plexon Offline Sorter software, Version 4.0 and later, has functionality which
can in some cases “untangle” such overlapped spikes, but this can be a labor-
intensive process, may not succeed in extreme cases, and requires that you record
the continuous wideband or spike-continuous signal. Therefore, you should only
increase the spike length in cases where the action potentials from the cells that
you are recording are in fact significantly longer than the default 800
microseconds, and you should visually check the resulting detected spikes for
excessive overlaps. However, a small percentage of overlaps are unavoidable in
many cases, especially when recording highly active cells, and this can usually be
tolerated without adversely affecting subsequent analyses.

Note that the line sorting and band sorting methods are more robust to the
presence of overlaps in the tail of spike waveforms. In line sorting, you can avoid
drawing sort lines in the tail region, so that sorting is immune to shape distortions
in the tail. With band sorting, you can set narrow band widths in the “important”
middle part of the spike’s shape, and larger widths in the tail. In comparison, with
template sorting you can only adjust a single sum-of-squared-errors tolerance
value for the entire spike, with no way to indicate to the sorting algorithm that
some segments of the spike waveform are more likely to be “clean” than others
(e.g. the tail). Note that although line and band sorting are better able to tolerate
shape distortions that only occur in a subset of the spike, overlapped waveforms
that are unintentionally captured in the tail are still “missed waveforms” which
are not captured and timestamped separately.
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Increased processor load

Acquiring very long spikes can increase the amount of processing power required
to sort, display, and record spikes. As with normal-length spikes, processor load
is also dependent on the number of channels, the spike firing rates, and can be
exacerbated by unnecessarily low thresholds. If setting a large waveform length
appears to cause performance problems or data drops, see "Appendix E: Lowest
Latency Operation and PC Performance Considerations" on page A-31 for more
information on how to monitor processor usage and optimize performance.

Recording: PL2 versus PLX

The PLX legacy file format cannot record spikes longer than 56 points (1400
microseconds). If you attempt to record longer waveforms to a plx file, they will
be truncated in the file so that only the first 56 points are recorded. The PL2
format can record the full 224 point maximum length. Note that with either file
format, acquisition and recording of continuous data (WB, SPKC, FP) are not
affected by the spike waveform length.

User interface

When working with very long spikes, you may find that user interface elements
in the main spike window become too crowded to work with comfortably. In
particular, the editing handles on lines, bands, and templates can overlap, making
it difficult to select and move them. In such cases, making the main spike window
as wide as possible, and/or dragging it to a separate monitor, will make defining
and editing units easier. See Chapter 4, PlexControl User Interface, and Section
13.8, “Advanced User Interface Features” on page 442 for information on how to
resize and rearrange windows within PlexControl.

il
P et AR LY

| O | 0 5 s 5 | e S e 5
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5.8 Advanced Threshold Configuration Options

The Thresholding Configuration dialog offers several tools for adjusting the
thresholding behavior, such as Aligned Extraction. See Section 15.4,
“Thresholding Configuration Options” on page 490.
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6 Basic Spike Sorting

6.1 Overview

6.1.1

6.1.2

6.1.3

Now that you have learned how to configure the OmniPlex® System to correctly
detect spike waveforms, the next step is spike sorting. Spike sorting is the process
of determining, for each detected spike waveform on each channel, which neuron
near the corresponding electrode tip fired. For example, the electrode for channel
5 might be picking up action potentials from three nearby neurons, call them
SPKO05a, SPK05b, and SPK05¢. Informally, we would say “there are three units
on channel 5.” Spike sorting is in effect a classification problem, where incoming
unsorted spike waveforms are sorted into classes a, b, c, etc, each class
corresponding to one neuron. Most spike sorting algorithms are based on the
assumption that each neuron produces action potentials whose shape is
sufficiently distinct from the shape of other neurons' spikes to allow reliable
classification.

The Two Elements of Spike Sorting

It should be emphasized that there are two distinct procedures involved in spike
sorting. The actual sorting of incoming spikes is done in Server, and once
configured, is a process that generally requires little or no user intervention. But
first, PlexControl must determine the spike sorting parameters that Server will
use; for example, how many distinct units are there on each channel, and what are
the sorting parameters for each of those units? The OmniPlex System supports
several methods for both defining the sorting parameters, and for the actual spike
sorting.

OmniPlex System Spike Sorting Methods

The following spike sorting methods, which will be described later, are currently
supported by the OmniPlex System:

» Template sorting

* Line sorting

* Band sorting

* Box sorting

* 2D polygon sorting

The first four sorting methods operate directly on the set of waveforms samples,
i.e. the raw detected spike, while polygon sorting operates on a projection of the
waveform into a two-dimensional feature space. These are the algorithms that run
in the sorting device in Server, sorting incoming spikes in real-time and writing
them to the Main Datapool.

OmniPlex System Unit Definition Methods

The OmniPlex System supports three methods for manually defining units, given
a set of spikes. These are the techniques that are available in PlexControl for your
use; the unit definitions that are created are sent to the sorting device in Server to
perform the actual sorting.
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6.1.4

6.1.5

*  Waveform crossing
* 2D PCA cluster circling
* 3D PCA cluster circling

Any of the unit definition methods can be used to define units for any of the
sorting methods, with the exception of the line and box sorting methods. Line
sorting and box sorting are different in that the unit definition method and the
sorting method are identical for each method; in these two sorting methods, you
graphically specify the sorting parameters, directly “on” the waveforms, as
opposed to the OmniPlex System calculating the sorting parameters from a set of
waveforms.

In this edition of the user guide, we will only cover a subset of the sorting
methods and unit definition methods; others will be described in separate sections

at a later date. You can also contact Plexon® technical support (+1 214-369-4957
or support@plexon.com) for more information.

Automatic Spike Sorting

In addition to methods for manually defining units, the OmniPlex System
provides several auto-sorting algorithms. Automatic sorting, also known as
unsupervised unit classification, can be a challenging problem, especially in
cases where the spike waveforms do not have clearly distinct, unit-specific
shapes, or are noisy. Even in cases where automatic sorting does not provide a
perfect first-pass solution, it can be valuable, especially at high channel counts, in
that it gives you a set of initial unit definitions which you can then adjust and
improve manually. See Section 9.1, “Introduction to Automatic Sorting
(Automatic Unit Finding)” on page 298.

OmniPlex System Spike Sorting as a Toolbox

It's easy to be a bit overwhelmed by the variety of spike sorting and unit
definition techniques that are available in the OmniPlex System, but none of
them, taken individually, are overly complex. Some methods are especially easy
to use when defining units manually (e.g. line sorting), while others are more
suited for use with automatic sorting (e.g. band sorting). As with any toolbox of
techniques, each user will find that they have preferences as to which methods
work best for them, their working methods, and their data.

First we will describe the simplest, and probably most widely used sorting
method, template sorting, and the simplest unit definition method, waveform
crossing. Once you are familiar with this, you will understand a number of
techniques which are applicable to the other methods, which you can then learn at
your convenience.
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6 Basic Spike Sorting

6.2 Selecting Sort Method and Entering Unit Editing Mode

1 As described in previous sections, start data acquisition, set an appropriate
gain and collect an SPKC snapshot, so that suitable thresholds are set on all
channels and spikes are appearing in the multichannel spike window.

Note: Setting the gain is applicable to DigiAmp subsystems, not DHP sub-

systems.

TIP

Set the sorting mode before starting data acquisition

Before starting data acquisition, make sure that the OmniPlex
System is set to the correct sorting mode, as shown in the image

below.

! Properties 10 x
-I SPK (Source #6)
On Device Basic Sorting !
Channel Type Spike !
Channels B4
Channel Grouping Single
Enabled
Record Enabled 7
Sampling Freg. 40000
Gain 250
Waveform Length 800
Pre-Threshold 200
Sort Start ]
Sort End 800
Sort Methed Template
-/ Channel 1 on SPK (Source #6)
Mame SPKDL
Enabled J
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2 In the main spike window, display its toolbar by clicking on the down-arrow at
the upper-right corner of the window:

: SPK Channel 1 - Waveforms ﬂ

3 Make sure that the incoming spikes are displayed at a large enough size that
you can see them clearly; use the Magnification control in the toolbar to
increase the magnification if necessary:

: SPK Channel 1 - Waveforms

LB | B 7 Mag: 'ff orT pEY

-l

Wiew Magnification Factor

Release 20 179



6 Basic Spike Sorting

4

TIP

After adjusting the magnification, click on the Edit Units button:

! SPE Channel 1 - Waveforms

E%ﬁ B @ | &2 Mag: 170 2 "85 orr o]

=l

This enters unit editing mode, in which you can add, delete, and modify units
on the currently selected channel. The unit editing toolbar is displayed below
the main spike toolbar:

! SPK Channel 1 - Waveforms
@ il ¢7 Mag: 170 3 '"ZE | orT EH
: [ ﬂ El /| (Define a unit)

Note how the Edit Units button remains highlighted in the main spike toolbar,
to indicate that you are in unit editing mode. If you click on the Edit Units
button again, you will exit from unit editing mode, and the unit editing toolbar
will disappear. But for now, remain in unit editing mode.

? Click to select a current channel

While in unit editing mode, or at any other time, you can click on any
channel in the multichannel spike window to select it as the current
channel. In other words, you don't have to jump in and out of unit
editing mode to add and delete units on different channels.
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6.3 Adding a New Unit

1 Click the Define New Unit button in the unit editing toolbar:

i SPK Channel 1 - Waveforms

: il : - MAG

:% ﬁ E ¢ Mag: 1.70 = T3¢ | oRT EE

El ﬂ ﬁ | (Define a unit)
3

Define Mew Unit

gl

If you move the cursor over the main area where spikes are being displayed
(do not click yet), you will see that it is now shown as the Add Unit cursor:

: SPK Channel 1 - Waveforms
: 1 : ~ HAE
:@ ﬁ E ¢ Mag: 1.70 = T3 | oRT EE

ﬂ E__Tl . {Define a unit)

[

What you will do next is based on the following scheme. As incoming spikes are
displayed, spikes of similar shape, which are assumed to be spikes originating
from the same neuron, will naturally tend to be grouped into visually identifiable
subsets or “bundles” of waveforms. You will draw a line across each of these
bundles to indicate that those waveforms should be used to calculate a mean
waveform that will be used for template sorting. In other words, the spike
waveforms that cross (intersect) the line you draw will be averaged together and
sent to the spike sorting device in Server, which will use that template waveform
to sort incoming spikes. When defining a unit, the best place to draw a crossing
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line is where the bundles of waveforms are most distinctly separated from each
other. Don't worry if you don't get good results right away - the OmniPlex System
lets you delete a template and start over, and with a little practice, you will get an
intuitive feel for the most effective placement of waveform crossing lines.

2 To add a unit by drawing a waveform crossing line, place the cursor where the
line should start, press the left mouse button, drag to draw the line, and
release the mouse button at the point at which the line should end:

3 When you release the mouse button, the crossing line is removed, and the
template that was created is displayed, with small squares indicating the
points of the template waveform. This is the first defined unit on this channel,
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so it is unit “a.” Incoming spikes that match the new template are now
displayed in a unit-specific color:

So how does the OmniPlex System determine which spikes match a template?
The algorithm for template sorting is based on computing an error measure for
each incoming spike, relative to each template. The error measure is the sum of
squared amplitude differences between the spike and the template waveform,
where the differences are taken between corresponding points (i.e. sample values)
on the spike waveform and the template waveform. Also, when a new template is
computed from a set of waveforms that you selected via waveform crossing, a
multiple of the standard deviation of the set of waveforms is used as the fit
tolerance for that unit, by default one sigma.

In other words, for each incoming spike, the sum-of-squares error between it and
each of the templates for that channel is calculated. To match a template, the error
value for the spike, relative to that template, must be less than the fit tolerance. If
a spike is within the fit tolerance of more than one template, then the unit whose
template yielded the lowest error (closest template fit) wins. If the incoming spike
is not within the fit tolerance of any of the templates that are defined on its
channel, it remains unsorted.

Therefore, the definition of each unit consists of the template waveform and the
associated fit tolerance. Once created, the unit definition is sent from PlexControl
to the sorting device in Server, which immediately begins using it to sort
incoming spikes, which are then displayed in PlexControl in their unit colors.

Note: You can use the mouse to move individual template points, as marked by the
small squares. However, this can be a time consuming process and is
generally unnecessary.
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TIP

? “Unit” and “Unit definition”
Inforrpally, you will often see the terms “unit” and “unit definition”
= used interchangeably.

TIP
? Add several units using this shortcut
Rather than clicking the Add Unit button in the toolbar each time you
=4 wish to add a new unit, you can simply hold down the CTRL key and

draw a crossing line in the main spike window, which is interpreted
as an Add Unit command. An experienced user can quickly add
several units using this shortcut.
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6.4 Changing the Fit Tolerance for a Unit

Sorted and unsorted units for the current channel are also displayed in the Units
window below the main spike window:

: Tosks 20O X : SPK(Channell - Waveforms S
{ 1 B . ~ MAG

:% &1 = 7 Mag: 170 + '155 | oFT pEY B

: Bl - |UnitaFitTol:0033 ! ]

System

iy Create View Layout for
Sources

Y4, Autematically Configure All
Sources

kg Start Recording Data
B, Stop Data Acquisition

: Properties 10 x
- SPK (Source #6)
On Device Basic Sorting
Channel Type Spike
Channels 64
Channel Grouping Single
Enabled
Record Enabled [V
Sampling Freg, | 40000
Gain 250
Waveform Length 800
Pre-Threshold 200

Sort Start i
Sort End &00
Sort Method Template

- Channel 1 on 5PK (Source #6)
Mame SPKO1
Enabled F
Record Enabled [
Threshold -12.093
- Unit a

Fit Tolerance  0.033

Channel|1

! SPK Channel 1 - Units

Unsorted

This is useful, because it reduces the visual clutter and allows you to see what is
being “sorted into” each unit in isolation.

Within the Units Window, the colored highlight rectangle indicates the currently
selected unit, which is analogous to the currently selected source and channel.
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6 Basic Spike Sorting

You can click on a unit in the Units Window to select that unit, which allows you
to perform tasks on it such as changing its fit tolerance or deleting it.

When a unit is selected in the Units Window, its fit tolerance is displayed as both
an editable value in the Properties view at the left, and as a value with an
adjustable slider in the unit editing toolbar:

i Tasks

System

4y Create View Layout for

Sources

B Autormnatically Configure All

Sources

E Start Recording Data

i Properties

- SPK (Source #6)

On Device
Channel Type
Channels

w Stop Data Acquisition

10 x
Basic Sorting
Spike
64

Channel Grouping Single

1 0O X : SPKChannell - Waveforms

) B B O | 2 Mag: 170 3 HF e ST
: B . |unitaFit Tol: 0033 )

»

Enabled

Record Enabled |

Sampling Freq. 40000

Gain 250

Waveform Length 800

Pre-Threshold 200

Sort Start 0

Sort End 800

Sort Method Template
- Channel 1 on SPK (Source #6)

Mame SPED1

Enabled v

Record Enabled  |[&F

Threshaold -12.093

= Unit a

Fit Tolerance | 0.033

i SPK Channel 1 - Units

Unsorted
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If you decrease the fit tolerance, the net effect is to make the template matching
“stricter” - incoming spikes must more closely match the template. If you
increase the tolerance, the template matching becomes “looser” - the error
measure between the spike and the tolerance can be larger, yet still qualify as a
match to the template. As an extreme example, if you only have a single unit
defined on a channel, but the fit tolerance is set to the maximum, then most or all
detected spikes will be sorted as unit “a”:

: 5PK Channel 1 - Waveforms w O
: il &7 Mag: 170 3 "WF| o1 P81 O
] .~ |UnitaFit Tol : 0.118 )

-
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6 Basic Spike Sorting

Conversely, if the fit tolerance is too low, then no units will be sorted as unit “a”:

: SPE Channel 1 - Waveforms -~ 0 X
<7 Mag: 1.70 = '185 | orT EE

Unit a Fit Tol : 0,003 "/

)

Decreasing the tolerance can “tighten up” the sorting of a unit, but risks
excluding valid matches; increasing the tolerance avoids being “too strict,” but
risks creating false matches. PlexControl provides some useful visualization
options that help you to evaluate the effect of your changes to sorting parameters,
and these options can be used with any of the sorting methods.
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6.5 Changing the Default for the Initial Fit Tolerance

As mentioned, the default fit tolerance for a newly created template is one
standard deviation, relative to the set of waveforms used to create the template.
You can change this default value in the Spike Snapshot Options dialog. To
access it, click the toolbar button:

! SPK Channel 1 - Waveforms

2 L BE R &7 Mag: 170 & 'SF | erriesg| o
L

The Spike Snapshot Options dialog is displayed. Adjust the initial fit tolerance
as desired and click OK to accept your changes.
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6 Basic Spike Sorting

Spike Snapshot Options

Collection | Sorting / Auto Sorting | Sort Quality | Sources |

*]

Auto Sort Parameters

Use 3D Feature Space
v] & pa

Algarithm : ['l.n'allvayI Seeking even for 20 Views

Parzen Multiplier 0.7 : ({Larger values produce fewer units)
DOF Mulkiplier 5 = (Larget values produce Fewer units)
Peak Sigmas 1 = (Larger values produce Fewer units)

Auto-merge after auto-sort | 0.5 Tolerance {larger = Fewer units)

[ Initial Fit Tolerances for Template Units \
(71 Set to a constant value of 0.1

@ Setto 1 times the standard deviation of waveforms

[| Use robust statistics to determine template parameters

Initial Fit Tolerances for Band Units
@setto 3 times the standard deviation of waveforms
[]Use robust statistics to determine band parameters

(71 Set to min/max of waveforms

Initial Fit Tolerances for Line Units
@setto 3 times the standard deviation of waveforms

[]Use robust statistics to determine band parameters

\ (71 Set to min/max of waveforms j
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6.6 The Short-ISI Indicator

In cases where “too-loose” sorting parameters are causing too many spikes to be
sorted into a given unit, one possible indication of the problem is that the firing
rate of the spikes for that unit is too high; in other words, it's unlikely that one
neuron could have produced that many action potentials per second. In the Units
window, the Short-ISI Indicator is a red bar and associated value for the
percentage of spikes that have an inter-spike interval (ISI) less than the refractory
period (i.e. recovery interval) of a single neuron:

: SPK Channel 1 - Units
Un=zorted

In effect, the Short-ISI Indicator is a warning that the current sorting parameters
are resulting in sorted spikes that do not correspond to a physiologically plausible
scenario. By default, the OmniPlex System assumes that the minimum refractory
period for a unit is one millisecond, i.e. a I kHz maximum firing rate. You can
change this default (typically to reduce it) by displaying the toolbar for the Units
window and clicking the Options button:

! SPE Channel 1 - Units

B o oS
Un=sorted h‘ Unit a
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6 Basic Spike Sorting

The Units View Options dialog is displayed. You can set the value of the
minimum ISI, as well as the scaling of the red warning bar:

Rt Vaow Options

Units Display Options |

Channel Grid

Size: Rows: |1

Update Mode for Live Data

Erase every 10 secs

Erase Mode :

Minimum Units to Show : 5

Spike Waveform Displays and Short-ISI Warnings

Show Channel Mumber Labels

(@ Standalone

Columns : 1 [] Zoom with Chain

Allow Toggling to Show Snapshot
(I Master (! Slave

r

= Show Unsorted

Short Inter-Spike Interval Warning
Minimum Refractory Period :

%% of Short ISI for Full Short-ISI Bar Height

1000

10

(@ Mone (waveforms only)
) 151 Histograms

Mumber of Bins 100

() Autocorrelograms

Mumber of Bins 100

Reset histograms every 0

[7] smooth Histograms

Unit Merging

Tolerance 1

I5I Histograms and Autocorrelograms

Bin Width (usec) 1000

Bin Width (usec) 1000

secs (0 = never reset)

Allow multiple merges

Ok ] [ Cancel
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When multiple units are defined on a channel, each is shown in the Units window
with its name and Short-ISI bar:

: SPK Channel 1 - Units
Unsorted

Assuming that you have set a reasonable value for the Minimum Refractory
Period in the Options dialog, the two most common reasons for a high
percentage of Short-ISI spikes are:

* The threshold is set too low and is resulting in a significant number of “noise
spikes” which are being detected at a firing rate higher than would be possible
for an actual neuron

» Two or more units are being incorrectly sorted into a single unit; as an
extreme example of this, if you drew a waveform crossing line across all the
waveforms on a channel, resulting in all spikes being sorted into unit “a,” you
would very likely see a high percentage of Short-ISI spikes, unless the overall

activity on the channel was very low

Note that the Short-ISI bar does not affect the sorting in any way; it is simply a
monitoring tool to alert you to potential sorting problems.

The Short ISI values are displayed in the Extended Properties Spreadsheet, as
described in Section 8.10, “Spike Sorting Quality Metrics” on page 290.
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6 Basic Spike Sorting

6.7 Live ISl and Autocorrelation Histograms in the Units View

The Units view can optionally display either per-unit interspike interval (ISI)
histograms or autocorrelograms, in addition to the usual unit waveforms. These
provide an additional means for monitoring spiking activity and verifying correct
sorting. Three toolbar buttons set the display mode to waveforms-only,
waveforms and ISI histograms, or waveforms and autocorrelograms.

! SPK Channel 5 - Units

Unzorted nit = o
Show unit waveforms

To display ISI histograms:

: SPK Channel 5 - Units

AR sE s RRReOL

waveforms and [SI hi-:-tcgrém:

¢ SPK Channel 7 - Units

To display autocorrelograms:

: SPK Channel 5 - Units

BOEE v sE o E EREO

Unzorted k‘
i S -how unit waveforms and autocorrelograms
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: SPK Channel 7 - Units D

AORE ¢ s o BREOL

Unsored Unit &

Options for the ISI histograms and autocorrelograms can be configured in the
Units view Options dialog:

: SPK Channel 5 - Units

AOEE ¢ = E (e REE L

151 Histograms and Autocorrelograms
Mone (waveforms only)

I5I Histograms

Mumber of Bins 100 Bin Width (usec) 1000

@ Autocorrelograms

Mumber of Bins 100 Bin Width (usec) 1000

Reset histograms every 0 secs (0 = never reset)

Smooth Histograms

The total histogram time width is given by the Number of Binsmultiplied by the
Bin Width. If the total time is T, then for ISI histograms, the time axis runs from
0 to T. For autocorrelograms, the time axis runs from —T/2 to +T/2.

Histograms start with bin counts of 0 and by default, only increment and never
reset; for stable units, this allows the bin counts to become large enough that the
shape of the histogram becomes evident, but you may wish to try finite refresh
times, e.g. 30 seconds, to check for changes in the histogram over time. But be
aware that after a reset, the histograms will appear somewhat random until the bin
counts increase.

Each histogram is displayed with its height normalized, i.e. the largest bin count
equals full height, no matter what that largest bin count is. This is done so that the
histogram of a slowly firing unit doesn’t “disappear” relative to a fast-firing unit.
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6 Basic Spike Sorting

In other words, it is assumed that what is important, for the purposes of
monitoring sorting quality, is the shape of this histogram, not the absolute height.

Smooth Histograms applies a simple smoothing filter to the bin counts before
display. This reduces the noisiness of the histogram, but be aware that it will also
smooth out the critical area near 0, and make any “notch” at 0 (a sign of a good
unit) less sharp.
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6.8 Deleting a Unit

1 To delete a unit, select it by clicking on it in the Units window:

: SPK Channel 1 - Units
AR o B o Hk

Unsorted Unit b Unit ¢

2 To delete the selected unit, click the Delete Unit button in the toolbar:

: SPK Channel 1 - Units
AT
Flemc‘th Selected Unit

Alternatively, you can right-click in the Units window to display a menu and
select Remove Selected Unit.

Unit b Unit c

&# | Erase

|ﬁ Remove Selected Unit [: |

3t Remove All Units

OFT

Show Options...
Bl Show Snapshot Options...

The selected unit is deleted, and any units which followed it in alphabetical
order are renamed accordingly. For example, if you have units a, b, ¢, and d,
and delete unit ¢, unit d will be renamed to unit c.
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TIP

5? Disabling units without removing and renaming
If you need to disable a unit, but for some reason want to avoid the
= automatic reassignment of unit names that results from deleting a
unit, set the undesired unit's fit tolerance to the minimum value
instead of deleting it. In most cases this will effectively remove that
unit from the sorting process.

3 If you wish to delete all the units on a channel, select Remove All Units from
the right-button menu, or use the Remove All Units button in the toolbar:

¢ SPK Channel 1 - Units
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6.9 Replacing an Existing Unit

Replacing a unit is similar to adding a new unit, except that the new unit will
replace the unit that was selected at the time you clicked the Replace Unit
button:

: SPE Channel1 - Waveforms

@f il (7 Mag: 170 = "E o P2t

‘BEE . | unit b Fit Tol : 0.039 J S|

Replace the Selected Unit

=l

For example, if you have units a, b, ¢, and d, and unit b is selected, clicking
Replace Selected Unit will then overwrite the unit definition for unit b. The
procedure is otherwise identical to that previously described for adding a new
unit. Note that this is not the same as selecting an existing unit and changing its
sorting parameters, such as template tolerance or editing its points; the Replace
Units command completely overwrites the old unit with the new one.
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6.10 Changing the Order of Sorted Units

When you manually define units on a channel, they are labeled in alphabetic
order (a, b, ¢, d...) as you add successive units. When you use automatic sorting,
the unit order is somewhat arbitrary, since in most cases the unit label order has
no meaning — units a and b could equally well be labeled as b and a. However,
some analysis software may expect a particular unit order convention, such as
amplitude order (unit a = largest template amplitude), quality order (unit a =

“best” unit), etc. To support such workflows, the OmniPlex® software allows you
to change the order of units, i.e. the unit labeling, on a channel. You can either
automatically sort the unit order using peak-to-peak template amplitude, or
manually specify the unit order by swapping units.

Ordering units by amplitude

To sort units in order of decreasing peak-to-peak amplitude, use the Order Units
by Amplitude command in the right-button menu of the Units view.

Remove Selected Unit

Remove All Units

& Merge Selected Units...

el Automatically Merge Units
Order Units by Amplitude
Swap Units...

Show Options...
] Show Snapshot Options...

Here is a before-and-after example:

* SPK Channel 2 - Units v 4 X

Unsorted
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* SPK Channel 2 - Units « Il X
Unzorted Unit &

The units are reordered such that the peak-to-peak template amplitudes are in
decreasing order. Note that this command is only supported for sorting methods
which have explicitly defined templates, i.e, template and band sorting.

Note that the changing the unit order by amplitude is a command, not a mode. In
other words, if one or more templates are later modified, deleted or added, the
unit order is not automatically updated; you may need to perform another Order
Units by Amplitude if you wish to maintain the decreasing-amplitude unit
ordering.

Changing unit order by swapping units

You can define any desired unit order by manually swapping pairs of units. From
the same right-button menu shown above, select the Swap Units command. The
Swap Unitsdialog is displayed:

Swap Units X

Select the units to be swapped:

First unit Second unit
®a Oa
Ob @®b
O« Oc
Od Od

m

Cance

Select the pair of units to be swapped and click OK. You can repeat this
procedure as needed to define a desired unit order.
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6.11 Manual and Automatic Unit Merging

The Units view now has functions for manually or automatically merging similar
units. If you know which units you want to merge, you can do a manual merge
and specify exactly which units should be combined into one. To do this, click the
toolbar button for M er ge selected units:

: SPK Channel 5 - Units

BEREE o = oo mEREe

Lnit & Unit b

rge selected units

A dialog box is displayed which allows you to select two or more units to be
merged:

Merge Units @ Merge Units @
Select the units to be merged: Select the units to be merged:
[Fla |a
Clb ¥b
[d d

When you select the desired units and click OK, the units are merged. The results
of a merge are to form the union of all the spikes in the snapshot for the specified
units, and then to define a new unit from that set of spikes in the usual way for the
current sorting method in effect. For example, if you merged units b and ¢ with
template sorting, the template for the merged unit will be the mean of all the
waveforms in the former units b and c. The merged unit is added as the last unit
for the channel, the units that were merged are deleted, and units are relabeled to
remove gaps. For example, if you had units a, b, ¢, d and merged units b and c,
the result would be:

old unit a
old unit d
merge (old unit b, old unit c¢)

new unit a
new unit b
new unit c

There is also an automatic merge function which compares all unit templates (for
one channel) against each other, finds groups of units that are similar to each
other, and merges the units within each group:

: SPK Channel 5 - Units

BOER e = B

Unzorted nit b
Autormatically merge similar units

In this case, a merge tolerance (a normalized measurement of the similarity
between two unit templates) is used as a threshold for similarity decisions.
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Typical values are in the range 0.5 to 1.5. You can control the merge tolerance
using the Tolerance setting in the Unit Merging section of the Units view
options:

Unit Merging

Tolerance 1 Allow multiple merges

When the Allow multiple merges option is enabled, clicking the Automatically
merge similar unitsbutton displays a dialog showing the groups of similar units
which it has found:

F it
Confirm Merges
The following units will be merged (uncheck to skip):
¥l (a,c)

¥l (b,d)

Each potential merge group (list of units which will create a new, merged unit) is
shown on a separate line. Click OK to accept all the merges, or uncheck any
which you do not wish to accept and then click OK.

When the Allow multiple mergesoption is disabled, only the most similar pair
of units (which is within the merge tolerance) is a candidate for merging, and a
dialog box asks you to confirm the merge:

("PlexControl = |

Units a and b are similar (distance = 0.890, merge threshold = 1.0).

[ | :
\ . Merge units?

o= J %]

If no pairs of units were found which were within the merge tolerance, a dialog
will be displayed:

(PlexControl =)

Mo units were merged (units a and b were most similar, but score =
l A 2076 > merge threshold of 1.000)

-
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6.12 Spike Display Modes

PlexControl provides several spike display modes and options which can be very
useful when adding units, adjusting sorting parameters, and monitoring the
results of spike sorting. See Section 13.2, “PlexControl Spike Display Modes” on
page 384 for more information.
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7 Recording

7.1 Overview

Once you have configured the OmniPlex® System for suitable gain, thresholds,
and spike sorting parameters, you will eventually want to record your data. The
OmniPlex System can record data from any or all of its sources to a recording file

in either or both of two Plexon® file formats.
Note:  Setting the gain is applicable to DigiAmp subsystems, not DHP subsystems.

7.1.1 PLX Format

PLX format is an industry-standard recording format originated by Plexon in the
1990s. It is supported by many applications, including Plexon's Oftline Sorter
application, NeuroExplorer®, and used by hundreds if not thousands of custom

MATLAB® scripts and application programs written by users. An enormous
amount of neurophysiological data has been recorded by hundreds of labs around
the world in PLX format. PLX recording is supported for legacy use, for those
cases where an application does not yet support reading PL2 files.

7.1.2 PL2 Format

PL2 is Plexon's next-generation file format. It can contain all the same
information as a PLX file, including the exact same sample values, but it is an
extensible format that supports the OmniPlex System concept of sources and
allows for new types of data to easily be added. In addition, PL2 handles large
amounts of continuous data more efficiently than PLX. For example, when the
system is recording wideband (WB) or continuous spike (SPKC) channels, the
time required to load continuous channels from the resulting PLX file into an
application or MATLAB script can be prohibitive. PL2 typically reduces this load
time by a factor of hundreds or even thousands, due to its more efficient storage
and indexing scheme, compared to PLX.

Besides Offline Sorter and NeuroExplorer, PL2 files can be read by existing
MATLAB and C/C++ programs with little or no modification, using a
backwards-compatible file-reading API. Refer to the documentation for the PL2
SDK for more details.

Before recording files in the PL2 format, first make sure that the applications that
you intend to use with those files support the PL2 format. If you are using an
older version of an application, you may need to update it to a newer version
which can read PL2 files.
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7.1.3

7.1.4

What to Record

The OmniPlex System allows you to record every channel of every source that is
available in PlexControl (see the list in the discussion of sources and Server
topologies). However, even though the PL2 format greatly reduces load times for
large files, it is usually not a good idea to record everything, unless your
recordings are short or you have a specific reason. The main contributors to file
size are wideband data (WB) and continuous spike data (SPKC), both of which
consist of 40,000 samples of 16 bits each, per second per channel, or 80 kilobytes
per second per channel, plus a small amount of overhead. Recording the WB data
alone results in recording rates of approximately:

64 channels * 80 kb/s = 5 MB/sec = 300 MB/min
256 channels * 80 kb/s = 20 MB/sec = 1.2 GB/min

Recording both WB and SPKC will double the above figures, and should in
general be avoided, although the OmniPlex System is capable of doing so, as
long as you are careful to not run other performance-intensive applications on the
same machine at the same time.

The default recording behavior for the OmniPlex System is to record all channels
on all sources, except N0 WB or SPKC channels. This gives the smallest files, but
has a number of potential drawbacks; for example, it becomes difficult to
impossible to re-threshold the data in Plexon Offline Sorter™ (the threshold
cannot be lowered towards zero). To avoid these problems, but at the same time
trying to avoid unnecessarily huge file sizes, the question then becomes whether
to record WB or record SPKC. The tradeoffs are as follows.

Recording the wideband signal ensures that the original digitized signal,
unchanged by any digital filtering or other processing, is available for later use.
This allows for widest range of offline processing to be done. For example, you
wish to try a lower cutoff frequency for the spike highpass filter, you must have
the WB signal. However, if it is desired to be able to use the WB data to
regenerate the exact same SPKC data as was generated by the OmniPlex System
during the experiment, then the offline application must support all of the same
digital signal processing functionality as the OmniPlex System. If the SPKC
source is recorded, then this issue is avoided.

Digital events, keyboard events and Plexon CinePlex® System events are always
recorded; there are no enable/disable checkboxes for these sources.

Additional Recording Features

The basic recording procedure is presented in Section 7.2, “Recording” on
page 209. For additional recording features, see the information in the following
sections:

» Section 7.3, “Adding Comments Before and During Recording” on page 217
» Section 7.4, “PL2 Recording Protection” on page 222
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7 Recording

* Section 7.5, “PLX Channel Numbering for Continuous Channels” on
page 224

» Section 7.6, “Low Disk Space During Recording” on page 224
» Section 7.7, “Event-Triggered Recording” on page 224
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7.2 Recording

1

Before recording a file, select the sources and channels which you wish to
record. Click on the Properties Spreadsheet tab to view the record-enable
options:

: Properties SpreadSheet for 'SPK

Name PLX chan | Enabled| Threshold% [ Num Unitz| Rec SPK Rec WB Rec SPKC Rec FP
=»1 | SPKO1 1 i -15.000 3 | 1l [ |
2 [ sPKD2 2 = -15.000 0 [ ] |l [
3 | SPKO3 3 [ -15.000 0 =] | | |
4 | 5PKD4 4 4 -15.000 0 4 1l [ |
5 | SPKOS 5 <] -15.000 0 =] ] |l [
6 | SPKDS 3 | -15.000 0 [ | | i
7 | SPKOT 7 i) -15.000 0 <] 1l [ [
8 |[5PK08 3 2 -15.000 0 =] ] |l
9 |[SPKO9 9 | -15.000 0 [ | |
10 | SPK10 10 | -15.000 0 i) 1l [ (<]
11 | SPK11 11 & -15.000 0 = ] |l |
12 | SPK12 12 | -15.000 0 i) | | |
13 | SPK13 13 9 -15.000 0 4 1l [l |
14 | SPK14 14 | -15.000 0 | 1l 1l [
15 | SPK15 15 24| -15.000 0 =] | | [
16 | SPK18 16 B9 -15.000 0 B 1l [l [
17 | SPK17 17 24| -15.000 0 =] 1l 1l [
18 | SPK18 18 | -15.000 0 ] | | &
19 | SPK19 19 | -15.000 0 5] 1l [l [
20 | SPK20 20 ] -15.000 0 [ 1l 1l |
21 | SPK21 21 [ -15.000 0 | | | [
22 | SPR22 22 [ -15.000 0 B4 1l [l |
23 | SPK23 23 [ -15.000 0 | 1l 1l [
24 | SPK24 24 ] -15.000 0 [ | | |
25 | SPK2S 25 | -15.000 0 B 1l [l [

E SPK - Waveforms | Bl] SPK Channel 1 - Clusters | 30 SPK Channel 1 - 3D Clusters | B Properties SpreadSt

If any of the sources WB, SPKC, SPK, or FP are currently selected, you will
see the record-enable columns for all the others, as shown above. If some
other source is selected and you do not see the above Rec columns, use the
previous/next source buttons in the main toolbar to step through the available
sources until the desired Rec columns are displayed.

Ii“élﬁl qu-r»m m | Show All ,|:-::;1\-H

Eforms g

| ¢? Mag: 170 = '8F| orT Ei

Check the appropriate boxes to indicate which channels of which sources you
wish to record. Remember that you can select multiple channels within a
column and set them all to the same setting as the topmost row, as described
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previously. For example, to enable recording for all WB channels, enable WB
recording for the top channel, then click on the “Rec WB” column header:

: Properties SpreadSheet for "SPK

1
Name PLX chan| Enabled| Threshold% | Num Units| Rec SPK Rec WB ! Rec SPKC Rec FP
=x1 | SPKM 1 [ -15.000 3 E | Bq
2 | SPKDZ 2 | -15.000 0 = | 2|
3 | SPKD3 3 [ -15.000 0 24 | Bq
4 | SPKD4 4 | -15.000 0 9 | 2|
5 | SPKDS 5 | -15.000 i 4 | il
6 |SPKDE ] | -15.000 0 | | [
7 | SPKOT 7 | -15.000 0 4 | il
& |[SPKDS ] [ -15.000 0 | &l iz

4  Select Set All Channels Like Topmost Selected Channel from the right-

button menu:

RecWB | Rec SPKC :

Select All

Set Values for All Channels

Rec FP DRef SPKC | DRefFP
- — 1 None Nene
=1 [ Maneg Mrneg

% Set All Selected Channels Like Topmost Selected Channel
Set All Higher-Mumbered Channels Like Selected Channel

| [ Mone Mone
[ 5| Mone Mone
5 All WB channels will be enabled for recording:
: Properties SpreadSheet for 'SPK' ey
Name PLX chan | Enabled| Threshold% | Num Units| Rec SPK Rec WB Flec SPKC | RecFP
==1 | SPK 1 [ -15.000 3 = = [
2 | sPKoz 2 -15.000 0 I [ |
3 | SPk03 3 -15.000 0 [
4 | sPKD4 4 -15.000 0
5 | sPkos 5 -15.000 0 &4 [ b4
6 |SPKDS [ -15.000 0 4 4 &
7 | sPKor 7 -15.000 0 &4 [ b4
B |spkos” g 50000 & D=
9 |sPKo9 9 -15.000 0 4 [ |
0| Spkio” TR se e T T Y TR
1 | SPK1 11 [ -15.000 0 [ [ |

At this point, you could begin recording, and by default the data would be
recorded in PLX format. However, it is useful to be aware of some of the
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recording options that are available. To view the main recording options,
select Global Options from the Configure menu:

=g PlexControl - PlexControll

: File View Display | Configure | Data Window Run Help
Dz &S ﬁ?ﬁf View Options AR
&8| i Tasks |'.".P.f Global Options... | K Chi
L Reset All Options :Wrr i ’5“
= System )

= " 3| Auto-Configure All Sources...

= w4 Create View | L

— S Antomaticall I

7 When the Global Options dialog is displayed, click the Recording Files tab:

Global Options

General | Feature Space I Snapshots | Control Restrictions | Recording Files I Recording Control I Caolors |

Saving and Restoring
[ Atomatically Load pxc File on Startup {unless Ctd is held down when PlexControl is started)

@ Last-Used pxc file

Default pc file
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In the Recording Files options page, the File Types to Record section
controls whether recordings are written in PLX format, PL2 format, or both
formats in parallel. You will usually want to choose one or the other format, but
the parallel recording option may be useful if you want to compare the two

files, e.g. for sizes and load times.

Global Cptions

===

| General I Feature Space I Snapshats | Recording Files | Recording Control I Colaors |

Data Directory : D:\PlexenData
When Start Recording is Pressed File Name Generation
@ Open Data File Dizlog Prefic - dat
() Begin Recording Immediatehy Date -
File Types to Record
. [ Speciy next sequence number
() pbe File Onby
- Nexdt by 1 Get
©) ple File and pi2 File FeAUEnEE nmREr (Gat]
@ pl2 File Only
When Recording Ends
Stop Recording on Low Disk Space [F] Auto-save pc {same name as ph or pi2)
Minimum free space 256 ME

9 You can also use the Data Directory field to set the folder to which files will

be recorded:

Global Cptions

| General I Feature Space | Snapshots | Control Restrictions | Recording Files | Recording Control I Colors |

Data Directory : D:\PlexonData

When Start Recording is Pressed
@ Open Data File Dialog

() Begin Recording Immediately

File Mame generation

Prefec:  dat
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10 Set the desired value for Stop Recording on Low Disk Space. The system
will automatically stop recording if the free disk space on the PC drops below

this value. (The default is 256MB.)

=52

Global Options

‘ General I Feature Space | Snapshots | Recording Files | Recording Control I Colors |

Data Directory : D:\PlexonData
When Start Recording is Pressed File Name Generation
@ Open Data File Dialog Prefic . dat
() Begin Recording Immediatety Date -
File Types to Record
. [ Specify next sequence number
() ph File Only
_ Next ber: 1 Get
) ph File and pl2 File SSAUENGE UMBEr [(Get]
@ pl2 File Only
When Recording Ends
Stop Recording on Low Disk Space [ Auto-save pxc (same name as phe or pl2)
Minimum free space 256 MEB

11 Click OK to save your changes. Note that you do not have to set these
options each time that you record a file, and PlexControl will retain these

settings each time you run it.

12 When you are ready to begin the recording, click on Start Recording in the
main toolbar:

=g PlexControl - PlexControll

File View Display Configure Data Window Run Help

. M ncoring 2"
Sanfecoing | o '
. E

; .

RUEYERY:S
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13 The Start Recording Data dialog appears:

Start Recording Data LJ&
Data File Options
Data Directory @ D:\PlexonData Browse ...
.plx Data File Name : | QuickStartDemo 1. plx Browse ...
.pl2 Data File Name : | Filz1.pl2 Browse ...
Comment :
OK ] I Cancel

14  Specify the name of the PLX and/or PL2 files to record. You can also enter a
block of comment text which will be recorded in the file header; you can use
this for brief descriptive notes or archival information. Click OK to start
recording. As recording starts, the Start Recording button is disabled and the
Pause and Stop Recording buttons are enabled:

Eg PlexControl - PlexControll

: File View Display Configure Data Win

NEFA-IERX) NN
?:_‘ETasks

In addition, the file size and time indicators in the status bar appear in green:

15

-15.00 mV

ram Snapshot EContinuous EContinuous mhctivity [ Firing Rates

E ||V Recording QuickStartDemol.plx 136.32M 00:00:22 00:00:22 Frames:1  Drops:0

This indicates the recording status (recording versus paused), filename,
current file size, and elapsed time.

16 If you click the Pause button while recording, the status bar changes its

display:

—'—

apshot EContinuous EContinuous mﬁh‘:tivity M Firing Rates

KA Paused QuickStartDemol.ple 46.54M 00:00:07 00:01:03 Frames1  Drops:0
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Note that the first time figure now shows the total elapsed recording time,
while the second figure shows the total elapsed “clock time” since the start of

the recording, whether paused or recording.

17 If you now click the Pause button again, recording resumes. The Frames
count in the status bar indicates how many separate frames (segments) of

data have been recorded in the file so far:

nuous ECUntinuuus mActivity [ Firing Rates

E [V Recording QuickStartDemo.plx 13.32M 00:00:25 00:00:28 Frames: 2

Drops: 0

18 If desired, enter additional comments while PL2 recording is in progress.

Note: For a description of the comments feature, see Section 7.3, “Adding

Comments Before and During Recording” on page 217.

19 When you want to complete the recording and close the recording file, click

the Stop Recording button in the toolbar:

E.lg PlexControl - PlexControll

! File View Display Configure Data Window Run Help

R IER ) HA N

¥ o Sk

z=| : Tasks
o
© [ Jar—— -3

0=
Stop Recording

PE 1

IMPORTANT: It isstrongly recommended that you make a short test

recor ding and examine it in NeuroExplorer, MATLAB, Offline Sorter,

or

whatever the intended destination for the subsequent use or analysis of your data

might be, before proceeding to make important recordings in an actual

experiment. This will help reveal any problems in terms of which sources were
recorded, signal quality, proper triggering on digital event inputs, etc. Large
amounts of time and effort can be wasted if you make a long recording, or a series
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of recordings, before discovering that some setting was not correct, that an input
cable was bad, etc.

TIP

Avoid changing OmniPlex System settings while
recording

If at all possible, avoid making changes to the OmniPlex System
settings while a recording is in progress, unless you are aware of the
potential consequences in the recorded data. For example, if you
have defined units a, b, and ¢ on a channel, and in the middle of a
recording you delete unit b, unit c is by default renamed to unit b, and
any analysis of the channel will have to account for this. Likewise,
changing thresholds, fit tolerances, and other parameters during a
recording may create issues for subsequent analysis of the data. On
the other hand, there are cases where the input signals drift during a
long recording, and adjusting parameters in PlexControl during a
recording is necessary to “track a unit” or compensate for other

changes.

TIP
Disable channels before starting the recording

For performance reasons, PlexControl does not allow you to change
the record-enable checkboxes during a recording, so make sure the

enables are set as desired before starting to record.
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7.3 Adding Comments Before and During Recording

The previous procedure (Section 7.2, “Recording” on page 209), showed you
how to add a comment to PLX and PL2 files before recording starts. The
procedure also included a step that showed how to add more comments to PL2
files during recording, provided certain prerequisites are met. Each comment you
enter during recording is timestamped and added to the PL2 file and can later be
extracted using the offline file reading SDKs.

Topology prerequisite

To enable adding comments during a recording, your topology must include the
User Data device client, shown in the image below. You can view your topology
diagram to verify the User Data device client is present.

Note: If the client is not present, open the Topology Wizard dialog, select the User

data / comments interface checkbox, click OK, then restart the OmniPlex®
software. The User Data device client should now be present.

Additional Device Clients
[]Global filters

CinePlex interface

User data [ comments interface

The generated topology will show the User Data device client and its associated
source:

'[ T T B S

L[

N T T = -

Add comments to a recording with the Add Recording Comments... command,
as described below.

Note that the Add Recording Comments... command is disabled if you are
recording only a PLX format file, since recording comments during recording is
supported for PL2 files only. If you are recording both PL2 and PLX “in
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parallel,” you can add comments, but they will only be available in the PL2 file.
The single comment block in the Start Recording Data dialog is still supported
for both file formats.

Global Options—Display the Add Recording Comments dialog

If you would like PlexControl to automatically display the Add Recording
Commentsdialog at the start of each recording, enable the following option in
the Recor ding Files page of the Global Options dialog:

Global Options

General Feature Space Snapshots Recording Fles  Recording Control  Colors

Data Directory : ‘E:"‘.F'lexonData ‘ Browse ...
When Start Recording is Pressed File Name Generation
(®) Open Data File Dialog Prefix : |u:|at ‘
(C) Begin Recording Immediately Date: | None 9
File Types to Record [] Specify next sequence number

O .plx File Only Next sequence number: Get

() plx File and pl2 File
(®) pl2 File Only When Recording Starts

Display the Add Recording Comments dialog

Stop Recording on Low Disk Space (] Auto-save timestamp offset / origin file
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Adding comments during recording of PL2 files

Follow these steps to add comments during recording.

Select the Add Recording Comments... command. (This command is
supported for PL2 recordings only, and is disabled if you are recording only
PLX files.)

=g PlexControl - PlexControll
I File View Display Configure | Data | Window PRun Help
Dz ol

2l Tasks B, StopData Wave
P P
3| System é
= ) Start Recording
‘§ i Create View Layout for Sou P
= . . 'ad
*~, Automatically Configure Sd O
E Start Recording Data w

LR Stop Data Acquisition Reset Drop Count

Add Recording Comments... |

After you click Add Recording Comments..., the Add Recording
Comments dialog is displayed:

B | Add Recording Comments X

Comment (click Add for each comment):

Add

Clear List Cloge

Enter each comment in the Comment section at the top, then click the Add
button to add the comment to the recording. Note that the Add button is only
enabled after you have started a recording.

Each comment can contain one or more lines, and be up to 1000 characters
in length, although multiple, shorter comments are usually easier to work with.
After you click Add, the comment is also added to the list of comments in the
lower section:
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Reading

B " Add Recording Comments

Comment (dick Add for each comment):
This will be the third comment, after I dick the Add button.|

Adc

| This is the first comment,
This is the second comment.

(Optional) Click the Clear List button if you want to clear the existing
comments field.

Clear List Close

The Clear List button clears the contents of the lower window. It does not
remove comments from the recording; it only “cleans up” the display.

When you are finished adding comments, click the Close button.

The Close button dismisses the dialog, but you can open it again during the
same recording if you later wish to add more comments. Note that any
previously entered and recorded comments are not shown when you reopen
the dialog.

recorded comments from PL2 files

Recording comments can be read from PL2 files using the latest version of the
C/C++ and MATLAB offline file reading SDKs, or using third-party applications
which can read PL2 files, such as NeuroExplorer (NEX).

IMPORTANT: Before recording comments in a PL2 file, you should first verify
that your third-party application is capable of reading such files; otherwise, you
may encounter an error. For example, in the case of NeuroExplorer (NEX),
version 5.306 or newer is required. Check the neuroexplorer.com website for the
latest version of the software.

It is recommended that you make a short test recording containing comments and
verify that it can be read by the relevant application(s) without error. Note that
some applications may choose to read these files without error but ignore the
comments, for application-specific reasons.
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In the C/C++ offline SDK, refer to the functions PL2_GetCommentsInfo and
PL2 GetComments in the header file PL2FileReader.h.

PL2FILEREADER API int PL2 GetCommentsInfo (
int fileHandle,
unsigned long long *numComments,
unsigned long long *totalNumberOfCommentBytes);

PL2FILEREADER API int PL2 GetComments (
int fileHandle,
long long* timestamps,
unsigned long long* commentLengths,
char* comments);

An example of how to use these functions to read comments from a PL2 file can
be found in the function PrintSampleOfComments in PL2FileReaderTest.cpp in the
SampleCode folder of the C/C++ offline SDK.

When reading a PL2 file in MATLAB using the offline SDK, recording
comments are available in the NumberOfRecordingComments field and
RecordingComments array in the pl2 structure returned by the PL2GetFileIndex
function; no separate function is needed to read the comments. An example of
how to read the comments is the following:

PL2GetFileIndex(''); % clear the index
[pl2] = PL2GetFilelIndex('myfile.pl2');
fprintf ('There are %u recording comments\n', pl2.NumberOfRecordingComments) ;
for i=1:pl2.NumberOfRecordingComments
fprintf('comment %u: t = %£f, text = "%s"\n', ...
i, pl2.RecordingComments(i).Timestamp, pl2.RecordingComments(i).Text);
end

Since MATLAB programs which read a PL2 file already call the
PL2GetFileIndex function, any recording comments in the file are automatically
available after this function has been called.

When reading a PL2 file from a Python application using the PyPL2 API, you can
use the function pl2 comments to read comments from the file, as in the following
example:

from pypl2 import pl2 comments
timestamps, comments = pl2 comments(‘myfile.pl2’)
for n in range(len(timestamps)):

print ("{} {}".format(timestamps([n], comments[n]))
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7.4 PL2 Recording Protection

Plexon’s PL2 file format allows large recordings, including files containing large
amounts of high-bandwidth wideband (WB) and spike-continuous (SPKC) data,
to be read efficiently in applications such as Offline Sorter (OFS) and
NeuroExplorer (NEX), as well as in custom analysis software written in C/C++,
MATLAB and Python using the offline file reading SDKs. In order to support
this, when OmniPlex software records a PL2 file, it uses various caching and
indexing schemes supported by PL2 files to allow applications and scripts to
subsequently read channels of data at high speed.

If the OmniPlex application unexpectedly terminates or if there is a power failure
during a recording, the resulting incomplete file could be unreadable. PL2
recording protection addresses this issue by periodically updating the PL2 file’s
indexes and caches so that in the event of an unexpected termination, the
resulting file will in most cases remain readable. You can enable recording
protection in the Recording Files page of the Global Options dialog:

Event: | Recording start (default)
PL2 Recording Protection

Word value: |1

Enable

Update Interval min D secs When Recording Ends

[] Auto-save pxc (same name as plx or pl2)

The Update I nterval determines how frequently the recording protection feature
is run. Note that the minimum Update Interval is 30 seconds. In the event of the
unexpected termination of a recording, at most the data acquired since the most
recent protection update may be lost.

You might wonder, why not set an Update Interval of one second, to reduce the
maximum amount of potential data loss to one second’s worth? There are two
main reasons. First, the periodic update flushes all cached data to the file, which,
if done too frequently, would reduce some of the efficiencies of the PL2
recording scheme — the resulting files would not load as quickly. Second, doing
the updates too frequently would noticeably increase the load on the system,
especially at high channel counts. At an Update I nterval of 30 seconds or longer,
both of these factors are negligible.

Keep in mind that recording protection cannot guarantee that a recording will be
readable in cases such as hard drive hardware failure, unprotected power line
surges that cause hardware damage, operating system failure or malware that
corrupts the file system, etc. However, you can verify that recording protection

works as intended by using the Windows® Task Manager to perform an “End
Task” on PlexControl.exe in the middle of a recording, and then reading the
resulting file.
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17! Task Manager
File Options View

Processes Performance App history Startup Users Details Services

6%
Name Status CPU
=g PlexControl Application for OmniPlex ... 135
Expand
¢ Snipping Tool
v Shppag End task

21%

Memory

LRRY:]

f

Of course, Plexon does not recommend that you intentionally terminate a
recording containing valuable data. Use the test wav file and an HTU, or

unconnected headstages, for any such test.

Note that recording protection only applies to PL2 files, since the legacy PLX
format is recorded using a much simpler scheme which is usually relatively
unaffected by the unexpected termination of a recording, although at the expense
of the much higher reading speed and other features of the PL2 format.
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7.5 PLX Channel Numbering for Continuous Channels

Within the OmniPlex System, channels are source-relative; for example, in a 64
channel systems, the WB channels are numbered 64, the SPKC channels are
numbered 64, etc. However, for historical reasons, all the continuous channels in
a PLX recording file are numbered in a single continuous range. Therefore, when
a PLX file is recorded, the continuous channels in each source in the OmniPlex
System are automatically mapped into this single linear range of channels. In the
Properties Spreadsheet, the “PLX chan” column shows the PLX channel which
the channels of each source will be recorded as, for example:

: Properties SpreadSheet for 'SPKC

MName PLX chan | gnabled| Thres

==1 | SPKCOH 63 7 -15.0
2 | SPKCOZ 66 i -15.0
3 | SPKCO3 67 7 -15.0
4 | SPKCO4 68 7 -15.0
3 | SPKCOS 69 7 -15.0
6 | SPKCOS 7o 7 -15.0
7 | SPKCO7 71 7 -15.0
& | SPKCOS s 7 -15.0
5 | SPKCOS 73 7 -15.0
10 | SPKCAD T4 7 -15.0
N s | 75 ¥ -15.0

You can use the previous/next source buttons in the main toolbar to quickly step
through the sources to see what PLX channel range will be assigned to each
source, using the Properties Spreadsheet.

: 1 M {1 )| Show AllValid - | 5K B

X i SPR=rETmErt - Waveforms

7.6 Low Disk Space During Recording

The system provides an option to stop recording automatically if the free disk
space on the PC drops below a set value. The default value is 256MB; the value
can be modified in the Global Options dialog.

7.7 Event-Triggered Recording

In addition to manually starting, stopping, pausing, and resuming recording, you
can configure PlexControl to perform any or all of these actions when it sees a
user-specified digital event. See Chapter 11, Triggered Recording.
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8 Additional Sorting Methods and Metrics

8.1 Line Sorting

As opposed to template sorting, which is based on an error criteria (sum of
squared errors between a spike and a template), line sorting is what could be
called a geometric sorting method. Since you used waveform crossing to select
bundles of waveforms which were averaged to form sorting templates, you are in
fact already familiar with the basic idea behind line sorting. In line sorting, you
draw one or more crossing lines on spikes in the main spike window, as in
template sorting, but the crossing lines themselves are what is sent to Server to
perform the actual sorting of incoming data. When defining units for line sorting,
you can draw more than one crossing line per unit definition, and incoming
spikes must pass through all the crossing lines to be sorted into that unit. This is a
very intuitive way to interactively specify and refine a unit definition.

1 The OmniPlex® System requires that data acquisition be stopped before the
sorting method is changed. Stop data acquisition as previously described,
then click on the Sort Method entry in the Properties window at the left:

! Properties 0Ox
= SPK (Source #6)
On Device Basic Sorting
Channel Type Spike
Channels o4
Channel Grouping Single
Enabled
Record Enabled
Sampling Freq. 40000
Gain 250
Waveform Length 800
Pre-Threshold 200
Sort Start 0
Sort Fod 200
T e N
Channel 1 on SPK (Sou[|i=,, /5 - k
Ehawere e
Enabled Box
Record Enabled Band
Threshold 2D Polygon
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2 Note that Template sorting is currently selected. Click on Line to switch to

line sorting:
! Properties o0x
- SPK (Source #6)
On Device Basic Sorting
Channel Type Spike
Channels o4
Channel Grouping Single
Enabled
Record Enabled
Sampling Freq. 40000
Gain 250
Waveform Length 300
Pre-Threshold 200 |
Sort Start 0 |
Sort End 200 i

Surt Method Line =]
|=| Channel 1 on SPK Template

Name R

Enabled Box

Record Enabled Band

Threshold 20 Polygon

3 Restart data acquisition. Note that since the sorting method changed, all
existing unit definitions are deleted and all spikes on all channels are unsorted
again.

4 Enter unit editing mode and then add a new unit using the waveform crossing
method, as previously described for template sorting. Note that the crossing
line does not disappear when you finish drawing the line:
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! SPK Channel 1 - Waveforms —
: il : . MAG
{81 B B O | 2 Mag 170 3 U onr R

Bl & @ 45 g |TolsforUnite: & 3 M || -

5 Also note that if you move the cursor tip over either end of the line, it changes
to a line-edit cursor, to indicate that you can move either end of the line:
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You can see that there are some spikes that are incorrectly being sorted into
unit a, because one crossing line is sometimes not an adequate sorting
criteria. To add another crossing line for the same unit, click the Add Line
button in the toolbar:

: SPE Channel 1 - Waveforms
&7 Mag: 1.70 = 'ME | oFT EE

h

This is a case where the Selected Unit mode for the Show filter (see Section
13.2, “PlexControl Spike Display Modes” on page 384) is particularly useful,
as it makes the addition of more lines to tighten up the sorting criteria easier.
Here is an example after a total of four lines have been added, with the Show
filter set to Selected Unit:

i SPK Channel 1 - Waveforms » B X i SPK- Waveforms
0 o ) + MG | opT

:@ BR ¢/ Mag: 1.70 3 =i | o7 EE

i Bl op
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7 You can also use the Remove Line command to delete the most recently
added line:

! SPK Channel 1 - Waveforms
@ £ El ¢ Mag: 170 5 ' ?HEH
BERB . |

Remove Line

You can add as many lines per unit definition as you like, although in practice
you should find that no more than three or four lines are needed in most
cases.

8 You can use the spin arrows in the unit editing toolbar to make all the sorting
lines for a unit longer or shorter, similar to adjusting band tolerances in band
sorting. This example shows the tolerances being reduced, i.e. shortening all
sorting lines:

¢ SPK Channel 3 - Waveforms

| & Mag: 775 5 fl"}“ B | o7 o5t

Tols for Unita: S I8 )
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Alternatively, you can use the spin arrows to change the length of an
individual sorting line, simply by holding down the CTRL key while clicking the
spin arrows. When this is done, only the currently selected sorting line (drawn
as a bold line) will be lengthened or shortened.

: SPK Channel 1 - Waveforms

@ &7 Mag: 525 'lj_ﬁ

Tols forUnit b :

If you wish to adjust the length of a different sorting line, first select it by
clicking on either endpoint.

9  You can continue to define more units on the same channel, using the Add
Unit button again.

Defining line sorting units by drawing contours in cluster views

You can also define line sorting units by drawing contours around clusters in
feature space, in the same way as for the other sorting methods (except box
sorting, which does not support this, nor can it be used with automatic spike
sorting). The system will generate sorting lines for the spikes enclosed in the
drawn contour, using the same algorithm that is applied to the output of the
automatic sorting algorithms.
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TIP
Using the sorting lines

Line sorting is quite effective in terms of being able to very closely
specify the desired shape of the bundle of waveforms that constitute
a unit. You will sometimes hear this referred to as “making the spike
jump through hoops.” However, keep in mind that some parts of
spikes, in particular the tail, tend to have more amplitude variance
than the region around the peaks. As a general rule, the sorting lines
should be “tighter to the bundle” in the more well-defined part of the
spike, and looser, if used at all, in the tail and other higher-variance
regions.

TIP

Lines per unit versus units per channel

Novice users sometime confuse adding lines with adding units:
remember that you can have multiple units per channel, and multiple
lines per unit. On a given channel, unit a could have three lines, unit
b only one line, unit ¢ two lines, etc. While editing a particular unit,

you can only modify the lines used to define that unit.

Note:  The OmniPlex System requires that all the channels on a spike source use the
same sorting method. In practice, this means that all the spike channels in the
system must use the same sorting method.

232

OmniPlex Neural Data Acquisition System



8.2 Principal Component Analysis (PCA)

While you can use the OmniPlex System as has been described so far, using
template or line sorting to sort spikes using their time/voltage values, i.e. the raw
sample values, the OmniPlex System also has support for working with spikes in
feature space.

By feature space, we mean a low-dimensional coordinate system into which raw
spike data is projected in a way that emphasizes some useful property. The
feature space approach treats each spike waveform as a single point in a high-
dimensional space (e.g. a 32D space for a 32 point, 800 microsecond spike),
where the coordinate in the first dimension is the amplitude at the first sample
point, the coordinate in the second dimension is the amplitude at the second
point, and so on. Working directly in such a high dimensional space is generally
difficult and computationally intractable, and so what is called dimensionality
reduction is applied. The idea here is that we want to project each point in the
high-D space into the low-D feature space where we can view it and work with it
more efficiently. For the purposes of spike sorting, we would like the projection
to cause spikes of similar shape, which originated from the same neuron, that is, a
unit, to form clusters of points in the low-D feature space.

A standard feature space (i.e. projection method) that is used for spike data is
principal component analysis (PCA). A full treatment of PCA is beyond the
scope of this user guide, but it is a linear projection whose key property in terms
of spike sorting is that those sample positions which have high variance across a
given set of spikes are given greater weight in calculating the projection. The
motivation behind this is that samples where there is more “amplitude spread”
within a group of spikes are more likely to have separation between the amplitude
values corresponding to different units.

The PCA projection of a 32 point spike results in a 32D point in PCA space;
however, PCA orders the coordinates in order of decreasing variance, so that the
first few coordinates “contain” most of the variance, and the higher order
coordinates represent mainly noise and can be discarded. By taking the first two
or three PCA coordinates and dropping the others, we obtain a projection into 2D
or 3D PCA feature space and achieve the desired dimensionality reduction.
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Here is an example of spikes and their corresponding 2D PCA projections, where

each point in the PCA display corresponds to one spike in the main spike
window:

: SPK Channel 1 - Wavefarms = & X : 5PK Channell - Clusters

(B BB o Mag 170 2 WP TR L R | B B P 2 IR

£8 SPK - Waveforms | B8] SPK Channel 1 - ... | 3030 Clusters | B8 Prope

And similarly, the 3D projections:

: SPK Channel 1 - Waveforms - 0 x

IS BB O | &2 Mag 170 5 W eRT BET O

i SPK Channel 1 - 3D Clusters

]ﬁ SPK - Wavefor... | #48 SPK Channel 1. | 30 SPK Channel 1... Prope

234 OmniPlex Neural Data Acquisition System



There are several uses for PCA in spike sorting. First, we can manually draw
boundaries around visible clusters as an alternative to waveform crossing as a
method of selecting waveforms. For example, we can indicate that we wish for all
the spikes corresponding to the points in a PCA cluster to be averaged to form a
template. Second, we can use them as a visualization method for assessing the
results of spike sorting. For example:

: SPK Channel1 - Waveforms + % X i SPK Channell - Clusters
R A BB | 2 Mag: 170 2 WE e T M IR /| B D | pa | 2 o BT

Channel 1

Channe S8 5PK - Wavefor... | Bl SPK Channel 1... | 30 5PK Channel 1., Pr

Third, we can use PCA as a basis for a sorting method, where we manually draw
contours around visible clusters in the PCA feature space in order to define units,
then perform the real-time sorting by projecting each incoming spike into PCA
space and testing it against each of the contours. Fourth, PCA is suitable for use
by a fully automatic spike sorting algorithm, which identifies clusters in PCA
space and generates either templates or PCA contours from them. Each of these
uses will be described in the following sections.

The OmniPlex System also supports an improved version of PCA called
Enhanced PCA, which yields improved cluster separation and compactness in
many cases. For more information, see "Appendix H: Selectable 2D/3D Feature
Space and PCA Options" on page A-46.
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8.3 Taking a Spike Snapshot and Viewing PCA Clusters

This section describes how to use

2D PCA as an alternative to waveform crossing

for defining units for template sorting. All the other techniques that were
discussed in the section on template sorting still apply; we will merely be using a
different method to select the spikes which will be averaged and used as the

template.

1 If you are not currently us

ing template sorting, stop data acquisition and set

the sorting method to Template, then restart data acquisition.

: Properties

=1 SPK (Source #6)
On Device
Channel Type
Channels
Channel Grouping
Enabled
Record Enabled
Sampling Freq.
Gain
Waveform Length
Pre-Threshold
Sort Start
Sort End

= Channel 1 on SPK (Sourn
Mame
Enabled
Record Enabled
Threshold

0O x

Basic Sorting
Spike

64

Single

40000
250
800
200

a

800

Ternplate |E|
Template
Line *

Box
Band
20 Palygeon
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If necessary, set the gain and thresholds as described in previous sections, so
that you have incoming spikes on all channels. If you have any defined units
on the currently selected channel, delete them using Remove All Units, as

described previously.
Note: Setting the gain is applicable to DigiAmp subsystems, not DHP
subsystems.

: SPK Channel 1 - Units

Click on the SPK - Clusters tab to display the multichannel 2D PCA window:

i SPK - Clusters

i | B L | <7 258 BT

&7 58 59 60
22 SPK - Waveforms | B8 SPK - Clusters | 30 3D Clusters Properties SpreadSheet

i SPKC - Continuous SPK - Clusters

Note how all the channels show “No PCA.” This is because the initial

calculation of the PCA projection requires a spike snapshot, similar to the way
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in which auto-thresholding requires a SPKC snapshot. To take a spike
snapshot, click the Forward Snapshot button in the toolbar:

: SPK - Clusters

5 While spikes are being collected into the spike snapshot, the status bar
displays “Collecting Spike Snapshot...”

-15.00 my - i

‘ontinuous WSPK-Activit}r M Firing Rates

||V Collecting Spike Snapshot.. Drops:0

6 You can monitor the progress of spike snapshot collection in more detail by
hovering the cursor over the Spike Snapshot tab at the lower-left of the
PlexControl window:

: SPK Channel 64 - Units
Un=zorted

Ready
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7 After hovering the cursor over the tab for a moment, the Spike Snapshot view
will pop up:

i

Fie Vies Dily Corfgure Ditn Window Fun  Help
rHBTogi 0 nkg S NN B dn chde chdn s Show dtiaid - W
L " - 0 x

e8] Tasks o

Resty 2 B W Calerting Spke Sapshata, Cops 0

8 The blue bars indicate the progress of snapshot collection; when each
channel's bar reaches the right side, the bar turns green to indicate that the
snapshot has been collected:

i

Fe View Dily Configie Din Winiow Run Hel
sHBrollire um T B HE L e L |
[3-F3 eloems = 0 ;5P iy

Lo R A

B8] Taaks
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9 Moving the cursor outside of the Spike Snapshot Progress view will cause it to
collapse back into the tab at the bottom left of the window.

10 Note that with real data, some channels will complete their snapshots quickly,
but others may take much longer, depending on the per-channel firing rates.
In such cases, you may wish to “pin” the view so that it remains visible without
having to pop it up from its tab each time. To do so, click on the pushpin in its
upper-right corner:

11 The Spike Snapshot Progress View then attaches itself to the right side of the
multichannel window:

i SPK - Waveforms >~ 30 x :

i i &7 Mag: 100 3 | onr oY o

1
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12 When the required number of spikes has been collected (500 spikes by
default) for each SPK channel, the “No PCA” for that channel is replaced by a
display of PCA clusters:

: SPK - Clusters * & X

R e AR

60 61

57 58 62
2 SPK - Waveforms | $4 SPK - Clusters | 303D Clusters Properties SpreadSheet

TIP
? Taking snapshots
You do not have to wait for every channel to finish its snapshot to
= begin working with the channels that are ready.

Note:  You will sometimes see, especially with test signals where every channel is
nearly identical, that the PCA clusters for some channels will appear to be
flipped or mirrored vertically and/or horizontally, compared to other channels.
This is because the mathematical definition of PCA is invariant to sign
changes, since PCA is based on variance. In other words, two PCA displays,
one of which is the mirror image of the other, are mathematically equivalent.
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13

Note that the default for spike snapshot collection is to calculate PCA when
the first snapshot collection is complete, as shown in the spike snapshot
options:

Collection | sorting / Auto Sorting | Sort Quality | Sources

Source @ SPK

Snapshot Buffer
Buffer size: | EAN spikes per channel

(Larger buffer sizes, e.g. 1000 spikes, can improve the reliability of
auto-sorting, but should be used with care at higher channel counts)

End a Forward Snapshot;

@ Automatically after collecting a full Snapshot Buffer,

or after &0 seconds have elapsed
Automatically after collecting for 10 seconds
Only Manually

When a new Snapshot first becomes available for a channel:
| Calculate PCA

:'5-"::.-'-“ Automatic Sorting

Utomanc >orang

This is generally the most convenient method; however, you can also
manually initiate the PCA calculation (for example, if you wish to recalculate
PCA based on a later snapshot) using the PCA button in the toolbar:

: SPEK - Clusters

B | B

%l

||pra| <2 oxr 22

4 Perform PCA on the Current Snapshot (Al Channels) '

However, you still must collect a spike snapshot before the PCA can be
calculated.

CAUTION
& Caution when recalculating PCA based on a new snapshot

If you are using the 2D Polygon sorting method (as described in Section
8.8, “2D Polygon Sorting ”* on page 271), recalculating PCA based on a
new snapshot will usually require that you create new sorting contours in
order to sort correctly with the new PCA features.
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14  Double-click on channel 1 in the multichannel PCA display to zoom it to

single-channel mode:
: 5PK - Clusters
P B ALR | <7 oFT 51

o,

=l

: SPK Channel 1 - Clusters - 3 x

B | B PO | <7 o1 BET L

Channel 1

£8 5PK - Waveforms | B8] SPK Channel 1 - Clusters | 303D Clusters

Properties SpreadSheet

Depending on your monitor and your preferences, you may wish to use a
larger point size for the PCA dots. You can also switch to Rolling or Erase
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modes, just as with the main spike windows. If you wish to change the display
settings, click on the Options button in the toolbar:

: SPK Channel 1 - Clusters

LB L B PO | <2 o0T| 85
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16

In the 2D Cluster View Options dialog, you can change the Point Size and

Update Mode for Live Data as desired:

2D Cluster View Options ﬂ

Display | Sources

Channel Grid

Rows: & = Columns: 8 = [7] Zoom with Chain

Arrange Channelz in Row-Major Order

Show Channel Mumber Labels Allow Togaling to Show Snapshot

Drawing Waveform Points

Point Size : When Zoomed: 2 = When Showing Grid: 1 =
Update Mode for Live Data
(@ Fade Fade Rate:  Slow D Fast
71 Rolling Fade and Rolling Modes showing most recent 500 waveforms
(") Erase Erase Every : 10 secs
Erase Mode: (@ Standalone () Master () Slave

Range Control

Refresh
Rangeinx: 1000 1o | 1000

Reset

(@ Standalone
() Master Rangeiny: -1.000 o 1.000

(L) Slave [ Adjust Automatically IUse same for all Channels
[ shift Right-Click changes ¥ and ¥ ranges independently

[ OK ] l Cancel Apply
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17 When you change the settings, you can click Apply to see the effect of the

changes on the display immediately, then click OK when you are done making
changes.

Here is an example of the effect of setting the point size to 2 pixels and the
update mode to Rolling:

: SPK Channel 1 - Clusters
P | B O PLR | <7 OFT BT

al
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18 The size and position of PCA clusters can vary considerably, so the zoomed
PCA display allows you to interactively adjust the magnification and panning
(position) of the display. To change the magnification, simply single-click the
cursor anywhere in the zoomed PCA display and roll the mouse wheel:

i SPK Channel 1 - Clusters - 0 =

(B | B PLR | <2 T B

~l

( nel 1
22 5PK - Waveforms | B SPK Channel 1 - Clusters | 303D Clusters Properties SpreadSheet

i SPK Channel 1 - Clusters - 10X

(B | B o FIA | <7 o0 5 1

( nel 1
2 5PK - Waveforms | Bl SPK Channel 1 - Clusters | 30 3D Clusters Properties SpreadSheet
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19 To pan (reposition or drag) the display, place the cursor anywhere in the PCA
display, hold down the Shift key, then hold down the left mouse button and
move the mouse to pan the display. Release the Shift key and left mouse
button when you are done. The X/Y axes show the new position of the origin

in PCA space.

¢ SPK Channel 1 - Clusters
B | B PO | <7 ot B 2

PC2

Channel 1

£2 SPK - Waveforms | B SPK Channel 1 - Clusters | 30 3D Clusters Properties SpreadSheet

Note that the X axis represents PC1, the first PCA coordinate, which
represents the direction of largest variance in the original spike data, while the
Y axis represents PC2, the second PCA coordinate, which represents the
direction of second-largest variance.
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20 Optionally, the PCA display can automatically adjust the magnification and

viewing position, so that the clusters can never “go offscreen”:

2D Cluster View Options

23|

Display | Sources

Channel Grid

Raows : ;

-

Arrange Channel

i) Erase Era

Era

Range Control

@ Standalone

() Master

Show Channel Mumber Labels Allow Toggling to Show Snapshot

Drawing Waveform Paints

PointSize ¢ When Zoomed: 2 = When Showing Grid : 1 =
Update Mode for Live Data
() Fade Fade Rate:  Slow D Fast

@ Rolling Fade and Roling Modes showing most recent 500 waveforms

Columns: & = [7] Zoom with Chain

= in Row-Major Order

)

se Every @ 10 seCs

seMode : @ Standalone () Master () Slave

Rangein¥: |-1.000 |t | 1.000

Rangein: |-0.388 to | 1000

1 Slave

Adjust Automatically Use same for all Channels

|| shift Right-Click changes ¥ and ¥ ranges independently

[ QK H Cancel ] Apply

Every few seconds, the PCA display will adjust the magnification and pan as
needed to keep the PCA clusters fully onscreen.

You can only adjust the magnification and panning of the PCA display while
you are zoomed in, but if you have the Use same for all Channels option
enabled, your changes will be applied to all the PCA displays. This usually

works well, but if the PCA clusters on different channels are substantially
different in size and position, you may need to uncheck Use same for all

Channels and adjust each channel's PCA display individually.
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8.4 Defining Units for Template Sorting using PCA Contour Drawing

You are now ready to define units for template sorting by drawing contours
(outlines) around 2D PCA clusters, instead of by waveform crossing as you did
previously. Keep in mind that you can define any unit on any channel by either
method; you could define unit “a” by waveform crossing, then unit “b” by
contour drawing. Once you have defined the unit, the method used to create the
unit definition is no longer relevant.

1 Make sure the PCA display is zoomed in on a single channel and that clusters
are clearly displayed, as described in the previous section. Display the toolbar
for the PCA display and click the Edit Units button:

! SPE Channel 1 - Clusters

FACE R

2 The unit editing toolbar is displayed. Click the Define New Unit button to add
a unit:

: SPK Channel1 - Clusters
@i B RO | 2 R
Hl s A B o | (Select unit) Parzen Mult: 0.7 + & -

Bl Dcfine New Unit
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3 The cursor changes to the Add Unit cursor, indicating that you can draw a
contour around a PCA cluster:

: SPK Channel 1 - Clusters

R B o m 2mEp

B B o | (Select unit) Parzen Mult: 0.7 3 £4 -

4 Hold down the left mouse button and draw a contour that encloses the most
prominent cluster. Don't worry if the contour isn't smooth - the main thing is to
encircle the points that belong to one cluster, while avoiding including points
belonging to nearby clusters as much as possible.
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5 When you have drawn all the way around the cluster and returned to the
approximate starting point of your contour, release the left mouse button:

TIP

c? Use the CTRL key as a shortcut for adding a new unit
Just as with waveform crossing, you can use the CTRL key as a
e shortcut for adding a new unit, so that you don't have to click the
Add Unit button before each unit. Hold down CTRL before
pressing the left mouse button and drawing the contour.
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The contour which you drew is erased and the spike waveforms
corresponding to the PCA points which you encircled are averaged and used
to define a new unit template for the current channel. You can see incoming
spikes being sorted using this template in the main spike window, the Units
window, the zoomed PCA window, and the SPKC window:

1
4
.

| Fle Viss Dipley Coafigiee Dt Windss fim Help
H&#Top & ughGli g DIEE:wE o0 mmd m thewdi: =« 8
Taks ROX :PEChnd L Waefoims = 8x

e 1 e
oG CE L 1 =
IPBREA, | eedFaTd:0an Parann M 07 3 £ 1]

induae i

e x

Chusters | 308 30 Chisters | B Prapevies Spreadihest
A K

[

et ? i aAl L _
Vu.l-lmll. - =1 0 o 1 IIIIIii I Il

g -c., (B, | Peeec, @romn. Bcomn. (-8

Just as with defining new units by waveform crossing, you can continue to
add more units by circling additional clusters, delete or replace units, etc. Note
that while you are seeing the sorted and unsorted spikes being projected into
the 2D PCA display, the actual sorting is being done by template sorting, and
is controlled by the template and the fit tolerance.

When the sorting method is template sorting, a fit tolerance slider is displayed
in the PCA unit editing toolbar, just in the main spike window. This can be
used to adjust the tolerance for the currently selected unit while viewing
clusters, without having to “hop over” to the main spike window.

: SPK Channel 1 - Clusters
f@fﬂﬁ i | 7 20t B B
[ 6

A B .o | Unitb Fit Tol ;0,031 arzen Mult: 07 = £

Increasing the template fit tolerance has the effect in the PCA display of
expanding the area of the clusters which consists of sorted spikes, while
decreasing the tolerance has the effect of shrinking the sorted area.

Since there is not a one-to-one correspondence between the results of a
template sort and the results of testing PCA points for containment in a 2D
contour, you may notice that a few points around the edges of a PCA cluster
remain unsorted. While this can be considered a form of beneficial outlier
rejection, if you wish you can increase the template fit tolerance slightly to in
effect expand the area of the cluster that will be sorted, so that the template
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sorting more accurately corresponds to the contour your drew. However,
increasing the tolerance too much can result in spikes in nearby clusters
being incorrectly sorted, as in this example, where the green unit's tolerance
is too large, and green spikes are appearing well outside the desired cluster:

¢ SPK Channel 1 - Clusters -
Bl B D e 7 o 1
A Bl o |UnitbFit Tel: 0116} i| Parzen Mult: 07 2 £ :

£

9 Note that if you wish, you can define another new unit, on the same channel,
by waveform crossing instead of PCA, if you do so, you can then use the PCA
window to monitor the results of the sorting in PCA space, adjust the fit
tolerance, etc.

In general, many users find that circling clusters in PCA space is easier than
trying to find a good location to cross waveforms in the main spike window. In
the main spike window, spikes sometimes overlap over much of their length and
the display can be quite “busy,” especially at high firing rates, while in many
cases the corresponding PCA clusters are more distinct and easier to work with,
since the first two PCA components tend to emphasize those parts of the spike
where waveforms are more clearly separated, and the drawing of each spike in
the PCA display consists of only a single point. However, the choice of one unit
definition method over the other can be very data-dependent, so it is best to view
both the spikes and the PCA clusters before deciding how to proceed.
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8.5 Snapshot Mode versus Live Display

So far, we have collected a spike snapshot for the purposes of working with PCA
clusters. However, we haven't actually looked at the spike snapshot itself. The
OmniPlex System in fact allows you to toggle all the spike and PCA displays
between either displaying the live, incoming spikes (the default mode, which we
have used for all examples so far) and displaying the spike snapshot. Toggling
between live and snapshot modes can be done using the same button from any of
the spike or PCA views' toolbars:

: S5PKE - Waveforms
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: SPK Channel 1 - Waveforms - 0 X

(2t /| Bt Bl O | P Mag: 170 & "SF | onT pET
3

TIP
5? Toggling between live and snapshot modes

You can also press the “S” key on the keyboard to toggle between
= snapshot and live modes.

Clicking Show Snapshot results in all the other displays being toggled as well —
you cannot view live spikes in one view while viewing the snapshot in another.
Basically, you are either in a mode of “working on live spikes” or “working on
the spike snapshot.” Note that the continuous displays are totally separate and
unaffected by whether live or snapshot spikes are being displayed in the spike and
PCA views.

It is important to remember that switching between live and snapshot modes is
purely a PlexControl user interface behavior, to allow you to interact with the
snapshot data at your leisure. All the processing in Server continues uninterrupted
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in the background: filtering, spike detection and sorting, and so on, all continue as
before, using the current thresholds, templates, etc.

When you switch to displaying the spike snapshot, all the spike and PCA displays
stop animating, because they are now displaying a fixed set of 500 spikes (by
default), the same spikes that were collected when you previously clicked on
Collect Forward Snapshot. These were also the spikes that were used to
calculate the PCA projection.

TIP

Understanding snapshot mode vs. Pause

Don't confuse snapshot mode with pausing the live display using the
Pause button in the main toolbar. You must collect a spike snapshot,
which is a sample of the live data, whereas pause mode simply
freezes the live displays but does not collect a snapshot.

You might wonder why you would want to work with the snapshot, since it
consists of “old” data. This is true, but the tradeoff is that it can be easier to define
units with respect to a fixed set of data that is not constantly changing and
redrawing from second to second. In many cases, spike shapes are quite stable
over fairly long periods of time, so the “old data” issue is not a significant
problem. Also, you can take a new snapshot, which will overwrite the previous
snapshot, at a later time if you wish
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8.6 Defining Units Using Spike Snapshots

1 Click Show Snapshot in any of the spike or PCA views to toggle all the spike
and PCA views into snapshot mode. The spike views display the spikes in the
most recently collected snapshot; the PCA views show the PCA projection of
the spikes in the snapshot.

The title bars of the affected views will indicate “(Snapshot).”

S5PK Channel 1 - Waveforms (3napshot)
file e U pe i
(I A B /& |(Defineaunit) !
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SPK - Waveforms (Snapshot)
: 7B 77 Mag: 1.00 & 195 | orr pr3

Note that since the spike and PCA views do not animate while in snapshot
mode, display options such as Fade, Rolling, Erase and Scope do not apply.
However, when the PCA display is zoomed into single-channel mode, you can
still use the interactive magnification and panning functions, and the PCA
point size setting is still applied.

You can now perform all the same unit definition commands that you used
while in live mode, including waveform crossing and PCA contour drawing.
When you select waveforms to be used to form a unit template, all units are
being defined relative to the same set of waveforms. In comparison, when you
define units by selecting waveforms from live data, the “pool” of waveforms
available for selection is constantly changing, so in this sense, defining all
units based on a snapshot is more consistent.
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3 While in snapshot mode, you can use the mouse to explore PCA clusters and
interactively view the spike waveform corresponding to any PCA dot. To do
so, place the cursor in the PCA view, hold down the left mouse button, and
move the mouse. The PCA dot nearest to the cursor is highlighted in color,
and the corresponding spike waveform is drawn inverted (black for white and
white for black) in the main spike window.

This can be a useful and rather entertaining way to learn about the
correspondence between spike waveforms and PCA - for example, outliers
that are far from the center of a cluster usually correspond to rare “difficult”
spikes which could be the superposition of multiple spikes or other anomalies.
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Another useful function which is available only in snapshot mode is spike
invalidation. When the main spike window is in snapshot mode and unit edit
mode, you can use the invalidate tool to remove waveforms from the
snapshot. The main use of invalidation is to remove spikes that are clearly
outliers, stimulation artifacts, superpositions, etc. After doing this, you can
define units using the remaining spikes in the snapshot without the corrupted
or outlier spikes “polluting” the results. To invalidate waveforms in the
snapshot, click on the Invalidate button in the unit editing toolbar:

¢ 5PK Channel 1 - Waveforms (Snapshot] > I X

1] 4| Bt Bl © | 2 Mags 170 3 '¥F|oer P51

: 6 ﬂ El {Deﬁnea unit) L

Invalidate waveforms
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5 The cursor changes to indicate that you are ready to mark waveforms for
invalidation. You can think of this as the inverse of defining units by waveform
crossing, in that the crossed waveforms will be removed rather than used to
define a unit.

6 Click and drag to draw a line across any spikes that you wish to invalidate.
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7 All spikes in the snapshot which intersect the line are removed from the
snapshot.

8 You can continue invalidating waveforms if you wish, until you have finished
“cleaning up” the snapshot as desired.

Once the snapshot is satisfactory, you can use waveform crossing on the
snapshot to create unit templates for template sorting, or draw sorting lines for
line sorting, as previously described.
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8.7 Band Sorting

8.7.1 Overview

Band sorting is a generalization of template sorting. In both methods, each unit is
defined relative to its template, that is, the mean or median of a group of
waveforms. The group of waveforms can either be selected manually, or selected
automatically by an automatic sorting algorithm, as described in these sections:

* Section 6.2, “Selecting Sort Method and Entering Unit Editing Mode” on
page 178

» Section 8.4, “Defining Units for Template Sorting using PCA Contour
Drawing ” on page 250

* Section 9.1, “Introduction to Automatic Sorting (Automatic Unit Finding)”
on page 298.

However, band sorting and template sorting use different criteria for determining
whether each incoming, unsorted spike matches a given unit template.

With template sorting, the sum of squared errors between each point of the unit
template and the corresponding point on the incoming spike is calculated, and
this single summed error value is compared against the error tolerance for the
template. Regardless of the error at any one point on the waveform, as long as the
total sum of squared errors is less than the tolerance, the waveform is assigned to
the unit.

However, with band sorting, the OmniPlex System maintains a set of tolerance
values, one tolerance per template point, which in effect forms a band enclosing
the template (shown below in blue) and defining the per-point amplitude limits
within which an incoming spike must fall in order to be classified into that unit.
(Note that we have the PlexControl Show Filter set to Sorted Unit so that only
sorted spikes are shown, for clarity.)
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You can visualize band sorting in terms of per-point amplitude “error bars” which
define the maximum allowable amplitude difference between the template and
spikes. To illustrate this, we have drawn additional red lines onto the original
PlexControl display to show how at each sample time (x position), the points of
the sorting band are equidistant (in y, or amplitude) above and below the
corresponding template point:

Only waveforms which fall entirely within the sorting band for a unit will be
sorted into that unit. This corresponds to the intuitive notion that spikes from the
same unit form a “bundle” of waveforms which fall within an envelope or band.
By allowing different tolerances to be defined at each point, sections of the
waveform which have less amplitude variance can be defined by a narrower
band, while points which have more variance, such as those in the tail, can have a
larger tolerance.

Now that you understand how band sorting sorts spikes, you can learn how to
define and edit units with band sorting.
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8.7.2 Defining and Editing Units with Band Sorting

The following assumes that you are already familiar with defining and editing
units using template sorting as described in Section 6.2, “Selecting Sort Method
and Entering Unit Editing Mode” on page 178.

To select the band sorting method, stop data acquisition and set the Sort Method
to Band:

i Properties a0Ox
- SPK (Source #6)

On Device Basic Sorting

Channel Type Spike

Channels 512

Channel Grouping | Single

Enabled

Record Enabled 7

Sampling Freq. 40000

Waveform Length 800

Pre-Threshold 200

Sort Start a

Sort End 800

Sort Method Band (=]
- Channel 1 on 5PK (8 Termplate

Mame Line

Enabled Box

Record Enabled

Threshold 2D Polygon Lt

Then restart data acquisition and if necessary, set appropriate thresholds and
collect a spike snapshot, as previously described. Once you have done this and
are viewing either live spikes or a snapshot of the spikes in the main spike
window, click Edit Units:

! SPK Channel 1 - Waveforms

Eﬁflﬁ%ﬁ | 2 Mag: 925 1 " ER | onr 51

You can now define band sorting units using exactly the same methods as for
template sorting, that is, drawing waveform crossing lines in the main spike
window and/or drawing contours around clusters in the cluster display, or by
using the automatic sorting methods. As with template sorting, all of these
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techniques are ways of manually or automatically selecting a set of spike
waveforms which the OmniPlex System then uses to create a unit definition.
The difference is that with band sorting, the “tolerance” part of the unit definition
consists of the set of per-point tolerance values which specify the amplitude
width (height in Y) of the band at each point of the template, rather than the
single sum-of-squared-errors tolerance that is used by template sorting.

For each unit that you define using any of the manual or automatic methods, one
template and its associated band (set of tolerance values) are created. Note that
when you are defining units using the band sorting method, only the currently
selected unit’s band can be displayed:

The Show Current / Show All option is not available because displaying the
bands for more than one band sorting unit at the same time almost always results
in a display that is too cluttered to be usable.

! S5PE Channel 1 - Waveforms
4[] B B O | @ Mag: 1000 3 " ER | onr ]
{3 B B & o5 |(Defineaunit)| 2 |5, > _

Show All/Current Unit

Once you have defined one or more units using band sorting, you may wish to
adjust their templates and/or bands. There are three ways in which you can do
this.

1 Use the mouse to drag a template point up or down, as with template sorting.
The associated pair of band handles, above and below the template point, will
also be automatically moved up and/or down by the same amount, so the
tolerance remains unchanged relative to the template point. We show an
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exaggerated template change here for illustration.

2 Use the mouse to drag a band handle up or down, to change the width of the
band, that is. to increase or decrease the tolerance at that point). Note that
when you drag either band handle, the band handle on the opposite side of the
template moves by the same amount and in the opposite direction. In other
words, if you reduce the tolerance (make the band narrower), this is always
done symmetrically on either side of the template; you cannot define different
tolerances above and below a template point. Editing points on the band does
not change the template itself, only the band.

3 Use the Tolsfor Unit (fit tolerance) arrows in the toolbar to increase or
decrease the width of the band at all points at the same time. All the band
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handles are moved closer or farther away from the template as the fit
tolerance is adjusted.

: SPK Channel 1 - Waveforms

% 7| B &7 Mag: 1200 2 T

g | Tols for Unit a :@\\S‘

With Methods 1 and 2, an additional option is enabled when you hold down the
Shift key while dragging a template or band point—the two points adjacent to the
dragged point are also moved, but not as much as the middle point. This can
reduce the amount of point-by-point editing required to produce a desired change
in the band shape. Here is an example like the one above for Method 2, but with
Shift held down:
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8.7.3

You cannot add or delete template points or band points. However, if you increase
the tolerance at a given band point or points to the maximum, those points will
have no influence on the sorting results, since all spikes will fall inside the band
there. You can use this technique to cause the sorter to “ignore” any section(s) of
a waveform which are noisy or corrupted by artifacts, while closely fitting the
“bundle” of spikes in other sections.

Band Sorting Compared to Template, Line and PCA Sorting

Band sorting uses all of the raw amplitude information in both the unit template
and the spikes being sorted. You can think of a spike waveform as being a single
point in N-dimensional (N-d) amplitude space, for example, 32-dimensional
space for a 32 point waveform. The template is also a point in this N-d space, and
the per-point tolerances are in effect the dimensions of an N-d box centered on
the N-d template point. The band sorting algorithm is then a point-in-box
containment test in N-d space.

By comparison, template sorting uses a looser sorting metric, in that the N
independent tolerances of band sorting are replaced with a single sum-of-
squared-error error tolerance over the entire template. PCA sorting reduces each
spike to a single point in 2D PCA space, discarding the principal components
which contribute little variance, and then doing a containment test using a sorting

polygon.

One of the most productive ways to use band sorting is by using it in combination
with the automatic sorting methods. Band sorting preserves more of the sorting
information produced by an automatic sort than the other sorting methods in the
OmniPlex System and often gives very good results.

Band sorting can be thought of as a restricted form of line sorting where there are
32 sorting lines but they are constrained to be vertical lines at the sample times.
Band sorting is, like template sorting, based on the amplitude differences between
spikes and templates, measured at sample times, whereas line sorting is more of a
geometric method.
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8.8 2D Polygon Sorting

In the same way that line sorting uses the technique of waveform crossing to
perform live sorting of spike waveforms, 2D polygon sorting uses 2D PCA
contours to perform sorting of the projections of spikes in PCA feature space.
Since you already know how to draw PCA contours in live and snapshot modes,
you know almost all the steps involved in 2D polygon sorting. The main
difference is that the contours you draw will be used directly as the actual unit

definitions.

Note:

You can define units for polygon sorting in either live or snapshot mode; for the

examples, we will use live mode.

1 Stop data acquisition, change the sorting mode to 2D Polygon, and restart

data acquisition.

: Properties

= SPK (Source #6)
On Device
Channel Type
Channels
Channel Grouping
Enabled
Record Enabled
Sampling Freg.
Gain
Waveform Length
Pre-Threshold
Sort Start
Sort End

0O x

Basic Sorting
Spike

o4

Single

40000
250
&00
200

]

a00

Sort Method 2D Polygon =]

=| Channel 1 on 5PK (S0 Template

Mame

Enabled

Record Enabled
Threshold

Line
Box

Band

2 Set gain and thresholds if not already set appropriately, and collect a spike

snapshot.

Note:

Setting the gain is applicable to DigiAmp subsystems, not DHP
subsystems.
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3 Perform steps 1 through 5 from the section Section 8.4, “Defining Units for
Template Sorting using PCA Contour Drawing ” on page 250. In other words,
enter unit editing mode and add a unit by drawing a contour around a cluster
in the zoomed 2D PCA view. But now, rather than the contour disappearing
once you have finished drawing it, as was the case in template sorting, the
contour remains onscreen:

: SPK Channell - Clusters - I X
il PR | <7 °nt B
ﬁ . Parzen Mult: 1.0 2 & RN

- - et

Channel 1

B8 SPK - Waveforms | B8] SPK Channel 1 - Clusters | 303D Clusters Properties SpreadSheet
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4 The feature space contour is sent to the sorting device in Server, and each
incoming spike is projected into PCA feature space and tested against the
contour. Points which fall inside a contour are sorted into the corresponding
unit. You can define additional units by drawing their contours. You can use
the Show All / Current Unit button to control whether all the PCA contours
are shown, or only the contour for the currently selected unit.

i SPK Channel 1 - Clusters - I x
G B | 2 e
if Parzen Mult: 1.0 2 £ s

Channel 1

22 SPK - Waveforms | B SPK Channel 1 - Clusters | 30 3D Clusters Properties SpreadSheet
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5 Once you have created a contour, you can adjust it if desired. You can move it
by dragging it by the small square handle; the cursor changes to a four-way
arrow while you are moving the contour:

i SPK Channel 1 - Clusters - B x

E@Eﬁﬁf@ rh | <2 orr 8t

BB E . Parzen Mult: 1.0 % £ =

Channel 1

B & SPK - Waveforms | B SPK Channel 1 - Clusters | 303D Clusters Properties SpreadSheet
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6 You can rotate the contour by holding down the Shift key while dragging the
handle:

i SPK Channel 1 - Clusters - I %
B BiE o m 2 g
Ha e 5 Parzen Mult: 1.0 2 £ -

Channel 1
22 5PK - Waveforms | B4 SPK Channel 1 - Clusters | 30 3D Clusters Properties SpreadSheet
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You can resize the contour by holding down both the Shift and Ctrl keys while
dragging the handle (the small square) towards or away from the center of the
contour:

Note: The combination Shift-Ctrl is used because Ctrl-drag is already in use
as a shortcut for drawing a new unit’s contour.

: 5PK Channel 24 - Clusters
1o PR R ]
BIRE. . Parzen Mult: 070 = & EA B3

—— iy = L | [

i SPK Channel 24 - Clusters
B B S w2

] [N £ p Parzen Mult: 0.70

The sorting parameters are updated (i.e. sent to Server) as soon as you
release the mouse button.
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8.8.1 Cleanup of Hand-drawn PCA Contours

There is an option which automatically “cleans up” your hand-drawn contours by
converting them to ellipses; since clusters are often elliptical in shape, this is a
reasonable assumption. To enable this feature, display the Global Optionsdialog
from the Configure menu and select the option Automatically convert hand-
drawn feature-space contour s to ellipses.

Note:  This will not affect any previously-drawn contours, only ones that you draw after
enabling the option.

Global Options ﬁ

General | Feature Space | Snapshots I Recording Files I Recording Control | Caolors |

Saving and Restoring
[ Automatically Load pxc File on Startup {urless Ctd is held down when PlexControl is started)
(@ Last-Used pxcfile

Default puc file

Persist View Layout and Per-View Options toArom pxc File
Disable Auto-Gain, Threshold, PCA and Sort After Loading & pxc File

[[] Automatically begin Spike Snapshot collection on start of data acquisition

[T Adiust Thresheld and Unit Templates with Gain Changes

[ Re-collect Spike Snapshots and Re-un Selected Analyses After Changes

(Gang together settings for channels within the same sterectrodetetrode

Show status dialog while peforming Auto-Corfigure

Fast updating {requires restart) {use with caution on slower machines)

Allow saving pxc during data acquisition (use with caution at high channel counts)
[ Only report drops during recarding

Abways show live view {not snapshot) while autosorting entire source

A tomatically convert hand-drawn feature-space contours to ellpses

Font size fortext labels 8 points (4 - 24)
[ Shaw full channel names in graphical displays
[¥] Automatically create Exdended Properties Spreadshest

Automatically create Spectral 30 view

[ ok || Ccancel Apply
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Click OK and note how subsequently-drawn contours are replaced with ellipses
as you finish drawing each one:

i SPK Channell - Clusters - I x
@] s E o | 2y
i 5 3 Parzen Mult: 1.0 2§ -

Channel 1

EE SPK - Waveforms H SPK Channel 1 - Clusters | 30 3D Clusters Properties SpreadSheet

You can move, rotate and resize these contours in the same way as previously
described for the non-elliptical contours.
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Note that a heuristic procedure, not a standard fitting procedure, is used for the
cleanup of hand-drawn contours, which gives an excellent fit in typical cases, and
a reasonable result even in pathological cases, such as this one:

¢ SPK Channel 1 - Clusters (Snapshot)
Bl ]
B B Bl & | | Parzen Mult 04 3 £

Al et i

Parzen Mult: 0.4 5 R e

Channel 1 { ot)

£8 SPK - Waveforms (Sn... | B SPK Channel 1 - Clus... | 303D Clusters

Properties SpreadSheet
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8.8.2 Contour Overlap Handling

In cases where a spike's PCA projection falls within the overlap of two or more
contours, by default, the 2D distance from the spike's projection to the center of
each overlapping contour is used as a tie-breaker. This has the beneficial effect of
allowing a small cluster that falls within the “outskirts” of a larger cluster to be
sorted more correctly. The following is not a realistic example, but gives some
idea of how this works:

: SPK Channel 1 - Clusters - I %

E@f B PR | 2 o B

BB B . | | Parzen Mult 07 3§ ||

N

_— — — =

Channel 1

EE SPK - Waveforms E’ SPK Channel 1 - Clusters | 30 3D Clusters Properties SpreadSheet

Spikes within the green ellipse also fall within the large yellow ellipse, but most
are sorted into the green unit since they are closer to its center.

An option allows you to choose either the default behavior described above, or an
alternate method where overlaps are resolved on a “first unit wins” basis. This
option is accessed from the Device Options for the Basic Sorting device in the
topology in Server.
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Edit Device...

Edit Device Options...

Show Device Characteristics...

Add Mew Source To Device... ""

Remove Device

Sorter Device Settings @

Handling of Overlapping 2D Polygon Contours

() First hit wins (in order of unit definitons)

(@) Nearest contour centroid wins

[ Ok, J [ Cancel ]

You can use this to create a user-defined overlap resolution. The order in which
you define units will be used as the priority order for overlap resolution. For
example, if the contours for units b and ¢ overlap, spikes within the overlapped
area will always be sorted into unit b, regardless of the relative overall sizes and
positions of the contours.
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8.8.3 Defining Units by Line Crossing with 2D Polygon Sorting

You can use waveform crossing in the main spike window to select bundles of
similarly shaped waveforms, as described before, to create unit definitions for
polygon sorting. For example, after using automatic unit finding to create the
above two unit definitions, here a group of waveforms are crossed to add a third

unit;

: SPK Channel1 - Waveforms (S5napshot)

g/ B B 7 Mag: 170 3 'WF | o1 peg B8
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: SPK Channel 1 - Clusters (Snapshot) - 0 X
i/ B s A | <7 ont BB g
Bl ;& | | Parzen Mult: 04 2 $4 -

PC2

Channel 1 (Snapshot)

£2 SPK - Waveforms (5n... | B8 5PK Channel 1 - Clus... | 303D Clusters Properties SpreadSheet

As with automatic unit finding in polygon sorting, an ellipse is fitted to the cloud
of points corresponding to the group of waveforms, with the tightness of fit
controlled by the ellipse fit tolerance previously described.
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8.9 Adaptive Template, Band and 2D Polygon Sorting

8.9.1

8.9.2

In adaptive template sorting, the template, band and 2D polygon sorting methods
can automatically update their sorting parameters over time, in response to
gradual changes in incoming spike waveforms. This also allows the system to
refine and improve sorting in some cases where the initial sorting parameters
were not optimal. Adaptive sorting is performed independently for each unit.

Enabling Adaptive Sorting

To enable adaptive sorting, start data acquisition and define one or more sorted
units. Make sure that the SPK source is selected, so the current spike sorting
parameters are displayed in the per-source properties spreadsheet which is by
default displayed at the left side of the main PlexControl window. You can then
enable Adaptive Sort:

: Properties 40X

-1 SPK (Source #6)
On Device Basic Sorting
Channel Type Spike
Channels 32
Channel Grouping  Single
Enabled
Record Enabled
Sampling Freq. 40000
Waveform Length 800
Pre-Threshold 200
Sort Start 0
Sort End 800

_ Sort Method Template

Adaptive Sort

Adaptive Weight  0.010
Adaptive Thresh 15

Template and Band Sorting

For the template and band sorting methods, each unit’s template is updated using
the following procedure. Note that template and band tolerances are not modified
and remain at their original “pre-adaptive” values, although you can modify them
manually at any time if desired.

For each defined unit, a temporary template is initialized to be the same as the
unit’s sorting template (the template that is being used to sort incoming spikes).
The unit’s temporary template is updated using each incoming spike that is sorted
into that unit by the current sorting template (details are given in the next
section). These updates to the temporary template do not affect the sorting
template until the difference between the two templates exceeds a threshold, as
described below. Once the template difference threshold is exceeded, the
temporary template then replaces the sorting template, and the process continues,
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8.9.3

8.9.4

with incoming sorted spikes being used to update the temporary template until
the next time that the difference threshold is exceeded and the temporary template
again replaces the sorting template.

Note that unsorted spikes have no effect on the adaptive sorting procedure.

Updating of the Temporary Template

For each incoming sorted spike, the temporary template for that unit is updated
using a weighted average of the incoming spike and the current value of the
temporary template, using the corresponding points on the two templates. The
Adaptive Weight parameter determines how much each incoming sorted spike
affects the temporary template. If we use the following notation:

temporary template (an array of points)

incoming spike waveform (an array of points)

number of points in S and T arrays (the waveform length)
index into the S and T arrays

adaptive weight (a value between 0.005 and 0.1)

S -2 0n4a

then a pseudocode description of the update process for each incoming sorted
spike is:

for i =1toN
T[i] = ( (1 - W) * T[i] ) + (W * S[i] );

For example, if W = 0.01 (the default value), then:

for i =1toN
T[i] = ( 0.99 * T[i] ) + ( 0.01 * S[i] );

The default W value of 0.01 can also be thought of as, “each incoming spike
contributes 1% to updating the value of the temporary template.”

You can see that for a larger value of W, the “influence” of each incoming spike
will be greater, and the temporary template will potentially change more rapidly,
if the incoming waveforms are changing. However, if W is too large, then the
temporary template will be unduly affected by short-term waveform changes in
individual spikes caused by background noise and minor waveform shape
changes. The goal is for the temporary template to track longer-term changes in
the mean unit waveform, and so the default value for the Adaptive Weight (W) is
small and should only be increased with caution. Adaptive sorting is not intended
to track brief waveform changes, such as decaying spike amplitudes during a
burst.

Updating of the Sorting Template

As described in preceding section, the temporary template will change slightly as
it is updated using each incoming spike, and it will only replace the sorting
template if and when the difference between the two templates exceeds a
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8.9.5

8.9.6

threshold, defined by the Adaptive Thresh parameter. The difference threshold
is based on the sum of squared differences of the two templates, where each
squared difference is taken between the corresponding points on the two
templates. Smaller threshold values can result in more frequent updates of the
sorting template, while larger values cause less frequent updates.

In addition to the Adaptive Weight and Adaptive Thresh parameters, the rate at
which the sorting template can be updated is also controlled by the Min Update
Interval parameters in the Sorter device options in Server, as described later.
However, you can leave Min Update Interval set to its default values until you
are familiar with the use of the basic parameters, Adaptive Weight and Adaptive
Thresh.

2D Polygon Sorting

For 2D polygon sorting, the general concept of using each incoming spike to
modify a set of temporary sorting parameters, until they are different enough
from the current sorting parameters to replace them, is the same. However, here
the sorting parameters are the points of a 2D polygon, which may have originally
been defined either manually by drawing, or automatically by an auto-sort
procedure. For purposes of adaptive sorting, the system calculates the centroid
(center of mass) of the polygon, and uses the feature space projection of each
incoming sorted spike to slowly update the position of the temporary centroid. If
we use the following notation:

cx = temporary centroid (first feature space coordinate)
cy = temporary centroid (second feature space coordinate)
sXx = incoming spike waveform (first feature space coordinate)
sy = incoming spike waveform (second feature space coordinate)

W = adaptive weight (a value between 0.0 and 1.0)

then a pseudocode description of the update process for each incoming sorted
spike 1is:

cx
cY

((L-W) *cx) + (W*sx);
((L-W) *cy) + (W*sy);

For example, if W = 0.01 (the default value), then:

.99 * ex ) + ( 1*gsx);

cX (0.9 0.0
(0.99 *cy ) + (0.01 * sy );

cy

The effect of varying W is analogous to that described for template and line
sorting, but using the centroid rather than the template.

Updating of the Sorting Polygon

For 2D polygon sorting, the Adaptive Thresh parameter determines the
minimum 2D distance between the temporary centroid and the centroid of the
current sorting polygon required in order for the temporary centroid to be used to
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8.9.7

update the sorting polygon. Note that the shape of the sorting polygon is not
affected by adaptive sorting, only its position. In other words, the current sorting
polygon is translated (offset) by the difference between its centroid and the
temporary centroid.

Minimum update interval

If the Adaptive Weight and Adaptive Thresh parameters are set to values that
cause very frequent updating of the sorting template or polygon, there can be two
undesired consequences.

First, if many channels are updating their sorting parameters frequently,
significant system resources can be required, especially on high channel count
systems. For example, if four units are defined on each channel of a 512 channel
system, and the parameters are set such that each template or polygon is updated
once per second, up to 4 * 512 = 2048 template or polygon updates per second
are possible.

Second, independent of any system performance considerations, any one channel
should not normally be updating its sorting parameters too rapidly, since this will
result in tracking undesired short-term waveform variations caused by noise,
intra-burst decay, and so on.

In order to protect against these scenarios, there are two additional adaptive
sorting parameters which “throttle” the maximum rate of template or polygon
updates. These are the Min Update I nterval parameters, and are found in the
Device Options dialog for the Sorter device in OmniPlex Server. To modify these
options, stop data acquisition and right-click on the Basic Sorting device in the
topology diagram in Server:

Edit Device... :
Edit Device Options... [} \

Show Device Charactenistics...

Add New Source To Device... -..,

Remove Device
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Sorter Device Settings X

Adaptive Sorting

Min update interval (global) \075 \ Secs
Min update interval (per chan) [30 ] secs

Handling of Overlapping 2D Polygon Contours
(O First hit wins (in order of unit definitions)

(®) Nearest contour centroid wins

Cancel

The Min update interval (global) parameter determines the minimum time (or
equivalently, fastest rate) between template or polygon updates on any channel.
For example, the default value of 0.5 seconds means that no more than two
templates or polygons can be updated per second, whether on the same channel or
on different channels. In effect, this value limits the maximum load on the system
caused by adaptive sorting. You should only reduce this value with caution, and
when doing so, be aware of any signs of excessive system load, such as stuttering
displays, pauses, data drops, etc.

The Min updateinterval (per chan) parameter determines the minimum time
(fastest rate) between template or polygon updates on any one channel. Every
channel in the system can update at this rate, as long as doing so does not result in
a global update rate that exceeds the limit set by the Min update interval (global)
parameter. Since adaptive sorting is intended to track slow changes to waveform
shapes, you should resist the temptation to set it to very short intervals (e.g. less
than 10 seconds), although it can be instructive to do so when you are first
learning the effects of varying the Adaptive Weight and Adaptive Thresh
parameters.

8.9.8 Adaptive Sorting Notifications in Server Message Log Window

Each time that a template or sorting polygon is adaptively updated, a notification
message is displayed in Server’s message log window:

288 OmniPlex Neural Data Acquisition System



 Messages

Time Message

16:53:38.65  Sort template update: channel 6, unit ¢
16:53:39.35  Sort template update: channel 7, unit ¢
16:53:39.95  Sort template update: channel &, unit ¢
16:53:40.83 Sort template update: channel 9, unit ¢
16:53:41.33 Sort template update: channel 17, unit ¢
16:53:42.09  Sort template update: channel 21, unit ¢
16:53:42.71 Sort template update: channel 24, unit ¢
16:53:43.66  Sort template update: channel 29, unit c
16:53:45.22 Sort template update: channel 12, unit ¢

These messages can provide useful feedback to aid in tuning of the adaptive
sorting parameters. Although the frequency of adaptive sorting updates is in
general data-dependent, a reasonable default approach is to leave the Adaptive
Weight parameter at its default value of 0.01, and then increase or decrease the
Adaptive Thresh parameter until parameter update messages are only seen
occasionally. You can also increase the Minimum updateinterval (per chan),
so that a larger number of spikes are used for each update.

Of course, you can use the main current-channel spike display (or for polygon
sorting, the 2D cluster display) in unit editing mode to view the unit templates (or
polygons) for a channel in order to observe the changes that are made at each
adaptive update; these changes should be incremental and smooth, not large and
abrupt. If this is not the case, you can adjust the parameters described above so as
to prevent the adaptive algorithm from reacting to short-term fluctuations in
waveform shape that are due to noise, within-burst amplitude variations, etc.
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8.10 Spike Sorting Quality Metrics

The system can calculate one or more of a set of metrics which are intended to
measure the quality of unit clusters in feature space. There are multiple metrics
because there is no universal agreement on the best criteria for cluster quality,
although as of this writing, | solation Distance and L Ratio are widely used.

8.10.1 Sort Quality Metrics in the Extended Properties Spreadsheet

The system displays the sort quality metrics in the right hand part of the
Extended Properties Spreadsheet (the red lines were added to emphasize this).

: Extended Properties Spreadsheet for 'SPK’ o x
Name LPF LP Freq LP Type LP Poles| HPF HP Freg HP Type HP Poles] I=o Dist LRatio J3 P=zeudoF Short IS1 Sorted
==1 [SPKO1 off i— — On 300.0 Bessel 4 2184 10209 1515 280 026 LEE:
2 |SPKD2 off i— — - On 300.0 Bessel 4 4288 4713 1.544 2911 025 80.0
3 |SPKO3 off i— — - On 300.0 Bessel 4 4147 2.085 1511 (2.895 — 79.0
4 |SPKD4 off i— — - On 300.0 Bessel 4 2734 5.078 1539 (2908 025 796
5 |SPKOS off i— — - On 300.0 Bessel 4 3629 0.943 1734 (29438 — 8086
6 |SPKDS off i— — - On 300.0 Bessel 4 3874 0.545 1438 (2903 025 81.4
7 |SPKOY off i— — - On 300.0 Bessel 4 3.249 0.352 1.554 (2895 0.26 76.8
8 |SPKO2 off i— — - On 300.0 Bessel 4 1772 1.883 1.523 (2902 025 79.4

Iso Dist, L Ratio, J3, and Pseudo-F are all cluster quality metrics calculated in
feature space, while Short 1Sl and Sorted are metrics which do not relate to
feature space.

Iso Dist

Iso Dist (Isolation Distance) is a measure of how distant the non-unit spikes are
from the spikes in the unit under consideration. It can be visualized as the radius
of an ellipsoid in feature space that contains an equal number of within-unit
spikes and non-unit (noise) spikes. Isolation Distance is therefore not defined for
situations where a unit contains more spikes within it than exist outside of the
unit. Large values of Isolation Distance indicate a well-separated unit; the
ellipsoid radius had to be made very large to include as many non-unit spikes as
there were within-unit spikes.

Note: For the mathematical definitions of the L-Ratio and Isolation Distance, see:
N. Schmitzer-Torbert, J. Jackson, D. Henze, K. Harris, A.D. Redish.
Quantitative Mesaures of Cluster Quality for use in Extracellular Recordings,
Neuroscience, 131 (2005) 1-11

LRatio

L Ratio (also referred to as L-Ratio) is a measure of the amount of noise near the
unit, where noise in this case means waveforms that are not assigned to the unit
under consideration. A low value of L-Ratio indicates that the unit is well-
separated and not contaminated by nearby spikes that are not assigned to the unit.
The value of L-Ratio is essentially a weighted sum over waveforms not assigned
to the unit under consideration, with the weight determined by how close the
‘foreign’ waveform is to the unit center. Foreign spikes that are close to the unit
center hurt more (and contribute more to the value of L-Ratio) than those further
away.
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J3
J3 is a non-parametric measure of the quality of sorting (i.e. no normality
assumptions are involved).

J3 =1J2/J1, where J1 = XXE(f(u,1)-m(u)) is a measure of the average distance in
feature space between points in a cluster (f) from their center (m). E(x) represents

the Euclidean distance squared (% * x). The summations are over units u, and
over feature vectors (points) in each unit i.

J2 =2N(u)E(m(u)-m) is a measure of the average distance between unit clusters.
The summation is over units u, N(u) is the number of points in unit u, E(x)
represents the Euclidean distance squared. m(u) is the cluster center for unit u,
and m is the grand center of all points in all units.

So J3 takes on a maximum value for compact, well-separated clusters.
Note:  For further information on the J3 value, see Wheeler, Bruce C., Automatic

Discrimination of Single Units in Methods for Neural Ensemble Recordings, ed.
by Nicolelis, M., CRC Press, Boca Raton, 1999

Pseudo-F

The Pseudo-F statistic is closely related to the J3 statistic. It is essentially J3 that
has been adjusted for the number of waveforms and the number of units.

Pseudo-F = (N-g)/(g-1) J3
where N is the total number of waveforms, and g is the total number of units.

Short ISI

Short ISl, is the percentage of spikes whose interspike interval (ISI) is less than
the Minimum Refractory Period defined in the Units window options:

Short Inter-Spike Interval Warning

Minimum Refractory Period : 1000 usecs

% of Short ISI for Full Short-ISI Bar Height 10 %

See Section 6.6, “The Short-ISI Indicator” on page 191 for more information
about the short ISI warning.

Sorted
The Sorted column reports the per-channel percentage of spikes which are
sorted, that is, assigned to any unit.

As with the other sort quality metrics, the percent-sorted is updated periodically
on a rolling basis, using the most recent 500 spikes on each channel.
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Note that percent-sorted is not a sort quality metric in the same sense as the other
metrics, where a larger or smaller value is directly proportional to some aspect of
the sort quality. For example, you could define a single unit on a channel which
actually contains multiple units, but with a very large sorting tolerance which
results in 100% of the spikes being sorted into that unit. However, the actual
sorting quality, as indicated by the other metrics, would be very poor. For
example, in this hypothetical “one unit for all the spikes” case, the Short ISI
percentage would probably be very high, the Iso Dist would be very small, and so
on, indicating that more than one unit is being “sorted into” a single unit. Ideally,
you would have a high percentage of sorted spikes, in conjunction with good
values for the other sort quality metrics, but it is generally not recommended to
pursue a high percent-sorted as your primary goal in spike sorting.

Also keep in mind that if you have set an unusually low threshold on a channel
(this would be more likely with manually-set thresholds where a user is “trying to
find a spike in the noise,” and less often when auto-thresholding is used), it is
likely that a significant number of “spikes” are actually thresholded noise. In such
a case, you would want these noise spikes to remain unsorted, with a
corresponding reduction of the percent-sorted metric.
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8.10.2 Displaying Sort Quality Metrics

You can choose which metrics are displayed in the Extended Properties
Spreadsheet using the Sort Quality page of the Spike Snapshot Options
dialog:

Spike Snapshot Options @

Collection | Sorting / Auto Sorting | Sort Quality | Sources

Sort Quality Monitoring
Enable
Sort Quality Metrics
Isolation Distance
[¥] LRatio
13
Pseudo-F
Short ISI %

Disabling metrics that are not of interest simplifies the spreadsheet (the
corresponding columns are not displayed) and reduces the amount of processing
needed to periodically update the metrics, which can be significant at high
channel counts or fast update rates.

8.10.3 Metrics Calculation

The system calculates the metrics whenever units are added or removed on a
channel, based upon the most recent sorting of the channel’s spike snapshot. It
can also periodically recalculate the metrics based on the sorting of the live
incoming spikes. This is done by recalculating the metrics on the most recent
spikes on each channel, 500 spikes per channel by default. Since some metrics
are somewhat expensive to calculate, particularly | solation Distance and

L Ratio, this is done on a rolling scheme whereby a given number of channels are
periodically updated. For example, by default, each second the next four channels
are updated:
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Live Updating
Update interval (sec) 1 =
Channels per update 4 =
Smoothing
Restore Live Updating Defaults ]

Mote: Reducing the update intervals and/or increasing
the number of channels per update can increase
system load, espedally when all metrics are enabled.

Therefore, on a 32 channel system, it will take eight seconds to update all 32
channels. The default is fairly conservative (a moderate update rate) but you
should increase the update rate with caution.

By default, each time a channel’s metrics are recalculated, the results based on
the most recent 500 spikes are displayed. In some cases, you may wish to apply a
moving average filter to smooth the results. If a Smoothing option other than
Noneis selected, a moving average of the previous metric and the most recent
metric is performed.

8.10.4 Channel Ranking Based On Sort Quality Metrics

You can use any of the sort quality metrics as the criteria for channel ranking. To
do so, simply select the desired metric from the Ranking Criteria dropdown list:

Waveform Display Options
Display '
Channel Grid
Rows: 4 : Columns : 8 : Zoom with Chain
Arrange Channels in Row-Major Order

[¥] Arrange Channels in Rank Order

Ranking Criteria: [Sort quality (IscDist) X
o _ |None (disabled last)
|| Apply Rankin Firing rate
Total spike energy
MNumber of units

[7] Show Channel Numk Number of units, then firing rate hot
= Number of units, then spike energy

When Zoomed Sort quali Ratio

[¥] show Threshold Sort quality (13) k j

Sort quality (PseudoF)
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Recall that channel ranking is calculated from the spike snapshot and is not
updated from the live data. For additional information on channel ranking, see
Section 13.7, “Channel Ranking” on page 437.
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9 Automatic Spike Sorting

9.1 Introduction to Automatic Sorting (Automatic Unit Finding)

9.1.1 Automatic Sorting Methods

There are several types of automatic sorting algorithms. These are selectable in
the Spike Snapshot Optionsdialog, which is accessed by clicking the Snapshot
Options button in the SPK -Wavefor ms window.

: SPK - Waveforms
@ /| Bl D & Mag 100 2 "V BR | o [i

B!

| Collection | Sorting / Auto Sorting | Sort Quality | Sources|

Auto Sort Parameters
Algorithm : "l.n'allvaﬁ,.I Seeking " [ l;'::;?;i%ﬂ:ﬁ; ace
Parzen MLgﬁéiEil:E:E;Dg;EE?EEHtEFS} % produce fewer units)
Peak Seeking —
1

Automatic sorting might be more accurately described as automatic unit finding
or unit definition. Automatic unit finding can be performed while PlexControl's
displays are in either live or snapshot modes, but the actual unit finding algorithm
always creates unit definitions based on the spikes in the snapshot. These unit
definitions are then sent to Server and used to sort the live incoming data, just as
with manually defined units.

» Valley Seeking: A non-parametric method based on local density measures.
See Section 9.2, “Automatic Sorting—Valley Seeking Method” on page 301.

» T-Distribution EM: T-Distribution Expectation Maximum (TDEM)—
A method which assumes that the clusters in feature space (each cluster
representing the spikes from one neuron) can be modeled as t-distributions.
See Section 9.3, “Automatic Sorting—TDEM Method” on page 308.

» Peak Seeking: A non-parametric, density-based automatic spike sorting
method based on the concept that good cluster centers are points of high local
density which are maximally distant from points of higher density. See
Section 9.4, “Automatic Sorting—Peak Seeking Method” on page 310.
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» The Guided (specific centers) option is a semi-automatic algorithm. See
Section 9.5, “Semi-automatic Sorting—Guided Spike Sorting” on page 311.

Choosing the best auto-sorting algorithm and parameter values

The choice of auto-sorting algorithm and the appropriate value for the Parzen
radius (for the valley seeking method), the degree of freedom (DOF) multiplier
(for the TDEM method), or Sigmas (for the peak-seeking method) is somewhat
data-dependent. A description of these issues is beyond the scope of this
document, but you should work with both methods and observe the effects of
adjusting their respective tuning parameter in order to get a feel for the
differences and tradeoffs between them. The sort quality metrics provide one way
of comparing the results of the different auto-sorting methods (see Section 8.10,

“Spike Sorting Quality Metrics” on page 290). Note that you can use Plexon®
Offline Sorter™ software as a convenient platform for gaining experience with
the auto-sorting methods using your previously-recorded data files, as opposed to
live data. Refer to the Offline Sorter user guide for additional information and
references on valley seeking and TDEM.

In addition to template sorting, automatic unit finding can produce unit
definitions for the line, band and 2D polygon sorting methods. For information
on those methods, see:

» Section 8.1, “Line Sorting” on page 226
* Section 8.7, “Band Sorting ” on page 264
* Section 8.8, “2D Polygon Sorting ” on page 271

Note:  Automatic unit finding cannot be used with box sorting.
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9 Automatic Spike Sorting

9.1.2 Initial Procedure

1

To see how automatic unit finding works, first make sure that you have
collected a spike snapshot, and have toggled into snapshot mode, as
described in the previous section.

If the PCA view is not already in single-channel (zoomed) mode, double-click
on a channel in the multichannel PCA view to zoom it. You should now see
something like this:

: SPK Channel 1 - Clusters (Snapshot) - 0 X
i/ B rh | <7 o= PET

A 3 ] 5 | (Select unit) Parzen Mult: 0.7 2 £ | ¥ -

O S S S —

Channel 1 (Snapshot)

EE SPK - Waveforms (Sn... E’ SPK Channel 1 - Clus... | 30 3D Clusters Properties SpreadShe...

Continue configuring the system according to the method you want to use:

* Valley Seeking: Section 9.2, “Automatic Sorting—Valley Seeking
Method” on page 301.

« T-Distribution EM: Section 9.3, “Automatic Sorting—TDEM Method” on
page 308.

+ Peak Seeking: Section 9.4, “Automatic Sorting—Peak Seeking Method”
on page 310.

* Guided (specific centers): Section 9.5, “Semi-automatic Sorting—
Guided Spike Sorting” on page 311.
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9.2 Automatic Sorting—Valley Seeking Method

Follow these steps to use the valley seeking autosorting method.

1
2

Perform the steps in Section 9.1.2, “Initial Procedure” on page 300.

To choose Valley Seeking, use the Algorithm drop-down list in the Sorting/
Auto-Sorting page of the spike snapshot options:

: 5PK - Waveforms (5napshot] s

Va3

' Spike Snapshot Option:

Sorting / Auto Sorting
N\

Collection

| &7 Mag: 170 3 ' ER

| OFT

Sort Quality | Sources

Auto Sort Parameters

Algarithm : |1.-'alley Seeking

Use 3D Feature Space

- | ,
even for 2D Views

Parzen Multiplier 0.7

5

=
[=
m
[M=]
m
]

Y

(Larger values produce fewer units)

(1]

Click on the Automatically Find Units button in the toolbar:

i 5PK Channel 1 - Clusters (Snapshot)

&l Bt | P | <2 o=t 11

@ B B & | (Select unit)
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9 Automatic Spike Sorting

4 The automatic unit finding algorithm sorts the spikes in the snapshot by
looking for clusters of their projected PCA points, then averaging the
corresponding waveforms for each sorted unit to create a new unit definition
(template, bands, lines, or contours). In other words, the unit finding is
performed in PCA space, then the results of the sorting are used to produce
unit definitions for the actual sorting of incoming data.

! S5PK Channel1 - Clusters (Snapshaot) - O X
i/ B Al < ot 1A

A Bl 5 |UnitcFitTol:0040 Parzen Mult: 07 3 £} | ¥

—_—— —————————— e —_—— . _— ]

Channel 1 {Snapshot)

£8 SPK - Waveforms (Sn... | B SPK Channel1 - Clus... | 303D Clusters Properties SpreadShe...
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5 You can use the Show Snapshot button to toggle back to viewing the live
data, to see the results of the unit finding (which was performed based on the
snapshot) being applied to incoming spikes:

: SPK Channel 1 - Clusters - 3 x
(B | B D | e <2 onT BEL B

—_—— ——— ———————— e —_—— —_———_— — —

Channel 1 PCA

%E SPK - Waveforms E’ SPK Channel 1 - Clusters | 30 3D Clusters | B Properties SpreadSheet
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9 Automatic Spike Sorting

6

If you are not satisfied with the results, there are two different ways in which
you can modify the results of the automatic unit finding process. For template,
line, or band sorting, you can adjust fit tolerances for any of the found units,
just as you would for units that were created manually. However, this assumes
that the automatic unit finding located an appropriate number of units based
on its default settings, which was the case in the above example, where it
found the same three units that we would have defined manually. However,
depending on your data, you may decide that the automatic procedure was
“too sensitive,” e.g. unnecessarily split one cluster into two or more units, or
was “too coarse,” i.e. inappropriately merged two or more separate clusters
into a single sorted unit. To address these issues, the automatic unit finding
algorithm provides what is in effect a unit-finding sensitivity control, called the
Parzen Multiplier, which is a parameter of the underlying valley-seeking
algorithm.

: 5PK Channel 1 - Clusters (S5napshot) - 1

/ BB m omel

(B3 A B3] & |Unit cFit Tol: 0.040 J Parzen Mult: 0.7 * g

Unlike the fit tolerance, which is a unit definition parameter that can be
adjusted retroactively, i.e. after a unit template has been defined, the value of
the Parzen Multiplier is used the next time that automatic unit finding is
performed. In other words, if you wish to change the value of the Parzen
Multiplier, you must then perform another round of automatic unit finding,
whose results (i.e. unit definitions) will then overwrite the previous ones.

As a general guideline, to find more clusters, reduce the Parzen Multiplier
value; to find fewer clusters, increase the Parzen Multiplier. However,
automatic unit finding, which is in essence an unsupervised classification
problem, is a complex task, especially when dealing with noisy data, and you
will sometimes find counter-intuitive results when you change the Parzen
Multiplier. Fortunately, the default value of 0.7 works well with many types of
spike data.

Automatic unit finding on all channels

1

The OmniPlex System can also perform automatic unit finding on all spike
channels, instead of one at a time. To do this, it is recommended that you first
unzoom the PCA display, i.e. return to a multichannel PCA view, by double-
clicking in the view if it is zoomed. This is so that you can see the progress of
the automatic unit finding as it works through all the spike channels. You can
view either the multichannel spike or multichannel PCA views, according to
your preference. Also, make sure that you have collected a spike snapshot.

If you already have units defined on some or all channels, you may wish to

remove them before starting the automatic unit finding. This is optional, since
the unit finder will delete any existing units on each channel it processes, but
it makes it easier to view the channel-by-channel progress of the unit finding if
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you start from scratch. To do this, use the Delete All Units on All Channels
command in the Configure menu:

=

wControl - PlexControll

i File

View Display

Configure | Data Window FRun  Help

|1ndU| WELE *m

: Tasks

Configure Al

: Properties
-I SPK (Source #6)
On Device B
Channel Type |5
Channels 6

System

iy, Create View |
for Sources

Z% Automaticall

Channel Groupir 5
Enabled

Record Enabled |[J ®

Sampling Freg. 4
Gain 2

oPT
-.-

View Options...
Global Options...

Auto-Configure All Sources...

Collect Mew Snapshot for Source...

Collect Mew Snapshot for Channel...

Take Snapshot for Source
Take Snapshot for Channel
Rename Channels

Aute Sort current Source

Auto Sort current Channel

Add Mew Unit

Waveform Lengl 8

Delete All Units on All Channels

Pre-Threshold | 2

Refresh

Sort Start ]

OFT OFT
e e

Hag: 1.7

After all units have been deleted (this may take a few seconds on high

channel count systems), make sure that the SPK source is selected; you can
do this by clicking on either the main spike window, or the multichannel spike
or cluster views:

: SPE - Clusters

P | B
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9 Automatic Spike Sorting

4  Select Auto Sort current Source from the Configure menu to begin the
automatic unit finding:

E.‘E PlexControl - PlexControll

Eile Niew Display | Configure | Data Window Bun Help
: e T T ——
e S g o1 View Options... " |
&3 ; Tasks “e: Global Options...
m Mag: 1.70
g'_ System
= s % Auto-Configure All Sources..,
= was Create View |
—3 for Sources

\ Autormaticall Collect Mew Snapshot for Source..

Confiqure Al Collect Mew Snapshot for Channel...
iabiGEENiS Take Snapshot for Source
-I SPK (Source #6) Take S hot for Ch I

On Device B ake Snapshot for Channe

Channel Type | S Rename Channels

Channels b Auto Sort current Source .

Channel Groupir 5 Auto Sort current Channel a3

Enabled =

nable B Add New Unit

Record Enabled [

TIP
? Auto Sort grayed out
(% If the Auto Sort menu item is grayed out, it is probably because the

= SPK source is not currently selected.
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5 As the automatic unit finding proceeds, you can see which channels have
been processed by watching the multichannel spike or PCA views:

i 5PK - Waveforms > 1 X

i | B &7 Mag: 100 3 "F | onT pET L

] %E SPK - Waveforms E’ SPK - Clusters | 3D 3D Clusters Properties SpreadSheet

6 For performance reasons, it is recommended that you view the live data, not
the spike snapshot, while a multichannel auto-sort (unit finding) is in progress.
In fact, if you have the snapshot displayed and begin a multichannel auto-sort,
PlexControl will toggle the views back into live mode, to avoid this problem.
However, once the auto-sort has completed, you can switch back and forth
between live and snapshot modes as usual.

TIP
? Monitor auto-sorting
If you select the highest-numbered SPK channel in the multichannel
MG display (e.g. channel 64 in the example above), you can watch the
main spike window to see when sorted spikes start to appear, as an
easily visible indicator of when auto-sorting has finished on all
channels.
TIP
? Allow auto-sort to complete
Do not start another auto-sort while an auto-sort is already in
. Y, progress; in general, allow an auto-sort to complete before adding,
deleting, or replacing units.
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Remember that automatic unit finding is just another tool for creating unit
definitions, and the unit definitions that it produces can be used as-is or
augmented manually. For example, you may wish to set the Parzen Multiplier to
only find large, obvious clusters, then manually inspect the results and manually
add units corresponding to smaller or less distinct clusters that are not as easily
found automatically. You might decide to delete or manually replace some of the
automatically-found units, but leave the majority of them as is. Such approaches
can give the best of both worlds, automatic and manual, while saving
considerable time compared to defining every unit on every channel manually.

9.3 Automatic Sorting—TDEM Method

Section 9.1, “Introduction to Automatic Sorting (Automatic Unit Finding)” on
page 298 includes a description of an auto-sorting algorithm, known as valley
seeking. Valley seeking is a non-parametric method based on local density
measures, and gives very good results in many cases, but it is not always ideal.
The system also supports an auto-sorting algorithm called t-distribution
expectation maximization, or TDEM for short. TDEM works on the assumption
that the clusters in feature space (each cluster representing the spikes from one
neuron) can be modeled as t-distributions, so that the entire set of clusters on each
channel is a mixture of t-distributions. The TDEM algorithm solves a global
optimization problem to find the set of t-distributions which best fit the observed
clusters on each spike channel.

Follow these steps to use the TDEM autosorting method

1 Perform the steps in Section 9.1.2, “Initial Procedure” on page 300.

2  Tochoose TDEM, use the Algorithm drop-down list in the Sorting/Auto-
Sorting page of the spike snapshot options:

5PK - Waveforms

Collectiorl Sorting / Auto Sorting kortQuaIity Sources

Auto Sort Parameters

Use 3D Feature Space

Algorithm : | T-Distribution E-M v| |e SO reane o

DOF Multiplier 5 = (Larger values produce fewer units)

3 Adjust the value of the parameter and then click the Automatically Find
Units button to redo the auto-sort using the current value of the parameter.

The degrees-of-freedom multiplier, or DOF multiplier for short, is analogous to
the Parzen multiplier used in valley seeking. It is a tuning parameter that
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allows you to influence the number of clusters that are found by auto-sorting.
With either algorithm, you can see the effect of adjusting the parameter while
viewing the PCA snapshot, since clusters are found in the PCA snapshot and
then used to derive the sorting parameters for the currently selected sorting
method (template, line, band, or 2D polygon) which are then applied to the
live incoming spike data.

: SPK Channel 1 - Clusters (Snapshot) ~ 0
i/ B Pa | 7 o B8 |

A B & a5 | Unit b Fit Tol : 0.052 DOF Mult: 5.00

Automatically Find Units
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9 Automatic Spike Sorting

9.4 Automatic Sorting—Peak Seeking Method

Peak seeking is a non-parametric, density-based automatic spike sorting method.
It is based on the concept that good cluster centers are points of high local density
which are maximally distant from points of higher density.

1 To begin using the peak seeking method, perform the steps in Section 9.1.2,
“Initial Procedure” on page 300.

2 Then select Peak Seeking from the list of auto sort algorithms in the Sorting/
Auto Sorting page of the Spike Snapshot Options dialog:

: SPK - Waveforms
(@ /| BB S| P Mag 100 2 E"iﬁﬁmr

¥ -
Spike Snapshot Options &J

Callection | Sorting / Auto Sorting | Sort Quality | Suurcesl

Auto Sort Parameters

Algorithm : [Peak Secking '] SSEHBEDFFZ%%E.ESDBCE
Valley Seeking
T-Distribution E-M

Guided (specified centers

Peak Sigmas 2 = (Larger values produce fewer units)
Auto-merge after auto-sort 0.5 Tolerance (Jarger = fewer units)

Similarly to the other automatic sorting algorithms, peak seeking has a tuning
parameter, in this case named Peak Sigmas, which controls the sensitivity of the
algorithm. The default value of 2 will usually detect reasonably well-defined
clusters and will avoid overfitting. Larger values will detect only the largest and
most well-defined clusters, and so are even “safer,” but low density clusters may
be missed. A value of 1 will result in more clusters being found; values less
than 1 are generally not recommended.

There is also an optional auto-merge step that post-processes the clusters found
by peak seeking, merging clusters with similar templates (note that this works
even if you are not using template sorting). Peak seeking using low values of
Peak Sigmas can detect spurious clusters that are the result of sampling jitter
splitting a single cluster in two. Note that you can use aligned extraction (see
Section 15.4.4, “Thresholding By Aligned Extraction” on page 495) to minimize
this jitter. These can be faintly distinct clusters in feature space that are in fact the
waveforms from a single unit.

Because such clusters may have mean waveforms that are similar in shape but
slightly offset in time, standard Euclidean distance is a poor similarity metric
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for auto-merging them, and the system instead uses a distance measure which
accounts for minor time offsets between templates. When you enable
Auto-merge after auto-sort, you can specify the merge tolerance, where larger
values result in more merges being performed and therefore fewer units. Typical
values for the merge tolerance are in the range 0.5 — 1.0. Please note that if you
use the default Peak Sigmas value of 2, auto-merging is usually not needed and
should be left disabled.

9.5 Semi-automatic Sorting—Guided Spike Sorting

Guided sorting is a semi-automatic method for defining units. Like the fully
automatic methods, it classifies (clusters) spikes in the spike snapshot. However,
Guided sorting requires “hints” from you, in that you click the mouse to indicate
the approximate center of each unit’s cluster. In other words, you provide the
initialization for the automatic sorting algorithm. This can be useful in situations
where some units fire very infrequently, making them difficult for a fully
automatic method to find, and/or clusters are very poorly separated, leading to
sub-optimal results from the fully automatic methods.

1 To begin using the peak seeking method, perform the steps in Section 9.1.2,
“Initial Procedure” on page 300.
2 Click on the Snapshot Options button, then select Guided (specific
centers) from the Algorithm dropdown.
: SPK - Waveforms
L /| BB D | P Mag: 100 3 BB | oS

v

' Snapshot Options

Collection | Sorting / Auto Sorting | Sort Quality | Sources |

Auto Sort Parameters

N e Srae
Algorithm : [Guided (specified centers) v] I;?_;_:Eﬁfégtlf_'.li:,_ch"e

Valley Seeking ’

T-Distribution E-4M

Peak Seeking
——

1

Auto-merge after auto-sort | 0.5
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9 Automatic Spike Sorting

Click OK (at the bottom of the Spike Snapshot Options page).
4 Go to the Clusters 2D view, enter unit editing mode and view the snapshot.

Notice that the Find Units toolbar button and menu item are initially grayed
out, because you haven’t defined any cluster centers yet. However, the Add a
cluster center button to its right is enabled. Click this button to begin defining

clusters:

i SPK Channel 1 - Clusters (Snapshot)

E%L/ B E pLA | <7 91

Add a cluster center

6 Click on one or more cluster centers.

Note: When you click on a cluster center, the center position is shown as a
colored crosshair marker. Each click defines the approximate center
of a unit. Note that no spikes have been sorted yet.
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7 (Optional) If you want to remove the last cluster center (i.e. undo it), or start
over, there is a toolbar button for Remove Last Cluster Center, and there are
right-button menu items for removing the last or all centers:

Add Cluster Center Hint

Remove Last Cluster Center Hint
Remaove All Cluster Center Hints !}J
Automatically Find Units

8 When you are done defining all the cluster centers, click Automatically Find
Units, either from the menu or the toolbar, to define units based on the hints
you provided.

it 070 3 (G| EA B | o

ratically Find Units

Remowve Last Unit

Add Cluster Center Hint

Remove Last Cluster Center Hint

Remowve All Cluster Center Hints

|R Automatically Find Units

Disable Channel

Guided sorting is guaranteed to find the exact number of clusters you specified
and unless you provide a very poor set of hints (e.g. clicking between clusters
instead of near their centers), will result in cluster means that are close to the
center hints you provided.

Note that the cluster center hints are temporary; they only exist until you click
Automatically Find Units. They cannot be edited (except for removing the most
recent hint), and if you switch to a different channel while in the middle of adding
hints they will be removed.

Once you have familiarized yourself with Guided sort, you will find that defining
units this way can be very fast, since you don’t have to draw contours around
clusters, only click once for each unit.
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9 Automatic Spike Sorting

9.6 Automatic Spike Sorting in the Line Sorting Method

Note:  For a manual (non-automatic) method of line sorting, see Section 8.1, “Line
Sorting” on page 226.

Automatic and guided spike sorting can be used with the line sorting method. The
result is a set of sorting lines that follow the “path” of the spike waveforms for
each unit. In the following picture we have set the Show filter to Selected Unit
and set Show All /Current Unit to the “Show Current Unit” mode, to remove the
waveforms and sorting lines for the other units on this channel. (The Show All /
Current Unit button will turn blue and show the template for the selected unit
only.)

& %H DAy Q@ R E [ ¢ &y op 40 0P| Show Selected Uni v | R B
! SPK Channel 1 - Waveforms -

@ el &# Mag B00 2 HEER ‘HEE
.E@E: R Tols forUnitb: -|-\k =~ |

Show All/Current Unit

Note:  After a set of sorting lines has been created by automatic sorting, or as the
result of drawing a contour in a cluster view, you can manually modify or delete
any of the generated lines, or add more lines, as previously described.
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9.7 Automatic Unit Finding with 2D Polygon Sorting

You can also perform automatic or guided unit finding while in 2D polygon
sorting mode. The main difference relative to template sorting is that the unit
finding creates unit definitions consisting of ellipses that are fit to the clouds of
sorted PCA points.

! SPK Channell - Clusters (Snapshot) - 0 X

/' B oA | <7 on 8T g

3 ﬁ & Parzen Mult: 0.4 2 R e

Channel 1 {(Snapshot)

£2 5PK - Waveforms (Snap... | B 5PK Channel 1 - Clusters... | 303D Clusters Properties SpreadSheet

You can adjust how tightly the ellipses are fit to the clouds of sorted points from
the unit finding algorithm. To do so, display the Spike Snapshot Optionsdialog,
using the toolbar button:
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: 5PK Channel 1 - Clusters (Snapshot)
@8l 4| 8 B D | ra | 7 o [o

Bl & | | Parzen Mult: 04 2

£y [ |

Snaphu:ut Options

Spike Smapshot Options u

Collection | Sorting / Auto Serting | Sort Quality | Sources |

Auto Sort Parameters

v] |Use 3D Feature Space

Algorithm : ['l.n'allvay-I Seeking aven for 0 Views

Parzen Multiplier 0.4 = (Larger values produce fewer units)
DOF Multiplier : {Larger values produce Fewer units)
Peak. Sigmas : {Larger values produce Fewer units)

Auto-nerge after autosort | 0.5 Talerance (larger = fewer units)

Initial Fit Tolerances for Template Units
() et to a constant value of 0.1

@ Sette 1 times the standard deviation of waveforms

[] Use robust statistics to determine template parameters

Initial Fit Tolerances for Band Units
@5etto 3 times the standard deviation of waveforms
[] Use robust statistics to determine band parameters

(77 et to min/max of waveforms

Initial Fit Tolerances for Line Units
@5etto 3 times the standard deviation of waveforms
[] Use robust statistics to determine band parameters

() 5et to min/max of waveforms

( Fit Tolerances for 2D Ellipses
2 times the standard deviation of feature points

[] Uze robust statistics to determine elipse parameters

N\

J [ Cancel
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This value (which should not be confused with the fit tolerance for template
sorting) controls the tightness of fitting of all generated ellipses, except for those
that result from cleaning up hand-drawn contours.

You can move and rotate the automatically-generated contours, just like
manually-created ones. Of course. you can also modify the Parzen Multiplier and
run another round of automatic unit finding, as previously described.
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10 Digital Inputs

10.1 Digital Input Card Configuration Types

If you have the basic OmniPlex® chassis, the Digital Input (DI) card may be
installed. If you have the newer eChassis, the DIN card (also known as the DINe
card) may be installed.

You can use the basic chassis and DI card with all OmniPlex software releases.
You must have Release 18 or later to use the eChassis and DINe card.

Note: If you have recently upgraded the OmniPlex Server software, the system might
display a dialog “DHP Firmware Update Warning.” Upgrading your firmware is
recommended, because it will provide updates such as enhanced protection
from severe transient noise in the environment, operation with additional
chassis cards and higher channel counts. The DIN update (DIN 2.2) fixes a
problem with the low-true logic option in Individual Events mode. Note that the
DIN update is only needed by and applicable to the new eChassis systems;
look for “DIN” or “DINe” on the front panel of the digital input card. To perform
the firmware upgrade, see "Appendix K: Firmware Upgrade for DHP Unit" on
page A-84.

10.2 General Description, DI Card and DINe Card

The DI (or DINe) card allows you to input signals from external digital sources,
such as behavioral systems, switches, levers, etc. These digital input signals are
detected by the DI/DINe card, timestamped with a resolution of 25 microseconds,
and written to the Main Datapool as channels within one of two digital input
sources, either-Individual events or Event word, as described below.

The DI/DINe card has two front panel 26-pin connectors, referred to as Port A
(lower) and Port B (upper). The two ports are identical except that the RSTART
(level-triggered recording) input is only present on Port A (pin 24). On both
ports, pin 22 is the data-ready (strobe) flag, used only when the port is configured
for Event word. Each port can be configured to detect individual events or an
event word, and operate with high-true or low-true logic.

For details on the DI and DINe card pinout assignments, see Appendix J:
Hardware Pinouts, Connections and LEDs.

CAUTION
Do not apply voltage <0V or >+5.5V to the pins

Input voltages to the pins on the digital input card (DI and DINe
versions) must always be between OV and +5.5V. Voltages outside this
range can damage the card. Never apply negative voltages to the pins.

Note: The DI/DINe cards have internal protection circuitry, and are
designed to accept voltages within the specified range (0V to +5.5V)
whether the OmniPlex chassis is powered on or off. However, it is good
practice to avoid driving voltages, such as TTL pulses, into unpowered
devices.
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Note:  These voltage limits (OV and +5.5V) correspond to currents of approximately
0.33mA out and 0.22mA in, respectively.

10.3 Viewing the Digital Input Card Settings

10.3.1 Viewing the DI Card Settings (Basic Chassis)

Note:  This section is applicable only to the DI card, which is installed in the basic
OmniPlex chassis. If you have the DINe card (applicable to the OmniPlex
eChassis), go to Section 10.3.2, “Viewing the DINe Card Settings (eChassis)”
on page 323.

To view the DI card settings, perform the following steps.

1 Stop data acquisition (see Section 2.8, “Stopping Data Acquisition” on
page 60 if you have a DigiAmp subsystem, or Section 3.10, “Stopping Data
Acquisition” on page 103 if you have a DHP subsystem).

2 Go to the Server window, and right click the Plexon Digital Input device in
the topology. Select Edit Device Options to display the options dialog:

"""" Edit Device...

------- Edit Device Opticns...

------- Show Device Characteristics..,

Add Mew Source To Device...

Remuove Device

Note: If the option Edit Device Options is greyed out (not selectable),
make sure that data acquisition is stopped.
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10 Digital Inputs

The Plexon Digital Input Configuration dialog box opens. Notice that with
Individual events selected (the default setting), the dialog displays the
channel numbering for each port.

The Port Busy Control options are applicable to the DINe card only. These
options are greyed out and not used if you have a DI card.

P -

Plexon Digital Input Configuration @
Mumber of digital input cards detected: 1
Settings for card Reset All Ports to Defaults ]
Port A Port B
Channels 1 - 16 Channels 17 - 32
(@) Individual events (@ Indvidual events
(") Event word () Event word
Logic Levels Logic Levels
Data Data
(@ High-true () Low-true (@ High-true ) Low-true
Data ready (strobe) Data ready (strobe)
(@ High-true ) Low-true (@ High-true ) Low-true
Port Busy Control (event wards) Part Busy Control (event words)
(@) High-busy . (@ High-husy
------ Applicable to DINe card only ------
Low-busy ow-busy
—-eee- Greyed out for DICArd —------
Busy pulse width | 130 us Busy pulse width | 130 us
RSTART (level-triggered recording)
@ High-true () Low-true G ] ’ Cancel ]

3 If you want to modify any of the DI card settings, see the applicable section(s):

»  Section 10.4, “Configuring the Port Event Mode ” on page 325
« Section 10.5, “Configuring the Logic Level Settings” on page 328
»  Section 10.7, “Configuring RSTART and RSTOP Events” on page 334

TIP
? Optional—Convenient method to set all ports to defaults
You can click the Reset All Portsto Defaultsbutton to reset all ports

= to Individual events and High-true logic.
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Note:

Note:

For details on the DI card pinout assignments, see Appendix J: Hardware
Pinouts, Connections and LEDs.

Most systems have a single DI card. If your system has two DI cards, the
Settings for card dropdown list is enabled, and there are some additional
parameters to configure. See "Appendix I: Option for Two Digital Input (DI)
Cards" on page A-52.

10.3.2 Viewing the DINe Card Settings (eChassis)

Note:

This section is applicable only to the DINe card, which is installed in the
OmniPlex eChassis. If you have the DI card (applicable to the basic OmniPlex
chassis), go to Section 10.3.1, “Viewing the DI Card Settings (Basic Chassis)”
on page 321.

To view the DINe card settings, perform the following steps.

1

Stop data acquisition (see Section 3.10, “Stopping Data Acquisition” on
page 103).

Go to the Server window, and right click the Plexon Digital Input device in
the topology. Select Edit Device Options to display the options dialog:

"""" Edit Device...

------- Edit Device Options...

....... Show Device Characteristics...

Add Mew Source To Device...

Remove Device

Note: If the option Edit Device Options is greyed out (not selectable),
make sure that data acquisition is stopped.

The Plexon Digital Input Configuration dialog box opens. Notice that with
Individual events selected (the default setting), the dialog displays the
channel numbering for each port.
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-

Plexon Digital Input Configuration @
Mumber of digital input cards detected: 1
Settings for card Reset All Ports to Defaults ]
Port A Port B
Channels 1 - 16 Channels 17 - 32
(@) Individual events (@ Indvidual events
(") Event word () Event word
Logic Levels Logic Levels
Data Data
(@ High-true () Low-true (@ High-true ) Low-true
Data ready (strobe) Data ready (strobe)
i@ High-true () Low-true @ High-true ) Low-true
Port Busy Contral {E'u'ent wnrds} Port Busy Control {Event wnrdé}l
@ High-busy i@ High-busy
() Low-busy () Low-busy
Busy pulse width 130 us Busy pulse width 130 us
RSTART (level-triggered recording)
@ High-true ) Low-true 1.1 l ’ Cancel

3 If you want to modify any of the DINe card settings, see the applicable
section(s):

»  Section 10.4, “Configuring the Port Event Mode ” on page 325
« Section 10.5, “Configuring the Logic Level Settings” on page 328

» Section 10.6, “Configuring the Port Busy Controls (DINe Card Only)” on
page 331

» Section 10.7, “Configuring RSTART and RSTOP Events” on page 334

TIP
? Optional—Convenient method to set all ports to defaults
You can click the Reset All Portsto Defaultsbutton to reset all ports
=4 to Individual events and High-true logic.

Note: For details on the DINe card pinout assignments, see Appendix J: Hardware
Pinouts, Connections and LEDs.
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10.4 Configuring the Port Event Mode

This section describes the port event modes on the digital input cards. These
settings are common to both the DI and DINe cards. In the example shown below,
Port A is set to Individual events mode and Port B is set to Event word mode.
Ports A and B can be independently configured for I ndividual events or Event
word in any combination. Each of these modes is explained in the sections that

follow.

Plexon Digital Input Configuration

Settings forcard |1 -

Port A

Channels 1 - 16

@ Individual events

Event word
Logic Levels
Data

@) High-true Low-true
Data ready (strobe)

@) High-true Low-true

Mumber of digital input cards detected: 1

Reset All Ports to Defaults

PortB
Strobed channel
Indvidual events

@) Event word

Logic Levels

Data

@) High-true Low-true
Data ready (strobe)

@) High-true Low-true

=

10.4.1 Individual Events Mode

The Individual events option configures the port to recognize each event input
pin as an independent digital input channel. This option is typically used when
there are few actions that need to be recorded. For example, lever presses or IR
beam breaks can be sent into the DI (or DINe) port provided that they produce a
clean detectable voltage edge. Noisy edges can result in unwanted multiple event
detections.

Up to 16 separate, individually timestamped event channels can be sent into a
port that is configured for I ndividual events. When the voltage on the event
channel's input pin goes high (or goes low, depending on the High-true/L ow-
true setting), a timestamped digital event on that channel will be generated. For
Port A, these channels will be named EVT1-EVT16; for Port B, they will be
named EVT17-EVT32. In PlexControl, single-bit events are shown as a single
contiguous range from channels 1-32 in the Properties Spreadsheet, as shown
in the image below.
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: Properties SpreadSheet for 'Single-bit events'

Hame PL¥ chan
EVTO1
EvTO2
EVTO3
EWTO4
EVTOS
EVTOG
EVTOT
EVTOE
EVTOS
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=
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These single-bit event channels contain no additional information beyond their
timestamp and channel number.

10.4.2 Event Word Mode

The Event word option configures the port to monitor changes in the level of a
data-ready bit on a specially designated pin (pin 22). When the system detects a
high-true (or low-true) event on this pin, it recognizes that the remote device is
sending a multi-bit Event word. (Historically, this data-ready bit was called the
strobe bit or strobe input.) The Event word option is typically used when there
are conditions or data that need to be timestamped and recorded in real-time
during an experiment. The Event word value can be used to encode a trial
number, stimulus type or other experimental data.

Note:  When a port is configured for Event word, if the level of the data-ready bit
(strobe bit) does not become active, the system ignores the changes on the
16 pins of that port.

Multi-bit digital events are represented as Channel 1 (shown as “Strobed” in
PlexControl) in the “Other events” source on the DI device.

In .plx files, for historical reasons these multi-bit events are represented as digital
event channel 257 in the recorded file. In .pl2 files, for multi-bit events, the PL2
channel number is given by the number in the leftmost column, as with any other
source's PL2 channel number. See the image of the Properties Spreadsheet
below.

: Properties SpreadSheet for 'Other events’

3 |RSTOP 255
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If one port is configured in Event word mode

When the data-ready bit (strobe bit) goes high (or goes low, depending on the
High-true/L ow-truesetting), a 16 bit word value is read from the same 16 inputs
that are read as separate channels when in Individual events mode. Think of the
input pins as representing positions in a binary number in Event word mode. All
16 bits on each port (Port A and Port B) are available for user input, and values
from 0 to 65535 can be read. Data channel 1 (pin 1) is the least significant bit, and
data channel 16 (pin 16) is the most significant bit.

If both ports are configured in Event word mode

When both ports are configured in Event wor d mode, there is still only one

16 bit event channel to represent the multi-bit events from both ports. The system
must provide a means of identifying from which port the multi-bit event
originated. It handles this by overwriting the most significant bit (bit 16 / pin 16)
as follows:

» If the multi-bit event is from Port A, the high bit (bit 16) will be set to 0.
+ If the multi-bit event is from Port B, the high bit will be set to 1.

When the OmniPlex System overwrites bit 16 to indicate the port, any signals
sent into bit 16 will be ignored. In effect, only the lower 15 bits (pin 1-15) will be
available for user input of values of 0 to 32767.

Special considerations for third-party applications

It is important to realize that, when both ports are configured for Event word

mode, third-party applications, MATLAB® scripts, etc, must use the value of the
high bit to determine which port each multi-bit word is from, and only interpret
the lower 15 bits as user data. The values recorded in the file for Port B will all
have 32768 added to them, due the high bit having been overwritten with 1.

But if only one port is configured for Event word mode, and therefore bit 16 is
not overwritten by the OmniPlex software to indicate the port, if the third-party
software incorrectly interprets bit 16 to indicate the port (A or B), but in fact bit
16 contains valid user data, the third-party software will incorrectly assign 16 bit
Event words from a single port to either Port A or Port B, depending on whether
bit 16 of the user data was 0 or 1 respectively. Thus, when only one port is in
Event wor d mode, the third-party device must be configured to read all 16 bits of
Event word data.
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10.5 Configuring the Logic Level Settings

This section explains how to set the L ogic L evel parameters on the digital input
card, and how the system applies the configured L ogic L evel values.
These settings are common to both the DI and DINe cards.

10.5.1 Definitions

Timestamp—The recorded system time at which a digital event is detected.

Digital Event—A rising or falling edge on the voltage level detected on the
pin(s) of the DI (or DINe) card.

The system places a timestamp on each event. The response of the system to the
rising or falling edge depends on the value of the L ogic L evels parameter
configured in the Plexon Digital I nput Configuration dialog box: High-true or
Low-true.

Rising edge—A transition of the input signal from less than +0.8V to greater

than +2.0V.
Falling edge—A transition of the input signal from greater than +2.0V to less
than +0.8V.
[ @
55V, max - - g8 - ——----. = =

...........................

......
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10.5.2 Setting the Logic Levels

The High-true and L ow-true options for Port A and Port B can be set in the
Plexon Digital Input Configuration dialog box. The default settings for these
parameters are all High-true.

Plexon Digital Input Configuration @
MNumber of digital input cards detected: 1
Settings forcard |1« Reset All Ports to Defaults J
Port A PortB
Channels 1 - 16 Channels 17 - 32
@) Individual events @ Indvidual events
~) Event word ") Event word
ﬂugic Levels Logic Levels \
Data Data
@) High-true () Low-true @) High-true () Low-true
Data ready (strobe) Data ready (strobe)
\ @ High-true () Low-true @ High-true Lu:nw—truy

Logic Level Voltages

If the DI card (or DINe card) is configured as High-true (the default setting), the
system interprets voltage levels as follows:

* A voltage level <+0.8V is interpreted as logic 0
* A voltage level > +2.0V is interpreted as logic 1

If the card is configured as L ow-true:

* A voltage level <+0.8V is interpreted as logic 1
* A voltage level > +2.0V is interpreted as logic 0

10.5.3 High-true and Low-true Examples
For Logic Levelsset to High-true:
« Individual eventsinput signals—A rising edge (an input voltage that
transitions from below +0.8V to above +2.0V) is recorded as a digital event.

« Event word (multi-bit) input signals—If the signal on an individual data pin
is greater than +2.0V at the time of the multi-bit event, it contributes to the
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value of the multi-bit word. For example, if the signal on data pin 15 is
greater than +2.0V and the signals on data pins 1 through 14 are less than
0.8V at the time of the multi-bit event, the value of the Event word will be
27(15-1) = 16384. (Note that the data pins are numbered 1 - 16, not 0 - 15.)

For Logic Levelsset to L ow-true:

Individual eventsinput signals—A falling edge (an input voltage that
transitions from above +2.0V to below +0.8V) is recorded as a digital event.

Event word (multi-bit) input signals—If the signal on an individual data pin
is less than +0.8V at the time of the multi-bit event, it contributes to the value
of the multi-bit word. For example, if the signal on data pin 15 is greater than
+2.0V and the signals on data pins 1 through 14 are less than 0.8V at the time
of the multi-bit event, the value of the Event word will be 2”(14-1) + 2~(13-
1)+...+271-1)=16383.

330

OmniPlex Neural Data Acquisition System



10.6 Configuring the Port Busy Controls (DINe Card Only)

The Port Busy Control is an optional feature that can be useful if you are
connecting certain types of external hardware, specifically, external hardware that
will be generating digital events and transmitting them to the DINe card in the
OmniPlex chassis. Each DINe port generates a port-busy pulse on pin 17, which
you can connect to a pin on your external hardware.

The purpose of this feature is simply to mimic the “Input busy” feature of the
Plexon® MAP box.

Compatible with existing external hardware

If you previously connected external hardware to a DI card in a basic OmniPlex
chassis, you can connect that same hardware to a DINe card without regard to the
Port Busy Control settings. Your external device does not need to detect or
process the port-busy signal coming from the DINe card.

How the feature works

When the external hardware asserts the data-ready (strobe) signal to indicate that
an event word is available, the DINe card reacts by asserting port-busy for a
specified period of time (default 150 microseconds) on pin 17. If desired, you can
program your external hardware to wait until port-busy is de-asserted on the
DINe card before providing the next event word.

Note:  The pinout details for this card are described in "Digital Input (DINe) Card in the
OmniPlex eChassis" on page A-63.

If you are considering using this function and would like additional information,
please contact Plexon Support at +1 214-369-4957 or support@plexon.com.
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Configuring the port-busy parameters

This section explains how to set the values for the Port Busy Control and Busy
pulse width parameters in the Digital Input Configuration dialog.

1
2

Configure the applicable port for Strobed channel (Event word).

Configure the Port Busy Control (event words) parameter for either High-
busy (the default value) or Low-busy operation. The voltage on pin 17 of the
DINe card will go high or low (depending on the configured setting) when the

internal port-busy pulse is being generated by the OmniPlex System.

The Busy pulse width value determines the minimum wait time between
successive event words, and should usually be left at its default value of 150
microseconds, corresponding to a maximum event word rate of approximately
6000 event words per second per port. Values of less than 150us should be
used with caution, and you may wish to run tests to confirm that your system
can reliably acquire event words at these rates.

P

Plexon Digital Input Configuration

Mumber of digital input cards detected: 1

Settings for card

Port A
Chanrels 1- 16
@) Individual events

) Event word

Logic Levels
Data

@ High-true () Low-true
Data ready (strobe)

@) High-true () Low-true

Port Busy Contral fevent wu:uru:is}
@) High-busy
) Low-busy

Busy pulse width 130 us

RSTART (level-triggered recording)

@) High-true " Low-true

Reset All Ports to Defaults ‘

PortB
Strobed channel

1 Indvidual events

@) Event word

Logic Levels
Data

@ High-true () Low-true

Data ready (strobe)

@) High-true () Low-true

Port Busy Contral (event words)
@) High-busy
) Low-busy

Busy pulse width 130 us

oK l I Cancel

-

=
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Port Busy Examples

Assuming the values are set to their defaults (High-busy and 150us), the voltage
on pin 17 on the port connector will go high for 150us to acknowledge the system
has received an event word (strobed data). The examples below illustrate how
this feature operates, assuming these default settings. As mentioned above, the
use of this feature is optional, and you may or may not want your external
hardware to take advantage of it.

Example 1—Event received:
Second event word transmitted after 150Ls has elapsed

The second event word (second blue arrow) is received by the DINe, because
it was sent after the port-busy line deasserted (went low).

Device transmits Device transmits
an event word another event word

External

— > —_— . . .
150us signaling device

Voltage on pin 17 (port busy)
goes high when it receives
the event word

Voltage on pin 17
goes down after 150 us

——— 150pys — DINe card

Example 2—Event not received:
Second event word transmitted before 150Ls has elapsed

The second event word (red arrow) may not be received by the DINe, because it
was sent before the port-busy line deasserted (went low). Therefore, you should
adjust the settings on your external device so it will wait at least 150us before
sending the next event word.

Device transmits Device transmits
an event word another event word

_ External
signaling device

+—— < 150ys ——

Voltage on pin 17 (port busy)
goes high when it receives
the event word

Voltage on pin 17
goes down after 150 us

— 150ps ——— DINe card
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10.7 Configuring RSTART and RSTOP Events

This information in this section applies to both the DI and DINe cards.

Port A has one additional input that is not present on Port B, which is the
RSTART line. RSTART is different from the other digital inputs, in that it
generates events on both the leading and trailing edges of input pulses. These
signals are used for so-called level-triggered recording in PlexControl, where
they start and stop recording, so “pulses” on RSTART are in fact typically
seconds, minutes, or even hours in duration. The system can generate RSTART
events regardless of the individual Port A and Port B data settings (Individual
events or Event word).

The configuration options in the Digital Input Configuration dialog are shown
below.

RSTART ({Jevel-triggered recording) <@——— Set as High-true or Low-true

@ High-true I Low-true OK l I Cancel ‘

*  When the RSTART (level-triggered recor ding) option is set to High-truein
the Plexon Digital Input Configuration dialog, a rising edge on the
RSTART line will create an RSTART event. The system can be configured to
start (or resume) recording on an RSTART event.

A falling edge on the RSTART line will create an RSTOP event. The system
can be configured to stop (or pause) recording on an RSTOP event.

*  When the RSTART (level-triggered recording) option is set to L ow-true in
the Plexon Digital Input Configuration dialog, a falling edge on the
RSTART line will create an RSTART event. The system can be configured to
start (or resume) recording on an RSTART event.

A rising edge on the RSTART line will create an RSTOP event. The system
can be configured to stop (or pause) recording on an RSTOP event.

< & e . <
S S S5 S
. e a0 Rugee) o \0‘3
5.5V, max - - & S P 5.5V, max - A -So oo PN

ov

........................

High-true

To configure PlexControl to start/resume and stop/pause recording using the
signal on the RSTART pin, use the Recording Control tab in the PlexControl
Global Optionsdialog (Configure > Global Options). See Chapter 11,
Triggered Recording, for examples of using the RSTART event.
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10.8 Floating Inputs—Pull Up and Pull Down Settings

A floating input occurs when no wire is attached to a particular data pin on the
digital input card connector, or when no voltage is being applied through that
wire. The system handles this condition as described below. Note that the
behavior for the DI card (in the basic chassis) is different from the behavior of the
DINe card (in the eChassis).

10.8.1 Floating Inputs on the DI Card (in Basic Chassis)

Note:  This section is applicable only to the DI card, which is installed in the basic
OmniPlex chassis. If you have the DINe card (applicable to the OmniPlex
eChassis), go to Section 10.8.2, “Floating Inputs on the DINe Card (in
eChassis)” on page 336.

For the DI card, floating data pins (inputs) are always pulled up to a fixed voltage
of +3.3V. This should not be a problem for ports configured for I ndividual
events, since only rising or falling edge transitions are detected.

For ports configured as Event word, the system does the following:

» For ports configured as Event word and High-truelogic, floating inputs will
be pulled up and appear as 1 (true) bits in the multi-bit word value, causing
them to be counted as part of the multi-bit word. It is recommended that you
ground all unused inputs to avoid such problems. If you do not do this, you
will have to postprocess your digital event data to mask out (set to zero) the
bits in the event word corresponding to the floating inputs.

» For ports configured as Event word and L ow-true logic, floating inputs will
be pulled up and appear as 0 (false) bits in the multi-bit word value. Thus,
they will not be counted as part of the multi-bit word. This will usually be
acceptable behavior. Nonetheless, you should consider grounding all unused
inputs if there is any chance that you will be changing this setting in the
future.
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10.8.2 Floating Inputs on the DINe Card (in eChassis)

Note:  This section is applicable only to the DINe card, which is installed in the
OmniPlex eChassis. If you have the DI card (applicable to the basic chassis),
go to Section 10.8.1, “Floating Inputs on the DI Card (in Basic Chassis)” on
page 335.

If a data input pin is floating, the DINe card automatically applies either a pull up
or pull down such that the resulting logic bit will be 0 (false). In terms of voltage:

» If'the port is set to High-truelogic, floating inputs are pulled down to a fixed
voltage of OV (ground), resulting in a logic 0 for the corresponding bits.

» Ifthe port is set to Low-true logic, floating inputs are pulled up to a fixed
voltage of +5.0V or +3.3V, again resulting in a logic 0 for the corresponding
bits.

Note: This voltage level (+5.0V or +3.3V) is set with a jumper on the DINe
card. The factory default position is +5.0V. For information on setting
this jumper, see "Pin 20—Power output option, +5V / +3.3V" on page
A-65.

10.9 Timing Considerations for Rising and Falling Edges

Transitions (rising and falling edges) on the digital input lines are detected by the
DI hardware at a rate of 2 MHz, but since the default timestamp resolution of
digital events in the OmniPlex System is 40 kHz (25 usec), events that are sent
into the DI (or DINe) card at a rate higher than 40 kHz will result in multiple
digital events with the same 40 kHz timestamp. Therefore, consider throttling
your digital inputs accordingly. The maximum recommended sustained event rate
(total of all event inputs, both individual and strobed) is 4 kHz, with short bursts
at a rate of 8 kHz.

IMPORTANT: If you anticipate sending events into the DI at rates approaching
these maximum values, it is strongly recommended that you make a short test
recording. Verify the results are as expected before proceeding to record
important experiment data.

Even if you do not intentionally input high-frequency digital events, if your
digital signals are very noisy or have ringing on the edges, this can produce
redundant digital events. See the discussion in Section 10.10, “Avoiding Noise
On the Digital Input Signal” on page 337.
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10.10 Avoiding Noise On the Digital Input Signal

9

The DI card (and DINe card) inputs have a Schmitt-trigger functionality, which
means that a small amount of noise in the signal will generally not cause
redundant or spurious digital events. However, if you suspect you are seeing
redundant digital events, check your input signals for excessive noise. Examine
your signals on a scope to verify that they are not noisy and that they have clean
edge transitions, and make sure that proper grounding is used.

TIP

Make a test recording

It is always a good idea to make a test recording to verify correct
connectivity and reliable acquisition of digital events before
recording actual experimental data.

10.11 Viewing Digital Events in PlexControl Activity View

Digital event rasters (ticks) can be viewed in the Activity view in PlexControl.

Multi-bit event activity is displayed as a single tick mark in PlexControl but the
numeric multi-bit data values are not shown.

See Section 13.1, “PlexControl Activity Display” on page 380 for more
information on viewing digital events.

10.12 Recording of Digital Events

Digital inputs are always recorded and there are no enable/disable settings.

When the system is recording multi-bit words, the voltage level on the data input
pins must be stable for at least 100ns before a pulse is sent into the multi-bit pin
(pin 22). If you design your inputs in a manner that causes the signal to be stable
for less than the required 100ns, the system will not record the multi-bit events
properly. Therefore, plan your inputs to avoid this condition.

10.13 Saving the Digital Input Card Settings

When you save the pxs (topology) file in Server, the current settings of the DI
card (or DINe card) are also saved in the file.
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11 Triggered Recording

11.1 Timed and Event-triggered File Recording

In addition to starting, stopping, pausing, and resuming recording manually from
the GUI, you can configure PlexControl to perform any or all of these same
actions automatically when a user-specified time has elapsed or when a user-

specified event occurs.

11.1.1 Accessing the Recording Control Options

The Global Optionsdialog is accessed from the Configure menu:

=g PlexControl - PlexControll

Efile View [Display | Configure | Data MWindow FRun Help

U = ﬁ E | % %?.P.! View Options...

: Tasks

i

|".";T Global Options...

N |

k- i

L Reset All Opt tp\%Ef It
5 A = ptions to aults
= M Auto-Configure All Sources
-E P.. Start Data Ac o e

OPFT OFT |
nnan -.-

i SPKC

Clicking the Recording Control tab opens this page (highlighting added):

Global Cptions

[

| General | Feature Space | Snapshets | Control Restrictions | Recording Files | Recording Control | Colors |

Start Recording
of j

™ AMter |1 Occumence(s) of an Event :
Source : |#11 - "CinePlex Data”
Channel : | Any
Value - |1
Mter |D = |0 =« |0

Pause Recording

(@ From GUI Only

© After |1
Source : |#11 - "CinePlex Data”
Channel : | Any

Value : |1

=
=

After (D

Occumence(s) of an Evert :

Stop Recording
(@ From GUI Onty
) Mter |1

Source : |#11 - "CinePlex Data”

Occumence(s) of an Evert

Channel : | Any
Value : |1

After 0 oo Ll

Resume Recording
@ From GUI Only
) Mter |1
Source : |#11 - "CinePlex Data”
Channel : | Any

Walue : |1

After |0 = |0 = |0

Occumence(s) of an Evert :

Immediately Pause After Starting Recording
|| After Stopping, Automatically Start a New Recording to a New File

|| After Stopping, Automatically Re-Am and Wait for Start Event

Mote: every Resume Recording starts a "Frame”

OK

] ’ Cancel
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As shown in the image above, there are four control areas that you can configure:

» Start Recording

» Stop Recording

* Pause Recording

* Resume Recording

Each of the control areas has three options (see the detail in the image below):

* From the GUI only—Toolbar button or menu command (manual control)
» After the occurrence (or multiple occurrences) of an Event

» After a specified time has elapsed

I-ﬁ- From GUI Cnby |
() Mfter 1 Occumence(s) of an Event :

Source : |H8 - "KBED"
Channel : | Any

Value ; |1

) After |0 - |0 - [0 Hours::Mins::Secs
have elapsed

Each of the four actions—start, stop, pause, and resume—can be independently
controlled either from the standard buttons in the main toolbar (From GUI
Only), triggered by a specified event (After ... Occurrence(s) of an Event) or
triggered after a specified elapsed time (After ... Hours::Mins::Secs have
elapsed).

The remaining three options on the Recor ding Control page allow you to specify
actions to be taken at the start and/or end of each recording.
Immediately Pause After Starting Recording
| | After Stopping, Automatically Start 8 New Recording to a New File

|| After Stopping, Automatically Re-Am and Wait for Start Event
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11 Triggered Recording

11.1.2 Timed and Event-triggered File Recording—Process Diagrams

The diagrams that follow illustrate the effects of the

Immediately Pause... and

After Sopping... options on the Recor ding Control page of the Global Options

dialog box.
TIP
9 Stop Recording button always means stop and no new file
Manual stop (clicking the Stop Recor ding toolbar button or selecting

Recording command from the Data menu).

= the Sop Recording command from the Data menu) always causes the
system to stop all recording activities completely and take no further
action until you click the Start Recor ding button (or select the Sart

[ V| Immediately Pause After Starting Recording

]

("] After Stopping. Automatically Start a New Recording to a New File

| After Stopping, Automatically Re-Am and Wait for Start Event

Start Recording trigger received from:
GUI
Event
Elapsed Time

4

System creates a new file and pauses

L 4

Resume Recording trigger received from:
aQul
Event
Elapsed Time

¥

| System starts recording

[] Immediately Pause After Starting Recording

[J: After Stopping, Automatically Start a New Recording to a New File ]

[] After Stopping, Automatically Re-Am and Wait for Start Event

Stop Recording trigger received from:
Event
Elapsed Time

System closes the currentfile,
creates a new file
and begins recording
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Immediately Pause After Starting Recording

After Stopping, Automatically Start 2 New Recording to a New File

("] After Stopping, Automatically Re-Am and Wait for Start Event

L 4

Stop Recording trigger received from:
Event
Elapsed Time

A 4
System closes the currentfile,
creates a new file
and pauses

¥

Resume Recording trigger received from:
GUI
Event
Elapsed Time

¥

| System begins recording

["] Immediately Pause After Starting Recording
[] After Stopping. Automatically Start a New Recording to a New File

() tter Stopping. Automatically Re-Am and Wait for Start Evert

]

Stop Recording trigger received from:
Event
Elapsed Time

System closes the current file,
re-arms the system
and waits for a start trigger

Start Recording trigger received from:
GUI
Event
Elapsed Time

A 4
System creates a new file
and begins recording
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11 Triggered Recording

r:J‘_ Immediately Pause After Starting Recording

["] After Stopping, Automatically Start a New Recording to a New File

[¥] After Stopping. Automatically Re-Am and Wait for Start Event

r
Stop Recording trigger received from:
Event
Elapsed Time

System closes the currentfile,
re-arms the system
and waits for a start trigger

r
Start Recording trigger received from:
GUI
Event
Elapsed Time

A 4
System creates a new file
and pauses

y
Resume Recording trigger received from:
GUI
Event
Elapsed Time

4

System begins recording |

Note:  The two “After Stopping...” options (shown below) are mutually exclusive.
You should not select both of them. However, if you do select both, the option
that the system performs is After Stopping, Automatically Start a New
Recording to a New File.

[ Immediztely Pause After Statting Recording
After Stopping, Automatically Start a Mew Recording to a Mew File
After Stopping, Automatically Re-Am and Wait for Start Evert

CAUTION
& Make a test recording before gathering experimental data

As with all recording, it is strongly recommended that you make a
short test recording first, to be sure your settings are giving the
desired overall behavior, before you begin actual experimental runs.
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11.2 Examples—Recording a Single File with Pause/Resume Triggers

The previous section (Section 11.1, “Timed and Event-triggered File Recording”
on page 340) explained how to access and configure the Recording Control
page in the Global Options dialog box. The following examples show how the
Recording Control features are typically used to record single files:

* Section 11.2.1, “Example 1: Single File, Manual Start with RSTART Level-
triggered Recording” on page 346

* Section 11.2.2, “Example 2: Single File, Manual Start with Single-bit Events”
on page 347

* Section 11.2.3, “Example 3: Single File with Multiple Frames, Keyboard
Event Trigger” on page 348

Additional information on single file recording is provided in these sections:

* Section 11.2.4, “Notes on Single File Pause/Resume Examples” on page 348

» Section 11.2.5, “Timing Considerations” on page 348

Getting Started with Recording Control Options
The Global Optionsdialog is accessed from the Configure menu.

Eg PlexControl - PlexControll

i File View Display | Configure | Data Window Run Help

(0 = ﬁ H S % °ET| View Options... e

imlacks %" Global Options... | iRl

Reset All Optionst;\{)efau\ts

System

., Start Data Ag

indujjuasg L

Clicking the Recording Control tab opens this page.

Global Options =

General FeaiureSpacEISnapshuls Control Restrictions | Recerding Files | Recording Cortrol | Colors

Start Recording
@ §rom G Oriy

Pause Recording

@ From GUI Only
© Ater |1 Occumenceis) of an Event © Aer |1 Occumence(s) of an Event :
Source : | #11 - "CinePlex Data’ Source : | 11 - "CinePlex Data’
Channel - | Any Channel : | Ay
Valee : |1 Value : |1
Ater [0 0 0 Ater [0

Stop Recording Resume Resording

@ From GUI Only @ From GUI Only
© Ater |1 Occumence(s) of an Event @ Mter |1 Occumence(s) of an Evert :
Source : [#11 - "CinePlex Data Source : [#11 - "CinePlex Data:
Channel : | Any Channel - | Any
Value : |1 Value : |1
Ater [0 2 [0 0 Afer [0

Ermadately Pause Aher Starting Recordng Nate: every Resume Recording starts @ Frame’

Aéter Stoppng. Autormatically Start 8 New Racordng 1o a New Fle

Hiter Stoppng. Automaticaly Re-Amm and Wak for Start Event
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11 Triggered Recording

11.2.1 Example 1: Single File, Manual Start with RSTART Level-triggered
Recording

Here is an example of a common usage scenario, where we want the following
behavior:

» Clicking the Start Recor ding toolbar button (or menu command) will cause
the system to create a new recording file and then pause—it does not record
any data yet.

*  When the RSTART line on the Digital Input (DI) card sees a transition to a
“true” level (by default, a rising edge, but this is configurable in the DI device
options), actual recording of data will resume. Recording continues as long as
RSTART remains in the true state.

*  When the RSTART line sees a transition to a “false” level (by default, a
falling edge, but this is also configurable), recording of data will pause, but
the file will remain open for additional recording when RSTART goes “true”
again.

Note: For more information about RSTART, see Section 10.7, “Configuring RSTART
and RSTOP Events” on page 334.

» Clicking the Sop Recor ding toolbar button (or menu command) will finalize
the recording and close the file.

Here are the corresponding settings that should be used:

Start Recording Pause Recording
@ From GUI Only ) From GUI Only
) After |1 Occurrenceis) of an Event : @ Mter 1 Occurence(s) of an Evert
Source : |#11 - "CinePlex Data Source - [mu- "Otther events” v]
Channel : | Ay Channel : [F{STOP ']
Value : |1 Value : 1
Ater |0 = |0 = (0 Mter |O
Stop Recording Resume Recording
(@ From GUI Only () From G LI Onhy
) After |1 Occurence(s) of an Evert @ Mter 1 Occurmenceis) of an Event :
Source : | #11 - "CinePlex Data Source [#H}- "Other events” ']
Channel : | Ay Channel : [F{STﬂF{T ']
Value : |1 Value : 1
After |0 = |0 = |0 After |0

V| Immediately Pause After Starting Recording

MNote: every Resume Reconding starts a "Frame”

|| After Stopping, Automatically Start a New Recording to a New File
|| After Stopping, Automatically Re-Am and Wait for Start Event

In the file, each frame of recorded data will be bracketed by Start and Stop events
(event channels 258 and 259 respectively).
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11.2.2 Example 2: Single File, Manual Start with Single-bit Events

Here is a variation where instead of using level transitions on RSTART to pause
and resume recording, we use single-bit events on two separate channels to pause

and resume.

Note: In this example, we have not selected any of the options Immediately Pause...
or After Stopping...

Start Recording

@ From GUI Only
) Ater |1
Source : | #1

Channel : | Any

Value : |1

After |0

Stop Recording

@ From GUI Only
@ Ater |1
Source : | #1

Channel : | Any

Value : |1

After |0

Oceumencels) of an Event :

- "CinePlex Data”

=
=

Oceumencels) of an Event :

- "CinePlex Data”

|| Immediately Pause After Starting Recording

["] After Stopping, Automatically Start a New Recording to a New File

After Stopping. Automatically Re-Am and Wait for Start Event

Pause Recording

() From GUI Onby
@ Mter 1 Occumence(s) of an Event :
Source : [#3— "Single-bit events"” v]
Channel : ’#B— "EVTO8" v]
Value : 1
After (0 0 0

Resume Recording

() From GUI Onby
@ Mter 1 Occumence(z) of an Event :
Source : ’ﬁﬁ- "Single-bit events” V]
Channe! : [#16 - "EVT16" -
Value : 1
After |0 0 0

Mote: every Resume Recording starts a "Frame”
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11 Triggered Recording

11.2.3 Example 3: Single File with Multiple Frames, Keyboard Event Trig-

ger
In this example, we use keyboard events (Alt-1, Alt-2) to pause and resume
recording:
Start Recording Pause Recording
(@ From GUI Only ) From GUI Orly
©) Ater |1 Occumence(s) of an Event : @ Mter 1 Occurencels) of an Event :
Scurce : |23 "KED Source : [#8-"KBD" -]
Channel : [#3-"KBD3 Crannel - [#1-"KBD1" -
Value : |1 Value : |1
- L n [ Hours::Mins::Secs _ . . . ::Mins::
D fter |0 -2 . have elapsed () Mter |0 |0 = |2 E;:Sé'lgﬂ;;se'asecs
Stop Recording Resume Recording
@ From GUI Cnly () From GUI Only
() After 1 Occumence(s) of an Evert : @ Mer 1 Occumencels) of an Event :
Source : |#8 - "KBD Source ’#E- "KBD" ']
Channel : | Any Channel : ’HQ— "KBD2" ']
Value : |1 Value - |1
) After |0 - o . |2 Hours::Mins::Secs ) Ater |0 o [z Hours::Mins::Secs
- - - have elapsed - - -2 have elapsed
[ Immediatety Pause Mter Starting Recording Mote: every Resume Recording starts a ‘Frame’
[T After Stopping, Automatically Start a New Recording to a New File
[ After Stopping, Automatically Re-Am and Wait for Start Event

11.2.4 Notes on Single File Pause/Resume Examples

When you use events to pause and resume, the effect is exactly as if you had
clicked on the Pause Recor ding button in the toolbar to pause and resume
recording.

When you click the Sop Recor ding button in the toolbar, the recording is ended
and the file closed, regardless of whether the state of the recording is currently
paused or not.

11.2.5 Timing Considerations

See Section 11.6, “Timing Considerations—Timed and Event-triggered
Recording” on page 361 for important information about time durations required
by the system for starting new files and resuming in-progress files that are
currently paused.
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11.3 Understanding Multiple File Recording

You can use options on the Recording Control page of the Global Options
dialog to create multiple file recordings automatically. With these options, the
system can record multiple plx or pl2 files in sequence, based on an elapsed time
or triggered by a digital or keyboard event. You can direct the system to perform
either of the following functions after the previous file is closed (stopped):

* Automatically start file creation and data recording process for the next file

» Automatically re-arm the system then wait for a Start event before creating
the next file

You can also direct the system to immediately pause after it creates a new
recording file.

11.3.1 Generating File Names

When the system is creating multiple-file recordings, PlexControl can
automatically generate a filename for each recording file using the options that
you have set on the Recording Files page in the Global Options dialog:

Global Options &J
| pr—

y 4 \
| General I Feature Space | Snapsh‘ts | Recording Files | I#cording Control I Colors |
N’

Data Directory : D:\FlexonData
‘When Start Recording is Pressed File Name Generation
() Open Data File Dialog Prefic:  TrigRec

I (@ Begin Recording Immediatehy I Date: | None -

File Types to Record

[ Specify next sequence number

() phe File Only
) phe File and pl2 File Next sequence number: 1
@ pl2 File Onty

When Recording Ends

Stop Recordi Low Diske 5 .
0p Recording on Low Lisc space [ Auto-save pxc {same name as ph or pl2)

Minimum free space 256 MB

In the above example, the recording files will be named TrigRec001, TrigRec002,
TrigRec003, etc. Filenames will always continue at one greater than the highest
numbered file that is present in the recording folder; for example, if one series of
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11 Triggered Recording

recordings ended with TrigRec078, the next time you click Start Recording, the
next file to be recorded will be TrigRec079. You can use the Specify next
sequence number option to override this default behavior.

Note: Make sure that the above options are set as desired before clicking Start
Recording. Otherwise, you will have to specify the name of each file manually.

Note:  Note that the Auto-save pxc option (and the corresponding Auto-save pxs
option in Server) cannot be used in timed or triggered multiple-file mode. In
such cases, you should manually save the pxc/pxs before starting the timed/
triggered sequence of recordings.
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11.3.2 Understanding Manual and Event-triggered Recording Options

Using the Manual Controls (Toolbar Buttons)

When you click the Sart Recording button in the toolbar (or click the Sart
Recording command in the Data menu), the system creates a file and is ready to
record data. Depending on other parameters that you can set on the Recording
Control page of the Global Configuration dialog box, data recording begins
immediately or begins after a specified trigger.

When recording is occurring, if you click the Pause Recor ding button in the
toolbar (or click the Pause Recor ding command in the Data menu), the
recording is paused. Clicking on Pause Recording again causes the recording to
resume.

When you click the Sop Recor ding button in the toolbar (or click the Stop
Recor ding command in the Data menu), the recording is ended and the file
closed, regardless of whether the state of the recording is currently paused or not.

Data Window Run Help Window Run Help
Ltshuulio weuElio Ty
L"\e } m M wr |
| Start F‘Eu:n::rclmg Stop F'En:n:rn:lmg

NS

| Pause Recording J

Using the Recording Control Options (Events and Elapsed Time)

When you use the options on the Recording Control page to start recording, the
effect is exactly as if you had clicked on the Start Recor ding button in the
toolbar (or clicked the Start Recor ding command in the Data menu) to begin
recording.

When you use the Recor ding Control options to pause and resume recording,
the effect is exactly as if you had clicked on the Pause Recor ding button in the
toolbar (or clicked the Pause Recor ding command in the Data menu) to pause
and resume recording.

However, when you use the Recording Control options to stop the recording, the
effect is not necessarily the same as if you had clicked on the Sop Recording
button in the toolbar (or clicked the Stop Recor ding command in the Data menu)
to stop recording:

+ Stopping the recording with the Recording Control options allows the
system to start new recordings automatically (with events or elapsed time) in
the future, if you have configured the system to start recordings automatically.
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11 Triggered Recording

» Stopping the recording with the manual controls (Stop Recor ding command
in the Data menu), causes the system to stop all recording activities (until you
click the Start Recording button or select the Start Recording command
again).

Using the Recording Control Options to Create Multiple Recordings

You can use the Events and Elapsed Time options on the Recording Control
page to make multiple recordings automatically. After you see that the system has
completed the desired recordings, click the Sop Recor ding button in the GUI,
and the system will end the series of recordings and stop all recording activities.

TIP

Stop Recording button always means stop and no new file
Manual stop (clicking the Stop Recor ding toolbar button or
selecting the Stop Recor ding command from the Data menu)
always causes the system to stop all recording activities completely
and take no further action until you click the Start Recor ding button
(or select the Sart Recording command from the Data menu).
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11.4 Examples—Multiple File Recording

The following examples show how the Recording Control features are typically
used to record multiple files:

* Section 11.4.1, “Example 1: Multiple Files, Manual Start and Single-bit
Event Trigger” on page 354

* Section 11.4.2, “Example 2: Multiple Files, Manual Start and Keyboard
Event Trigger” on page 355

» Section 11.4.3, “Example 3: Multiple Files, Manual Start, Specified File
Duration” on page 356

» Section 11.4.4, “Example 4: Multiple Files with Multiple Frames Controlled
by Single-bit Events” on page 357

Note:  See “Timing Considerations—Timed and Event-triggered Recording” on
page 11-361 for important information about time durations required by the
system for starting new files and resuming in-progress files that are currently
paused.

Getting Started with Recording Control Options
The Global Options dialog is accessed from the Configure menu.

EE PlexControl - PlexControll

P File View Display | Configure | Data Window Run Help
leFEH S T 25T View Options... e
£3| i Tasks g Global Options... \ | i SPKC
o Reset All Optionst%efau\ts

3 System

= = - Al SoUrces

§ ., Start Data A

Clicking the Recording Control tab opens this page.

Global Options =

General FeaiureSpacEISnapshuls Control Restrictions | Recerding Files | Recording Cortrol | Colors

Start Recording
@ §rom G Oriy

Ater |0

Stop Recording

Aiter |0

Iresachately Pause Afer Stating Recording
e Stoppng. Automatically Start a New Racordng o a New Fle

Hiter Stoppng. Automaticaly Re-Amm and Wak for Start Event

@ From GUI Only
© Ater |1 Oceurrencels) of an Event © Aer |1 Oceumence(s) of an Evert :
Source : | #11 - "CinePlex Data’ Source : | #11 - "CinePlex Data”
Channel : | Any Channel - | Any
Valee : |1 Value : |1

@ From GUI Only @ From GUI Only
© Ater |1 Occumence(s) of an Event @ Mter |1 Occumence(s) of an Evert :
Source : [#11 - "CinePlex Data’ Source : |#11 - "CineFlex Data’
Channel : | Any Charnel : | Any
Value : |1 Value : |1

Pause Recording

Ater |0

Resume Resording

After (D

Note: every Resume Recording starts a ‘Frame’
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11 Triggered Recording

11.4.1 Example 1: Multiple Files, Manual Start and Single-bit Event Trigger
Here is an example for a common usage scenario, where we want the following
behavior:

» Clicking the Sart Recording toolbar button will create a new file and start

recording data

* Each time the single-bit digital event EVTOI is received, the current
recording file is closed and a new file starts recording.

» Clicking the Stop Recording toolbar button will end all recording activity
and close the last file.

| General I Feature Space I Snapshots I Recording Files | Recording Corttrol |Co|ors |

Start Recording Pause Recording
@ From GUI Only @ From GUI Orlly
) Mter |1 Occumence(s) of an Event : © Ater |1 Occumence(s) of an Event :
Source : | #8 - "KBD" Source : |#8-"KBD"
Channel : |#1 -"KBD1" Channel ; | Any
Value - |1 Value - |1
OMe 0 |0 [P | et | O [} ][] fomMeses
Stop Recording Resume Reconding
(@ From GUI Only @ From GUI Only
@ After 1 Occumencels) of an Event : © Ater |1 Occumence(s) of an Event
Source [ﬁﬂ- "Single-bit events” '] Source : |#B8-"KBD"
Channel : [m -"EVTOT" '] Channel : | Any
Value : 1 WValue : |1
% Mter [0 0 2 Hours::Mins::Secs @ After [0 o |2 Hours::Mins::Secs
) have elapsed 3 % have elapsed
Immediately Pause After Starting Recording Note: every Resume Recording starts a Frame”
[¥] After Stopping. Automatically Start a New Recording to a New File
[T After Stopping, Automatically Re-Am and Wait for Start Event
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11.4.2 Example 2: Multiple Files, Manual Start and Keyboard Event Trigger

In this example, we use a keyboard event (Alt-1) to stop recording. When the

keyboard event is received, the system closes the current file and automatically
starts a new recording to a new file:

| General | Feature Space I Snapshots I Recording Files | Recording Cantrol |COIors |

Start Recording

Pause Recording
@) From GUI Cnly

@ From GUI Only

@ AMter |1 Occumence(s) of an Event : o After |1 Occurencels) of an Event :

Source : |H8 - "KBD" Source : |H8 - "KED"
Channel : |#1-"KBD1" Charnel - | Ay

Value : |1 Value : |1

= n . - [2 Hours::Mins::Secs 2 - g
) After |0 - |0 - |2 have elapsed © Mter |0 y Hours::Mins::Secs

have elapzed

=
X

Stop Recording |Resume Recording
) From GUI Oy @ From GUI Only
@ After | Occumencels) of an Event - () After |1 Occumencels) of an Event :
Source ’#B— "KBD" v] Source : |HE - "KBD"
Channel : [#‘I -"KBD1" '] Channel : | Any
Value : |1 Value : |1
) After |0 - o - [2 Hours::Mins::Secs @ Ater [0 0 .2 Hours::Mins::Secs
have elapzed have elapsed
|| Immediately Pause After Starting Recording Note: every Resume Recording starts a "Frame”

V| After Stopping, Automatically Start a New Recording to a New File

("] After Stopping. Automatically Re-Am and Wait for Start Event
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11 Triggered Recording

11.4.3 Example 3: Multiple Files, Manual Start, Specified File Duration

Here is an example of a how to enable recording of multiple files of a specified
duration. In this example, you start the first recording manually by clicking the
Sart Recording button in the toolbar or selecting the Start Recording
command in the Data menu. After 15 minutes of recording, the system stops
recording and closes the current file. Then it automatically starts a new recording

to a new file.

Global Options

| General I Feature Space I Snapshots | Control Restrictions | Recording Files | Recording Cortral | Colors

Start Recording

Pause Recording

(@ From GUI Only i@ From GUI Only
) Mter |1 Occumence(s) of an Evert © Mer |1 Clocumence
Source : | #11 - "CinePlex Data" Source : |#11 - "CinePlex Dk
Charinel : | Any Channe! : | Aty
Value : |1 Value : |1
o (1| | T ome [
Stop Recording Resume Recording
() From GUI Onby @ From GUI Qriby
© Ater |1 Oeccumence(s) of an Event : i) After |1 Occumence
Source : | #9 - "Single-bit events” Source : |#11 - "CinePlex Dk
Channel : |71 - Channel : | Any
Value : |1 Value - |1
@ Mter O Hours::Mins::Secs @ After |0 D

have elapsed

|| Immediately Pause After Starting Recording

Mote: every Resume Recording st

V] After Stopping. Automatically Start a New Recording to a New File

"] After Stopping. Automatically Re-Am and Wait for Start Event
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11.4.4 Example 4: Multiple Files with Multiple Frames Controlled by Single-

bit Events

Here is an example of a how to enable recording of multiple files using four
single-bit events to control the start/stop/pause/resume functions.

You must first click the Arm Recor ding button in the main toolbar [, after
which all recording is controlled by single-bit events. After you have armed the
system, recording proceeds as follows:

1 The system waits for an EVT01 event, then creates a new recording file but
remains paused.

2 The system waits for an EVT04 event, which begins the actual recording of

data.

3 When the system receives an EVTO03 event, it pauses the recording.

4 Each EVT04/EVTO03 sequence of events causes one frame of data to be
recorded in the file, just as with RSTART/RSTOP.

5 When the system receives an EVTO02 event, it closes the file. The system then
re-arms and waits for another EVTO1 event.

6 When the next EVTO1 event is received, the system creates a new file but
remains paused.

| General I Feature Space I Snapshots | Recording Files | Recording Caontral |Colors |

Start Recording

Pause Recording

() From GUI Only ) From GUI Only
@ After 1 Oceumencels) of an Evert : @ Mer 1 Occumence(s) of an Event :
Source : [ﬂﬂ- "Single-bit events” '] Source : [ﬁﬁ- "Single-bit events" ']
Channel : [#1-"EVTO1" -] Channe! : |#3- "EVT03" v
Value : 1 Value @ 1
y = = 2 Hours::Mins::Secs _ = = =Mins::
) After |0 0 . have clapsed %) After |0 - [o 2 Hours::Mins::Secs

have elapsed

Stop Reconding

Resume Recording

have elapsed

() From GUI Only ) From GUI Only
@ After 1 Occumencels) of an Event : @ Mter 1 Ocecumence(s) of an Evert :
Source [#3— "Single-bit events” '] Source : [#9— "Single-bit events” VI
Channel : [#2 - "EVT02" - Channel : [#4 - "EVT04" -]
Value : 1 Value : 1
@ Ater |0 o 2 Hours::Mins::Secs siter [0 2 2 Hours::Mins:Secs

have elapsed

Immediately Pause After Startting Recarding
[] After Stopping, Automatically Start a Mew Recording to a Mew File
After Stopping, Automatically Re-Am and Wait for Start Event

Mote: every Resume Recording starts a "Frame”
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11 Triggered Recording

11.5 Ensuring Keyboard Events Are Active

When you are ready to trigger an event by means of a keyboard event, ensure the

Event Input view is visible. If it is not visible, it is Not active, and your keyboard
events will not be detected.

A

CAUTION
Closing the Event Input view disables keyboard events

If you close the Event I nput view, keyboard events will not be
detected. If you want to use keyboard events, see the information in
this section and ensure that the keyboard events are enabled.

There are several ways to ensure that the Event Input view is visible in some
form—either pinned, unpinned or tabbed—and therefore, that keyboard events
are enabled:

» Ifthe Event Input view is unpinned and minimized (hidden), the Event
I nput function is active and the keyboard event function is enabled.

Event Input view is unpinned and hidden—
Keyboard events are enabled:

Eg PlexControl - PlexControll

: File View Display Configure Data
PELLICAT] HAN Event Input view is unpinned

M 9 and hidden

(this is the default condition).
System

&, Create View Layout for Sources

ndujjusaz 14

%, Automatically Configure Sources
H Start Recording Data
B, Stop Data Acquisition
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» If the Event Input view is open (pinned or unpinned), keyboard events are
enabled. You can click on the toolbar pushpin once to pin it, then again to

unpin and minimize it.

Event Input view is open—Keyboard events are enabled:
Open (pinned) Open (unpinned)

”
=g PlexControl - PlexControll =g PlexControl - PlexControll
i File View Display Configure Data Windou i File View Display Cenfigure Data Window |
EDE‘?E‘?‘H|§‘?Q!§> meghg! EDE‘?@H|§‘?Q!§D LR L =
: Event Input [2]x gz | EventInput [5]x
Auto Hide g | Auto Hide
L E
=
=
=
KBDT [Alk+1] KBDZ [4lt+2) KB [Al+1) KBD2 [Al+2)
KBD3 [4lt+3) KBDE [Alt+4) KBD3 [Al1+3) KB4 [Alt+4)

» Ifyou close the Event Input view by clicking the “x” in the upper right
corner of the view, keyboard events will not be detected.

Clicking the “x” will close the Event Input view
and disable keyboard events:

! File View Display Configure Data Win
LT TIEEEY T
i Event Input J;l
| Close -
If you close the Event Input
KBD1 (A1) KBDZ (Alt+2) view, keyboard events will not
be detected.
KED3 [Alt+3) KED4 [Alt+4)
Note:  You can re-enable the keyboard event function as described below.
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11 Triggered Recording

To open the Event Input view (if it is currently closed), select it from the View
menu, as shown below. This will ensure that the system can detect keyboard

events.

=g PlexControl - PlexControll

i File ‘u"iew| Display Configure Data Win

0 G \ Create View Layout for Sources
/|2 Bvent Toolbars 3
KBD3 Ge

Tasks

Y| Sources And Channels
8% Source Chain
Properties

Properties Spreadsheet

—_—

8 Event Input -

=E PlexControl - PlexControll

Data Window Run Help

NE=EHS 2 Qléb\,' I'E]I%%]ﬂ.ﬂ.qjl?.g]!;n \?:!?;!|my‘§1!§n B G ar

1 x

¢ Tasks

Messages
— ] o [ 7 i File View Display Configure
E Continuous .
— %: Waveforms i ventlnput
KBD3 Generated
#8 Clusters 2D [
Trodal KBDT [t+1)
Ml Surface
30 Clusters3D KBD2Z [&lt+2)
I . Units
Bl Activity KBD3 [lt+3)
[ Firing Rates
Z2 Spectral KBD4 (Bl+4)
55 Spike Snapshof|
Peak Histogra KBDS [Alt+5)
ShUWEE Spike Sample
— w Spike Sample KBDE [Alt+E)
KBD7 [&)t+7)
KBDE [2)t+8)

LS

’N Start Data Acquisition

% Create View Layout for Sources

¢ Properties 10O x
1= KBD (Source #8)
On Device Keyboard Event Generator
Channel Type Digital Event
Channels 8
Enabled
Record Enabled
=/ Channel 3 on KBD (Source #8)
MName KBD3
Record Enabled

: Properties SpreadSheet for 'K

Name PLX chan
1 KBD1 101
2 | KBDZ 102
==3 | KBD3 103
4 | KBD4 104
5 |KBDS 105
& |KBDS 108
7 | KBOT 107
& |KBDS 108

Trigger keyboard events, when desired, by pressing the appropriate keyboard key

or by clicking on the appropriate button in the Event I nput view (above).

Be sure that you have specified the action the system should take for each

keyboard event on the Recording Control page of the Global Options dialog:

() From GUI Cinby

i@ After 1

Occumencels) of an Event :

Source [#E "KBD"

)

Channel : [Arr:.r v]
Value ; |
) Mter |0 i - |2 Hours::Mins::Secs

have elapsed
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11.6 Timing Considerations—Timed and Event-triggered Recording

The timed/triggered recording feature is not intended to be used to record very
short files. The shortest allowed file duration is approximately two seconds, and
attempts to trigger recording more frequently will be ignored by PlexControl,
until at least two seconds have elapsed.

You should expect a gap of approximately 1-2 seconds between each pair of
recorded files, which should not be a problem for recordings of typical durations.
Timestamping will still be correct within each file, but the brief interval of data
that occurred between the closing of one file and the opening of the next will not
be recorded. In situations where you require short, precisely timed recordings, for
example recording exactly two seconds of data each time an experimental
stimulus is applied, you should instead record a single longer file and use digital
events recorded in the file as markers for the intervals of interest.

Similar considerations are true for pausing and resuming recording in any file.
When you use event-triggered recording, there is a small amount of delay
between when the RSTART/RSTOP occurs and when recording actually starts
and stops. This delay is typically around 100 ms, but can be longer in some cases;
to be safe, you should allow at least one second between an RSTOP and the next
RSTART. If you need to record very short trials (say, less than 10 seconds each),
then instead of using RSTART/RSTOP to start and stop recording, use the
following technique: Record the entire series of trials, including the “dead time”
between trials, continuously without stopping, but use digital events (e.g.
EVTO001 and EVT002) to mark the exact start and end of each trial within the

recording. You can then use offline tools (such as NeuroExplorer® interval
features) to extract the data corresponding to each precisely event-bracketed trial.

As with all recording, it is strongly recommended that you make a short test
recording to confirm that event-triggered recording is working as expected,
before proceeding to recording important experiment data.
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12 Auxiliary Analog Input

12.1 Auxiliary Analog Input (AuxAl)

The Auxiliary Analog Input (AuxAl) device is a multichannel A/D card in the
OmniPlex System chassis which is provided for direct acquisition of non-neural,
low-frequency signals (250kHz or less) such as those output by position or
orientation sensors. By “direct,” we mean that the OmniPlex System provides no
preamplification or other analog signal conditioning for these inputs.

The AuxAl chassis cards are shown in the photo in Section 12.2, “5 kHz, 10 kHz
and 20 kHz Maximum Sampling Rates” on page 366.

There are several types of AuxAl cards:

» The standard AuxAl module, suitable for sampling rates up to 10 kHz
maximum, is the 16 channel PXI-6341.

Note: (Some systems use the 5 kHz 32 channel PXI-6224.)

* The “fast” AuxAl module, suitable for sampling rates up to 250 kHz
maximum, is PXI-6259.

If you are unsure whether you have a standard or “fast” card, you can determine
this in the Device Manager of your PC:

!;!@ b Control Panel » All Control Panel tems »

File Edit View Tools Help

Adjust your computer's settings

.P' Action Center [ Administrative Tools i
Bl Color Management Credential Manager |
[@ Desktop Gadgets ——P» &l Device Manager t
@ Ease of Access Center Flash| Device Manager

' View and update your hardware's
* Hom settings and driver software.
|| Java (32-bit) &= Keyboard L

=1 Getting Started |
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File Action View Help

&% = H=®

4 54 PC

I_.> M Computer
4 "W Data Acquisition Devices -«————— Expand Data Acquisition Devices
LW 6259 g

|:> -« Disk drives

:> --.'I-. Display adapters

> ey DVD/CD-ROM drives

J:tﬁ Human Interface Devices

b Keyboards

> --ﬂ Mice and other pointing devices
> | Monitors

> ¥ Metwork adapters

If you need additional assistance, contact Plexon® support.

The supported maximum sampling rates are shown in the Topology Wizard
dropdown list:

16 ch, 10kHz max | AuxAl Select the 5 kHz option if you have
M the PXI-6224 module
one
32 ch, 5 kHz max <& < _ You can select 20 kHz or
32 ch, 20 kHz max 250 kHz if you have the

4 ch, 250 kHz max PXI-6259 module
~—~ Select the 10 kHz option if you have

the PXI-6341 module
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12 Auxiliary Analog Input

12.2 5 kHz, 10 kHz and 20 kHz Maximum Sampling Rates

The image below shows the AuxAl card.

0-
=

XON a1 A2 AUXILIARY 1/0
o '

: 09-42-A-02-A
anof :
..:‘" . i j: : | 1

Copyright 2012 /'@ |
Plexan, Inc.

16 channel card

Maximum sampling rates of up to 10 kHz per channel are supported for the
PXI-6341 AuxAl card, but the default rate is 1 kHz, the same rate that is used for
digitizing field potentials. You can use all 16 channels at these sampling rates.
Note that the 16 inputs are sampled in multiplexed fashion within each sampling
period, unlike the simultaneous sampling implemented in the DigiAmp
Amplifier, MiniDigi Amplifier and DHP unit. However, the same master clock
(from the TIM or TIMe card) is used to drive both devices, as well as the digital
input (DI, DIN or DINe) card, ensuring synchronized sampling across all devices.

Easy access to the 16 input channels is provided via a BNC / D-sub breakout
panel located immediately to the right of the AuxAl card in the chassis.

32 channel cards

Maximum sampling rates of up to 5 kHz per channel for the PXI-6224 card, or 20
kHz per channel for the “fast” version of the AuxAlI card (PXI-6259), are
supported, but the default rate is 1 kHz, the same rate that is used for digitizing
field potentials. You can use all 32 channels at these sampling rates. Note that the
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32 inputs are sampled in multiplexed fashion within each sampling period, unlike
the simultaneous sampling implemented in the DigiAmp Amplifier, MiniDigi
Amplifier and DHP unit. However, the same master clock (from the TIM or
TIMe card) is used to drive both devices, as well as the digital input (DI, DIN or
DINe) card, ensuring synchronized sampling across all devices.

Easy access to the 32 input channels is provided via a BNC / D-sub breakout
panel located immediately to the right of the AuxAl card in the chassis.

Input range

The input range of the AuxAl channels is a fixed +/- 5V, with 16 bit resolution.
Even for an input signal with an amplitude of only +/- 0.5V, the signal will still be
digitized to better than 12 bits of resolution. For applications requiring a greater
input range than 10V peak-to-peak, a voltage divider can be inserted between the
external device and the Al inputs.

See Appendix J: Hardware Pinouts, Connections and LEDs for details on
connecting to the AuxAl breakout panel.

Continuous data from the AuxAl card is an independent source in the Server
topology, and data for the Al source is written directly to the Main Datapool
without any signal processing. The only device option for the AuxAl card is the
per-channel sampling rate. You can access the Aux Analog I nput Device
Settings dialog by right clicking in the appropriate box in Server and selecting
Edit Device Options....

AUKi“EI’_I?AI'IE'GQ WI:I/ 212 Al \| |
Input H . bl

1P k
Edit Device... .

_____ Edit Device Options...
""" Show Device Characteris%cs...

I Add Mew Source To Device... q

Remowve Device
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12 Auxiliary Analog Input

-

Aux Analog Input Device Settings @

1000 * | Sampling rate (Hz)

Ok ] [ Cancel

Note that you must stop data acquisition before changing the sampling rate.

After you restart data acquisition, the system will apply the adjusted sampling
rate value to all AuxAl channels. When you save the .pxs (topology) file in
Server, or the .pxc file in PlexControl, the current settings of the SPKC and FP
separators are also saved in the file.
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Al channels are shown in their own tab in PlexControl, labeled Al - Continuous.

i Al - Continuous * 1 X
P 7| Bl @ | A5 et Mag: 100 3 HF R G T | B

0= 25

23

3750.00 my

m

-3750.00 mY

3750.00 mvV

-3750.00 mY

3750.00 mY

-3750.00 m\Y

3750.00 mvV

-3750.00 mv - [

%5 AT - Conti... | [l SPK - Act... | Bl Firing Rat...

[ Drops: 0
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12 Auxiliary Analog Input

The sweep rate, magnification, and number of channels can be adjusted, as with
the other continuous views, but none of the gain control or thresholding
functionality is applicable. However, you can use the Properties Spreadsheet
(with the Al source selected) to enable and disable recording of individual

channels:

! Properties SpreadSheet for "Al

MName PL¥ chan | Enabled Record
==1 | Al01 193 @ @
2 | AlDZ 154 @ @
3 | AD3 195 [ 2
4 | AlD4 196 @ @
5 |AIDS 197 [ [
§ | AlS 198 @ @
T | AT 199 | (<]
& |AlDs 200 [ 2
5 |AlDS 201 5 [
10 | AND 202 @ @
1 | AN 203 | |
12 | ANZ 204 [ [
13 | AN 205 B |
14 | A4 206 ) [
15 |ANS 207 | [
16 | ANS 208 | |
17 | ANT 209 ] |
18 TANR n A FA
TIP

Loading a .pxc file with a different sampling rate

If you attempt to load a .pxc file which was saved with a different
AuxAl sampling rate than the rate currently in effect in Server, the
sampling rate loaded from the .pxc will override the Server rate.
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12.3 250kHz Maximum Sampling Rate

Sampling rates of up to 250 kHz per channel are supported with the “fast” AuxAl
card, with a maximum of four channels. This is useful for researchers who wish
to record high-frequency audio or other high-frequency experimental data. Note
that since the AuxAl device is intended for digitization of non-neural auxiliary
signals, the digitized signals cannot be thresholded or spike sorted, and no digital
filtering or other processing is currently supported on AuxAl channels.

To enable sampling rates greater than 20 kHz per channel, you must create a
topology (pxs) with the appropriate AuxAl option using the Topology Wizard in
Server. In the Topology Wizard AuxAl dropdown control, select 4 ch, 250 kHz
max:

16 ch, 10 kHz max | AuxAl

Mone
32 ch, 5 kHz max
32 ch, 20 kHz max

4 ch, 250 kHz max
16 ch, 10 kHz max

This allows the AuxAlI card to be used at digitizing rates of up to 250 kHz per
channel, but at these rates, a maximum of four channels (AIl — Al4) can be used.

After selecting the 250 kHz max option, a message reminds you that you must
have the “fast” version of the AuxAl card for rates greater than 5 kHz per
channel:

CmniPlexServer

If you are not sure which version of the AuxAl card you have, use the method
provided in Section 12.1, “Auxiliary Analog Input (AuxAlI)” on page 364 to
identify your card.

If you wish to upgrade from the standard AuxAl card to a faster card, please
contact support@plexon.com for assistance.

Digitizing rates greater than 40 kHz require that the OmniPlex® timestamp
resolution be set to one microsecond, rather than the default 25 microseconds. If
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the timestamp resolution is not currently set to one microsecond, the following
message will ask whether it should be adjusted:

p
OmniPlexServer

I.-"'_"“-. If you wish to use AuxAl sampling rates greater than 40 kHz, the
W OmniPlex timestamp resclution must be set to 1 micresecond, De you

want to change the timestamp reselution?

Select Yes to set the timestamp resolution to one microsecond.

Timestamp resolution is explained in more detail in the next section.
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12.4 Timestamp Resolution

Timestamp resolution refers to the smallest time increments, or “ticks” in which
timestamps are stored in recording files and in data that is sent to online client
programs. Both in the OmniPlex System and in applications such as Oftline

Sorter™ (OFS) software and NeuroExplorer® software, the timestamps are
displayed in terms of seconds, fractions of a second, microseconds, etc, and the
underlying “tick” resolution is of little or no concern.

Note: If you do not work with raw integer timestamp values, for example in client
programs or custom code that directly reads blocks of data from a plx file, you
can safely skip over this section.

The default timestamp resolution in Plexon systems is 25 microseconds, i.e. 40
kHz. This is not the same as the digitizing rate, but the maximum digitizing rate
cannot exceed the timestamp resolution.

The default timestamp resolution of 40 kHz means that in the raw integer
timestamps stored in a file or sent to clients, two timestamps that differ by 40,000
represent a time difference of one second. Successive samples on a wideband
(WB) or spike-continuous (SPKC) channel will typically have timestamps that
increment by one tick for each sample, since in this case the 40 kHz wideband
digitizing rate coincides with the 40 kHz timestamp resolution.

By comparison, successive samples from an FP or AuxAl channel, at their
default 1 kHz digitizing rate, will differ by 40 ticks. This is because 40 ticks * 25
microseconds = 1000 microseconds = 1 millisecond, and 1 second / 1 millisecond
= 1 kHz. Another way of looking at this is to consider that the FP or AuxAlI
channel is being digitized at 1/40 the rate of a wideband channel, so successive
timestamps are 40 ticks apart rather than 1 tick apart. By the same logic, a
channel that is digitized at 10 kHz would have timestamps that increment by four
ticks from one sample to the next.

It is important to remember the distinction between the digitizing rate and the
timestamp resolution. The timestamp resolution is simply the scaling factor that
converts raw integer timestamps into floating point timestamps in seconds, or
vice versa. Different sources, e.g. WB versus FP, may have different digitizing
rates, but they will represent their timestamps in terms of the same timestamp
resolution. The timestamp resolution is a single system-wide property, whereas
each source can have its own digitizing rate.

In the context of the above discussion, it should be clear why the default
timestamp resolution of 40 kHz is inadequate for digitizing rates greater than 40
kHz: timestamps less than one 25 microsecond tick apart cannot be represented
as integers. Therefore, in order to support higher digitizing rates, the system
supports a one microsecond timestamp resolution mode. Any time that you set a
digitizing rate greater than 40 kHz, the system will request permission to set the
timestamp resolution to one microsecond, as described in the previous section.
You can also manually set the timestamp resolution in Server’s Global Options
dialog:
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Timestamp resolution
@ 1 microsecond

25 microseconds

Mote: Sample rates = 40 kHz
require 1 microsecond
timestamp resolution

You must restart the system after changing the timestamp resolution.

For sources whose digitizing rates are 40 kHz or less, note that the accuracy of
timestamping is not affected; the only effect is to multiply the raw timestamps by
25, and this effect is invisible when you view the timestamps in Offline Sorter
software, NeuroExplorer, and most other applications. In general, unless you are
using an AuxAl digitizing rate greater than 40 kHz, you should leave the system
time