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Foreword

WARNING

Whisker is a system designed
for research purposes only,
and should never be used to
control medical apparatus or

other devices that could
endanger human life.

DISCLAIMER

The authors, copyright holders,
and distributors disclaim all
responsibility for any adverse
effects that may occur as a
result of a user disregarding
the above warning.
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1.1

Overview of Whisker

Introduction

Whisker —

Control system for research

by Rudolf Cardinal and Mike Aitken

© Cambridge University Technical Services Ltd. All rights reserved.
www.whiskercontrol.com

Whisker is a software system designed for controlling digital input/output devices. Its principal
function is to control operant chambers for behavioural experiments. Whisker is based on a client—
server software architecture: a server program is responsible for dealing with the hardware (i.e.
provides digital or multimedia 1/O services), while one or more clients can communicate with this
server simultaneously to use these services. Each client would typically be implementing a
function, usually a specific behavioural task.

In a typical research situation using operant chambers, the researcher will start the experimental
day by running the WhiskerServer program and checking that all the equipment is working (simple
clients can help with this). A client program that implements the required experimental protocol is
then run, with the appropriate parameters set. The subject is placed into the relevant operant
chamber, and the task started.

While this task is running, the researcher can use the WhiskerServer in any way — usually by
running other tasks in other operant chambers — and the WhiskerServer will ensure that nothing
influences the task in progress. This means that the common situation in which several subjects are
being run simultaneously is no more difficult to program than when only one subject is involved —
even if each subject is run under a different protocol: each task is run separately, and no special
programming is required to ensure that the tasks can be run simultaneously.

While the tasks are running, the experimenter can monitor the process of the tasks from the
WhiskerServer console, or from the client application, or from a remote computer using the status
client, or a web browser.

WARNING. Whisker is a system designed for research purposes only, and should never
be used to control medical apparatus or other devices that could endanger human life.

DISCLAIMER. The authors, copyright holders, and distributors disclaim all
responsibility for any adverse effects that may occur as aresult of a user disregarding the
above warning.

© Cambridge University Technical Services Ltd
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1.2  Citing Whisker
CITING WHISKER

The reference publication is:
Cardinal RN, Aitken MRF (2010). Whisker: A client—server high-performance
multimedia research control system. Behavior Research Methods 42: 1059-1071.
PubMed ID: 21139173. DOI: 10.3758/BRM.42.4.1059.

The web site is:
http://www.whiskercontrol.com

1.3 History, acknowledgements, bibliography

Whisker was first used in the Behavioural and Cognitive Neuroscience Group of the Department
of Experimental Psychology, University of Cambridge, UK. It was written in late 1999 because the
alternative at that time was expensive and becoming obsolete; the opportunity was taken to design
a system that was much more powerful and flexible than any previously available, and much

cheaper.

Thanks to the following peaple:

¢ Rob Milner sparked the whole thing off by telling me how cheap the hardware was.

e The IV SA group told me what was needed — particularly Maria Pilla, Smon Howes, Dan
Hutcheson and Barry Everitt. Maria also served patiently as the guinea pig for the first
system.

o Barry Everitt approved the project and provided encouragement throughout.

The following books were useful during this project:

e Stevens WR (1998). UNIX Network Programming, Volume 1. Networking APIs: Sockets
and XTI. Prentice Hall.

o Kain E (1998). The MFC Answer Book: Solutions for Effective Visual C++
Applications. Addison Wesley.

e Prosise J (1999). Programming Windows with MFC, second edition. Microsoft Press.

e Cline MP & Lomow GA (1994). C++ FAQs:. Frequently Asked Questions. Addison
Wesley.

e Musser DR & Saini A (1996). STL Tutorial and Reference Guide. Addison Wesley.

e Chapman D (1998). Teach Yourself Visual C++ 6 in 21 Days. Sams/ Macmillan.

e SchwartzRL & Christansen T (1997). Learning Perl, second edition. O'Reilly.

e Wall L, Christiansen T & Schwartz RL (1996). Programming Perl, second edition.
O'Reilly.

e Cohen A & Woodring M (1998). Win32 Multithreaded Programming. O'Reilly. (Includes
the MCL and MCL4AMFC multithreading libraries.)

e Mel HX & Baker D (2001). Cryptography Decrypted. Addison-Wesley.

e HowardM & LeBlanc D (2002). Writing Secure Code. Microsoft Press.

e Shamir A & van Someren N (1998). Playing hide and seek with stored keys. (Paper
available from www.ncipher.com under White Papers; keyhide2.pdf.)

The following software was used:
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e Microsoft Visual C++ 6.0 Professional (4z2p:/ / msdnmicrosoft.com/ visuale), and subseguently
Microsoft Visual Studio 2008 Professional

e 1nno Setup, by Jordan Russell (Az£p:/ /www.jrsoftware.ors/); this replaced InstallShield.
o Microsoft Word 97 (bt1p:/ /[ www.nicrosoft.com/ office)

o Adobe Acrobat 4.0 (Ltp:/ [ www.adobe.com/)

o Adobe lllustrator 8.0 and later (4#£p:/ / www.adobe.corn/)

TextPad 3.2.5 and later (bzzp:/ /www.textpad.com/)

o Perl 5 and later for WIin32 (bztp:/ / www. ActiveS tate.com/)

¢ Microsoft Visual Basic 5.0 and 6.0 Professional (Lzzp:/ / msdn.microsoft.com/ vhasic)

o Paint Shop Pro 6.02 and later (bzp:/ / www.jasc.com/)

e Help & Manual 3.1 and later (Lp:/ [ www.belpandmanual.com/)

Araxis Merge 2001 v6.0 Professional (4¢tp:/ / www.araxis.com/)

e CS-RCS Pro revision control software (4zp:/ / www.componentsoftware.com/ ), Subsequently
replaced by Subversion (4zp:/ / subversion.tigris.org/)

e The Cryptot++ cryptographic library for C++ (Lztp:/ /www.cryptapp.com/)
¢ For video, DirectShow filter concepts and libraries including adaptations of GMFBridge (
bttp:/ [ www gdclconk/) and DirectShow Audio Transform (bzp:/ /[ www.chrisnet.net/ code).
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TROUBLESHOOTING - FAQ
TOUCHSCREENSAND DISPLAYS

Q. My touchscreen doesn't work.

For the touchscreen to work, it must communicate with UPDD. Make sure you have installed it
as described in the instructions for installing touchscreens.
e Start the UPDD Settings program.
e Choose the "Status” view.
¢ Re-initialize the touchscreen. [Note: if you have multiple touchscreens, you have to switch to
another panel of the UPDD Settings program, choose the correct touchscreen, switch back to
the Status panel, and click "Re-initialize"; otherwise, it re-initializes the wrong touchscreen.]
o If the display eventually says "OK", UPDD has basic communication established;
proceed.
e |f nat, either (1) the touchscreen has the wrong DIP switch settings; (2) Windows has the
wrong COM port settings; (3) UPDD has the wrong COM port settings. Fix and repeat.
e Touch it afew times. If Sync errors appear, the touchscreen has incorrect DIP switch
settings; fix these (with the touchscreen power cable disconnected) and re-initialize.
¢ Calibrate the touchscreen using the UPDD calibrator.
e Enable it in WhiskerServer (Configure hardware — Touchscreens).
o Try it on a Whisker test pattern.

Q. My touchscreen works - sort of. When | tell WhiskerServer to display atest pattern,
it responds to my touches, but it interferes with my mouse.

Whisker isn't using the touchscreen; the mouse movement is coming from the UPDD driver.

Choose the menu option Configure hardware — Touchscreens. Make sure the touchscreen is
enabled and attached to the correct monitor. Restart the server.

This problem may arise if you re-install a touchscreen, as UPDD gives the re-installed
touchscreen a new name.

Q. My touchscreen response appears abnormally prolonged.

Synptom If | make a very short screen touch, while watching the server's debugging display,
the touch-detector stays lit for longer than the screen is touched.

Problemt UPDD, the software that is an intermediary between Whisker and the touchscreens,
is misconfigured. This problem arises if the "lift-off time" is set too high. In old versions of
UPDD (version 2), a lift-off time of "40" meant 40 ms. In newer versions (version 3), a lift-off
time of "40" means 40 x 20 ms = 800 ms (as lift-off is defined in units of 20 ms). Try reducing
this value to 2 in the UPDD settings.

DIGITAL INPUTSAND OUTPUTS

Q. All digital input lines appear to be on

The computer may not be connected to the hardware properly. This is especially likely if many
digital input lines are flickering on/off together. Check all cables. (Sometimes it can be difficult to
plug in several Amplicon 78-way cables, if your computer's case gets in the way. We have once
solved this problem by paring away some of the plastic with a sharp knife, but don't pare too
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deeply — you might cut a cable!)
Q. Digital 1/0O devices behave... strangely
For example,

¢ Digital inputs are not always 'on’ or 'off' but the optoisolator LEDs attached to input lines
sometimes fade in and out.

e Levers get stuck halfway, or move on their own, or click slightly.

¢ Relays click spontaneously as they 'float'

¢ When you turn the power supply on after it's been off for a while, optoisolator LEDSs light up
(as stray capacitance discharges).

The devices are improperly grounded. There is aimost certainly a loose or unconnected wire in
the ground circuit of the digital 1/0O boards or of the operant chamber devices. Check all colour
coding of wires!

Q. All devices switch on when the computer is reset.

This is a known problem with Amplicon digital 1/0 boards. Install a safety relay system.

Q. Components on an Amplicon EX230 input panel or EX221 mixed panel start smoking

If you haven't turned the power off, do it this instant. Y ou have connected a +24V supply to the
A/B/C'VCC' line in block SK6. The optoisolator chip was hoping for 5V. The optoisolator chip
has been destroyed. Oops. Our condolences; we've done it too. When you replace the blown
Wickman fast-blow 19370K 1A fuse (1.0 A) on the EX233 distributor board, you may find out
that all the optoisolator lights are on. Buy another optoisolator board.

Q. All the optoisolator lights are on

Did you plug a 24V line into a VV CC line connected to an optoisolator chip? Y ou've destroyed the
optoisolator chip. See above.

Q. I've installed afailsafe relay, but | can't work out how to tell the server about it

Choose the menu option Configure hardware — Configure failsafe outputs.

TESTING TASKSON COMPUTERSWITHOUT FULL HARDWARE

Q. I want to run atask on my office computer, but it doesn't have an operant chamber/
touchscreen/second monitor... When | try to run my task, it complains that it can't claim
aline/display/audio device...

For example, suppose you install Whisker on your office computer, and then install and run

MonkeyCantab (one of our tasks). This task needs digital input/output (1/0) lines, to control pellet
dispensers etc., and a touchscreen and audio device. Suppose it gives an error like this:

Failed to claim display screen, unable to claim lines. Cannot start task.
Error message: "Claim refused:box0:screen not recognized” received!

This indicates that there is no display device known as "box0:screen”. Why?
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A1l. Ensure that your device definition file is set up correctly.

Have you actually told Whisker that you want to call your display "screen” in a device group called
"box0"? This is the job of the device definition file. Y ou need to create an appropriate definition file
(for which, see the manual for your task) and tell the server to use that definition file.

A2. Ensure that you have appropriate digital 1/O lines, creating "fake" ones if necessary.

If your task needs a lever and a pellet dispenser, your device definition file has been created to
refer to one, and yet you don't have any such physical devices attached to your computer - and not
even a digital 1/0 card plugged into the computer that would communicate one - then you need to
tell the server to create "fake" (debugging) lines. Once the server has created fake lines, ensure
your device definition file refers to the line numbers that correspond to your fake lines (looking at
the server's line status display will allow you to see the line numbers of your fake lines).

A3. Ensure that you have enabled your audio card.

Y our task may require an audio device, in which case your device definition file should refer to it.
But you also need to tell Whisker which audio cards to enable.

A4. Ensure that you have enabled your display device.

If your task needs a display device, you must tell Whisker to use a display device. If your office
computer doesn't have a second monitor, you will need to use your primary display as the
experimental monitor. In this case, when you restart the server, you'll see a large black window.
Use Alt-Tab to switch between windows in case you can't see your Windows taskbar. Y ou may
see several Whisker-related icons. Here's an annotated real example, with some other programs
also running from Windows 2000:
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Example of pressing Alt-Tab to switch windows while running Whisker

WhiskerServer console Whisker virtual display (unusual)
MonkeyCantab ImpulsiveChoice
task task

Adobe Paint Shop
Hlustrator Pro

|
Zd Lg, ok A

Mozilla

IWhiskerSaver
Visual Help & Eudora Help & Windows
C++ Manual Manual Explorer

WhiskerTestClient Whisker full-screen
display

Here's a similar one in Windows XP (which shows a preview of the application you can switch to
as well). Here there is a Full screen display window, and the console window:

© Cambridge University Technical Services Ltd



10

Whisker

AS5. Ensure that you have enabled your touchscreen.

If you have a touchscreen, Whisker needs to be told which touchscreen is attached to which

display. If you don't have a touchscreen, then you can simply use the server's console copy of a
display and enable mouse input, mimicking a touchscreen.

© Cambridge University Technical Services Ltd
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Obtaining Whisker

Editions of Whisker

Whisker is available in several editions. A synopsis of the differences between the editions is
shown here:

Feature Basic Multimedia Programmer's Embedded Edition
Edition  (Full) Edition Edition for CANTAB

Full TCP/IP communications \ \ x

(supports any client) (CANTAB only)

Control of ‘fake' (virtual) digital \ \ x

1/O lines for programming

Control of physical digital /O +/ N x \ (but for CANTAB

lines via interface cards only)

Graphical display and x \ \ \ (but for CANTAB

multimonitor support only)

Touchscreen support (via x \ x \ (but for CANTAB

UPDD driver) only)

Touchscreen emulationusing N N v

mouse

Mouse and keyboard input x \ \ \ (but for CANTAB
only)

Audio output x \ \ \ (but for CANTAB
only)

Digitally-signed data logs \/ N \ \

Video x \ \ \ (but for CANTAB
only)

See also
e Ordering Whisker

Ordering Whisker

Whisker is owned by Cambridge University Technical Services Ltd.
It is sold under licence by

Campden Instruments Ltd
http://www.campden-inst.con/

See also
o Editions of Whisker

© Cambridge University Technical Services Ltd
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4 Installing Whisker software
4.1  Software requirements
Y ou will need:
e Whisker
e A compatible Windows operating system. WhiskerServer runs under Windows 2000, XP,
and Vista. WhiskerServer Standard Edition will also work under Windows NT 4.0 (with
Service Pack 3), but Windows NT 4 does not support multiple monitors and will therefore not
run the Multimedia Edition of Whisker fully. Windows 95/98/ME is not suitable for running
WhiskerServer. If you plan to use Vista, see also Notes on running Whisker under Windows
Vista.
e TCP/IP installed. Thisis a network protocol that comes with Windows. TCP/IP needs to be
installed to the point that 'ping 127.0.0.1' succeeds.
¢ Driver software for the digital 1/O cards. These cards come with driver software, which
must be installed separately.
e Driver software for any other installed cards, such as multimonitor cards or multi-way
serial port cards.
e Touch-Base UPDD software for touchscreens. Touchscreen support is provided by
means of the Touch-Base UPDD, which must also be installed.
To take full advantage of Whisker (i.e. to write your own tasks), you will need a programming
language that supports TCP/IP communications. This is discussed in greater detail later in this
Guide, but Visual C++ and Visual Basic are two useful programming languages.
4.2  Software installation

If you purchased WhiskerServer with hardware, this will all have been done for you. However, this
section be useful if you need to reinstall the software for any reason, or if you are installing
Whisker from scratch yourself.

Install Windows NT/2000/XP/Vista
If you don't know how to install this, find an expert. Y ou will want to install Windows NT Service

Pack 3 or greater (5 or greater for large hard disks) if you use NT4.
If you plan to use Windows Vista, see Notes on running Whisker under Windows Vista.

Tip

1 3

User accounts. When you instal Windows NT, it creates auser account called Administrator, and you set the
password for this account. Never losethis password. It is dso agood ideato add anew user (e.g "Rudolf") and
subsequently do al your work in this user, so that you alway s have the Administrator account to fal back on. You
may or may not want to givethe new user the power and responsibility of an administrative account. Choose Start
— Programs — Administrative Tools (Common) — User Manager to add users.

Y ou should log in to Windows NT as an Administrator for the installation of the rest of the
software — administrator authority is required to install TCP/IP, the Amplicon drivers and ODBC.

Y ou must install and configure TCP/IP (found under Control Panel — Network — Protocols),
even if you have not installed a network card, because Whisker uses TCP to communicate.
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Tips

1 3

Rescue Disk. Whenever y ou make mgor changes to your computer's configuration, update the Rescue Disk once
you are sure the new changes worked and the system is stable. Runr di sk. exe and choose Update Repair Info,
then Create Rescue Disk.

Regional settings. After instdlation, choose Control Panel — Regional Settings and configure y our computer for
the country you livein. It makes dates more consistent.

Command prompt here. If you would liketo be ableto right-click afolder and bring up acommand prompt
dready inthat directory, run Windows NT Explorer and choose View — Options — File Types. Choose "Folder”,
and click Edit — New. In the Action box, fill in "Command prompt here'. In the Application used to perform action
box, fill in

C. \WNNT\ systenB2\cnd. exe /k cd "%d"
or adifferent directory if you haveinstaled Windows NT elsewhere. Click OK.

Install digital I/O drivers

Please see the CDs supplied with your cards for details. Installation may be slightly complex. At
the time of writing, installation is different for ISA and PCI versions of the Amplicon cards, while
Advantech cards require installation of the drivers before installation of the cards.

Install multimedia drivers (monitors, serial cards, sound cards, touchscreens)
Windows drivers for monitors, serial cards and sound cards should be installed according to the
manufacturer's instructions. If you are using touchscreens, UPDD must be installed, and
touchscreens configured and calibrated according to the UPDD manual.

All devices should be enabled for use in Windows (for monitors, all monitors should be enabled,
and the desktop extended onto these monitors).

Install a database with ODBC support

This is optional. However, many commercial Whisker clients use the ODBC protocol to store data
in a relational database (RDBMS). They will work without this facility, but it dramatically improves
a lab's productivity. Microsoft Access 97 is one example of such a RDBMS. Windows 2000
comes with ODBC, but you will still need some form of database.

Install programming languages

Follow the instructions that accompany each product.

Install Whisker

Insert the Whisker CD and double-click the installation program for your edition (e.g. Basic,
Multimedia). It will be named something like Whisker M ultimedia_Setup.exe. Follow the on-
screen instructions.

Configure Whisker for your hardware

Once Whisker is installed, you can start the server by choosing Start — Whisker —
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Whisker Server. From the main menu, choose Configure Hardware and proceed according to the

instructions in the rest of this guide.

Technical Note: WhiskerReset startup behaviour

When Whisker is instdled, it regsters the WhiskerReset utility to be run when Windows starts. By default, this
ensures that all devices areturned off (high, or OV, on aconventiona sy stem) as soon as a user logs in to Windows.
If you wish to modify this behaviour, you must edit the sy stem registry. This should only be doneby an
experienced user. Choose Sart — Run — REGEDIT. Edit the key as follows:

Key: HKEYLOCALM ACHINE

SubK ey: SOFTWAREW icrosoft\Windows\CurrentVersion\Run\

Vdue WhiskerResetUtility
Type REG_&Z

Data Path to the WhiskerReset.Exefile.

Remove the valueto prevent any reset. Append the option "ReverseOutputs” or "On" to reverse the behaviour at
startup, i.e. to switch thelines al on (‘low’, or -24V, on conventiona sy stems).

4.3

Overview of installed software

When Whisker has been installed, it appears here (Start — Whisker):

@ Y for Development

Games

A B

Frograms

Documents
Settings
Search
Help

Bun...

Log Off Rudalf...
Shut Dow...

@ VQHEL L

Command Prompt

2 (5 Folders r
, = sok b
(5 Utility Clierts b

The Whisker suite includes the following software:

o WhiskerServer, the server program.

e On-line documentation, including this User Guide and a ReadMe file with reminders on

installation.

e WhiskerStatus, a client used to find out the status of your subjects from another computer.

Source code is supplied for this program.

e WhiskerReset, a small command-line utility to reset all your devices.
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4.4

4.5

4.6

The following clients (behavioural tasks) are supplied, all with full source code:

e Second-order schedules of reinforcement. This package includes (1) the SecondOrder
task, written in C++; (2) a relational database for automated data storage, which requires
Microsoft Access 97 (part of Micrasoft Office 97 Professional); (3) a spreadsheet for
displaying cumulative record graphs, which requires Microsoft Excel 97.

e A simple command-line C++ client, as an example for you to extend.

e A simple Visual Basic client, as an example.

e A library for use in writing C++ clients.

The following third-party software is included:

e Adobe Acrobat Reader 4.05. Select the menu option to install Acrobat Reader. This is
required to read the on-line version of the User Guide (this document).

o Xitami web server (optional)
e Library files required to run Whisker software.

Uninstalling Whisker

If you ever want to uninstall Whisker, click Start — Settings — Control Panel — Add/Renove
Programs. Choose Whisker, and click Add/Remove.

Upgrading to a new version of Whisker

Log in as a user with administrator privileges.
Uninstall Whisker (Control Panel — Add/Renove Progrars, etc.)
Install the new version of Whisker.

Note: some future upgrade versions may be installed without uninstalling previous versions. Please
refer to any documentation that accompanies the upgrade.

Windows Vista and Whisker
Special considerations apply to Windows Vista, as follows.

INSTALLATION

Ensure you run the installer as an administrator (or it will be unable to intsall to \Program Files).
ALLOWING WHISKER THROUGH THE WINDOWS FIREWALL

When you run WhiskerServer, for the first time, you will see the following message:

W ndows Security Alert
W ndows Firewall has bl ocked sone features of this program

W ndows Firewall has bl ocked this programfrom accepting
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i ncom ng network connections. If you

unbl ock this program it will be unblocked on all private
networ ks that you connect to. \Wat are

the risks of unbl ocking a progranf

Name: Whi sker Ser ver
Publ i sher : Unknown
Pat h: C.\ Program
Fi | es\ Whi sker Control \ Whi sker Server . exe
Net wor k | ocati on: Pri vate network

Choose "Unblock” (rather than "Keep blocking').

If you get this wrong the first time, you can redo this using:

Start > Settings > Control Panel > Windows Firewall > Allow a program through Windows
Frewall.
Y ou can then choose either "Add program” (and select whiskerserver.exe, usually in C:\Program
Files\WhiskerControl) or "Add port" (and choose port 3233 of type TCP, giving it an appropriate
name such as "Whisker main port").

Explanation: WhiskerServer is a server program that must accept network connections to it, on
port 3233 and other ephemeral ports. Y ou do not have to let other computers have access to it, but
you must at least allow clients on the same computer to have access.

CHANGESTO DEFAULT NETWORK BEHAVIOUR: INTERNET PROTOCOL
VERSION 6

Note that Windows Vista by default accepts "localhost” to mean "this computer” for network
connections. The old "loopback” is not accepted. Furthermore, Windows Vista runs | Pv6. By
default, "localhost" refers to the 1Pv6 local address of ::1, rather than the older 1Pv4 local address
of 127.0.0.1. (This behaviour is all configurable by editing C:\Windows\System32
\Drivers\etc\hosts if you wish to do so.)

As of January 2009, Whisker clients supplied via www.whiskercontrol.com default to "localhost".
If you are using an older client, simply enter "localhost” or "127.0.0.1" instead of the old
"loopback”.

FEATURESOF WHISKERSERVER THAT REQUIRE IT TO RUN WITH
ADMINISTRATOR PRIVILEGES

If you do not run WhiskerServer.exe as an administrator, Windows refuses to let it run as a real-
time process; Windows silently fails (i.e. doesn't tell WhiskerServer that it won't allow this) and
changes the real-time request to "High". Furthermore, it is unable to write to the hardware
configuration section of the registry (see Whisker's use of the registry). Therefore,
WhiskerServer should be run with administrator privileges.

To configure WhiskerServer to run as an administrator, this is the easiest way:
o left-click Start > Whisker
o right-click WhiskerServer
o left-click Properties > Advanced > tick "Run as administrator” > OK > OK

Windows will say:
Access deni ed
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You will need to provide adm nistrator privileges to
changes these settings.
Click continue to conplete this operation

Click "Continue". Windows will say:
User Account Control
Windows needs your permission to continue
If you started the action, continue.
Save Shortcut Properties
Microsoft Windows

Click "Continue".

Now the usual WhiskerServer menu shortcut (and the Ctrl-Alt-S keyboard shortcut) will run
WhiskerServer as an administrator. However, whenever you do this, a message will pop up saying:

User Account Contr ol

An unidentified programwants access to your conputer

Don't run the programunl ess you know where it's from or
you've used it before.

VWi sker Ser ver . exe

Uni dentified Publisher

> Cancel - | don't know where the programis from or what
it's for.
> Allow - | trust the program | know where it's from or

|"ve used it before.
Click "Allow" or press Alt-A.

So your quickest shortcut to starting WhiskerServer is now Ctrl-Alt-S, Alt-A.
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5.2

HARDWARE installation

Introduction

This section of the guide covers

(1) The hardware required for Whisker

(2) How toinstall the hardware devices that Whisker will recognize;
(3) How toinstall Whisker.

(4) How to configure Whisker to use hardware

This is intended to be a guide to help with setting up the hardware and software you need for a

WhiskerControl system. It should be regarded as an addition to, rather than an a replacement for,
the manuals which will be provided with the individual products. Y ou must read any manuals and/
or readme files which come with the products, as information may become outdated very rapidly.

Although this guide is intended to help as much as possible, those without any experience in either
using or administrating Windows NT systems or wiring electrical equipment would be advised to
seek expert help.

Hardware requirements

Computer

Y ou will need a PC-compatible computer capable of running Windows NT or 2000. Y ou will need
enough 1SA or PCI dlots to install your digital 1/0 cards (see below). For additional functions in
Whisker Multimedia Edition, you may also need extra serial ports, or space for extra serial cards
(for touchscreen input), sound cards (for sound output) and a multi-monitor card (for dedicated
experimental displays).

We first used Whisker on an AMD K 6-2/450 system with 128 Mb RAM and Windows NT4
(costing about £510 in September 1999). That was more than fast enough for the digital 1/0
features of Whisker. Multimedia users may benefit from faster computers, however, as this

improves drawing speed.
Uninterruptible power supply

An uninterruptible power supply (UPS) is important to protect your system against mains power
failure, especially if you are using potentially dangerous devices such as intravenous infusion
pumps; in this situation, we consider a UPS essential. Using an UPS is also good practice because
it prevents data loss.

Digital input/output devices
Digital 1/0 cards currently supported are

e Amplicon 272 series (72-line digital 10)

e Advantech 1753 cards (96-line PCI digital 10)
e BNC Controller (Campden Instruments Ltd)

o ICS/ Advent

¢ National Instruments (selected models)
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e Serial ports
o Lafayette CANTAB USB

Multiple monitors
(Multimedia Edition only)

If you wish to have more than one video output, then extra monitor cards will be required.
M ultiple monitor cards are provided by a number of manufacturers, such as Matrox.

Touchscreens
(Multimedia Edition only)

Touchscreen compatibility is provided through the Universal Pointing Device Driver by Touch-base
Ltd. Any touchscreen supported by the UPDD is supported by Whisker.

For each touchscreen, a serial port is required. M ultiple serial cards are available from a variety
of sources.

Sound devices
(Multimedia Edition only)

Sound is supplied by using standard PC sound cards. Each card can be used as a single stereo
sound outputs, or a pair of mono outputs.

Notes regarding large systems

A single digital 1/0 card will provide a limited number of lines: typically 96 (for Advantech cards)
or 72 (for Amplicon cards).

If you need more lines than this, you will need more than one 10 card. PC-compatible computers
have a limited number of 1SA and PCI slots: you will need some slots for sound, serial or
multimonitor cards.

Even if you have enough lines in total, do you have enough inputs and enough outputs?

I nput/output mixes on Amplicon cards

With 24V devices, which we use, lines are configured in blocks of 24. Each block of 24 may be all
inputs, all outputs, or 16 inputs and 8 outputs. So each 72-line card can take the following input/
output mixes: 72/0, 64/8, 56/16, 48/24, 40/132, 32/40, 24/48, 16/56 (the only combination not possible
is 8/64).

I nput/output mixes on Advantech cards

Lines are configured in blocks of 8, to be input or output.

Very large operant control systems

Our intravenous self-administration boxes have up to 6 inputs and 8 outputs each. So a full 8-card

system should be able to run 41 of these boxes, and if you have fewer devices attached, you'll get
more boxes. So you could build systems that are very large by common behavioural neuroscience

© Cambridge University Technical Services Ltd


http://www.matrox.com/

HARDWARE installation 23

standards.

For a system this large, it might be a bit cheaper to get an 'industrial' computer (1 @ <£1,500?)
than the necessary number of smaller-capacity PCs (4-5 @ £500 each). On the other hand, |
generally prefer to have lots of cheap PCs scattered around running smaller systems — if one
system is damaged you lose less; also, you have more computers hanging around to do other things
with.

Whether you can actually use up the software limit of 8 cards depends on the other devices in the
computer. Each card will need a unique 1/0 base address, and very probably a unique interrupt.
Base addresses and interrupts are also used by things like serial ports, Ethernet cards and so on.
But if you use a PS2 mouse and keyboard, disable the serial (COM) ports, use a networked
printer and disable the printer (LPT/PRN) port, use PCI or on-board video, a PCI network card,
and as many as possible of your PCI devices share interrupts, you should certainly manage 5 or 6
cards in an industrial computer (360 or 432 lines). Note that multimedia Whisker setups will often
need to use PCI slots and interrupts for Audio outputs (one PCI slot for each 2 channel sound
card), Display outputs (at least one slot for a multimonitor adapter), and Touchscreen inputs (one
slot for a multi-serial card).

5.4 DANGER - safety with critical devices

We have discovered one potentially life-threatening eventuality. This relates to the use of
devices that are potentially fatal if switched on inappropriately — particularly intravenous infusion

pumps.

At the core of the Whisker system is a set of digital 1/0O boards that control your devices, and a
server program that controls the 1/0 lines. Whenever you start or stop the server, it makes sure
that all devices are off. While the server is running, it does its best to ensure that devices are never
left switched on by mistake, using a number of safety features.

So far, so good. But when the computer is first turned on (or hard-reset), output relays on
Amplicon cards are switched ON (see the Technical Note overleaf for an explanation). As
soon as you run the Whisker server for the first time, everything is OK. But consider the situation:
your tasks are running, there is a power cut; everything switches off. The power is restored; the
computer powers up; all the devices are switched on, including i.v. pumps; before the computer
finishes booting the animals are dead of an overdose.

We'd thought this through, and our computers had ATX motherboards that did not switch on when
power is applied; they need someone to press the ON button. We though we were OK, but we had
never tested the effects of very brief (<0.5 s) power cuts; this did cause the computer to reset,
and all devices went on.

The solution we have adopted is threefold:

1. Wire the power to the critical devices through a fail-safe devices. Whisker supports
and is aware of fail-safe devices. This removes the danger from power cuts.

2. Install uninterruptible power supplies for the control computers. This prevents the
nuisance and data loss caused by power cuts, and removes the danger if somebody has
forgotten to install a fail-safe device.

3. Never turn on or hard-reset the control computer with subjects in the operant
chambers and the operant chambers powered on. Run the server software at least once
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first. (Y ou can turn the computer on if you switch the box power supply off until the server is
loaded, or you can take the rats out until the server is loaded, or whatever.) This prevents
subjects being confused by devices switching on and off, and removes the danger if somebody
has forgotten to install a fail-safe device.

Whisker is a system designed for research purposes only, and should never be used to
control medical apparatus or other devices that could endanger human life.

See dlso:

¢ Fail-safe devices
e Technical note: why does this happen?

Fail-safe devices

Every system that has a device that could be dangerous if accidentally switched on or off
should have a fail-safe device installed.

Note also that Whisker is a system designed for research purposes only, and should
never be used to control medical apparatus or other devices that could endanger human
life.

Parts required

e 24V 10A 3.5mm PCB power relay, RS part no. 229-3614, £2.75 each
¢ DIN rail mounting socket for 3.5mm PCB relay, RS part no. 400-4129, £3.07 each
e LED power monitor module for mounting socket, RS part no. 400-4056, £2.59 each

Wiring the system

Designate two dedicated outputs on your system for fail-safe outputs. Call them X and Y.
Wire them as follows:
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+28Y from mains PSU

Power to Amplicon hardhwsare

Grey shading indicates the safety relay device.

M .
Relay X COM . NC (pin 12}
coil pin P.1
MC > - - V\.
st LD g COM (pin 11)
Fle] ® &
coil pin A2 relay ol o (pin 14)
Relay COM *—
MG L]
Amplicon relays, +28Y 1o boxes
attached to
WhiskerServer
autput lines
X oand Y.

o0y {ground)

(Note: this high-power relay will not run from the 5V TTL outputs on the Amplicon EX233
distribution board.)

Controlling the power

¢ Wire the main box PSU to the COMmon pin of relay X.

e Wire the N/C (normally closed) pin of relay Y to one of the safety relay coil pins.
¢ Wire the other safety relay cail pin to the N/O (normally open) pin of relay Y.

e Wire the COMmon pin of relay Y to ground.

The N/O pin of relay X isn't used and mustn't be connected to anything.

The N/C pin of relay Y isn't used and mustn't be connected to anything.
Thus, when relay X is off andrelay Y is on, current flows to the safety relay's coail.

Power to the devices

¢ Wire the main box PSU to the COMmon pin of the safety relay.
¢ Wire the N/O (normally open) pin of the safety relay to your boxes 24V power line.

Thus, the boxes only get power when X is off and Y is on.
Configure WhiskerServer

The WhiskerServer program should be configured (Configure hardware — Configure failsafe
outputs) so that

e the output line attached to relay X is OFF during operation;
e the output line attached to relay Y is ON during operation;
e some other state pertains when the server is not running (e.g. both relays off).

See dlso
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e Danger with critical devices

5.6 Amplicon digital /O hardware
Whisker supports I/O cards by Amplicon Liveline Ltd; http://www.amplicon.co.uk/.

This section is designed to help you to choose and install Amplicon I/O hardware for Whisker.

5.6.1 Buying Amplicon digital /O hardware

The hardware comes from Amplicon Liveline Ltd (http://www.amplicon.co.uk; (telephone 0800
525-335, technical support 01273-608-331, next-day delivery is usually available).

Prices shown here may be out of date. Last checked August 2001.

For each 72 lines, you will need one I/O card (this can be PCI or ISA) and one distribution board.
For high-voltage (>5V) devices, you will need up to three 1/0O panels, each with 24 lines. The vital
components are

e PCI1272 PCI digital 1/O board. Interfaces the computer with up to 72 input/output lines.
Part no. 960-035-23. £149 each.

e PC272E | SA digital 1/0 board. Interfaces the computer with up to 72 input/output lines.
Part no. 909-562—33. £99 each.

e 78-way cable. Connects one I/O card (PCI or I1SA) to a distribution board. Part no. 909—
663—-49. £61 each.

e EX233 distribution board. A bridge between the computer and the high-voltage (24V)
input/output panels. Can also accept 5V inputs and outputs directly. Part no. 909-663-33. £99
each.

If your inputs and outputs all use TTL voltages (5 V), that's all you need. If you want other voltage
systems, as we usually do, you may connect up to three 24-line panels to each distribution board.
Amplicon supply a 24-way output panel, a 24-way input panel and a mixed 16 input/8 output panel,
which you may install in any combination. They are:

e EX213 output panel. Provides 24 outputs of several kinds (see below). Part no. 909-663-63.
£199 each. The manufacturer's wor st-case switching speeds for these outputs are 8 ns to
close the relay (of which 1 msto turn on the logic circuit; 7 msto close the relay itself)
and 7 ms to open the relay (of which 5 msisto turn off the logic circuit and 2 nsisto
open the relay).

e EX230 input panel. Provides 24 inputs of several kinds (see below). Part no. 909-663-73.
£129 each.

e EX221 mixed panel. A combination of the above, with 16 inputs and 8 outputs. Part no. 909-
663-83. £149 each.

e 37-way ribbon cable. Connects each input/output panel to the EX233 distribution board. Part
no. 908-920-05. £20 each.

Y ou will probably also need:

e A DC power supply. The Amplicon output panels need a 24V DC power supply. (The
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distribution board and input panels can draw power from the computer, and this is
recommended.) Y ou may already have a DC power supply for your operant chambers; if this
is 24V and sufficiently powerful, it can drive the Amplicon output panels too.

e DIN rail mounting. Amplicon cards will clip onto DIN rail, which you can attach to
something convenient, like a wall. Deep top hat DIN rail (35 mm wide, 15 mm deep),
punched, from RS Components (http://rswww.com) is part no. 176-703 and costs £3.24 per
metre.

5.6.2 Installing Amplicon digital I/O hardware and drivers

Turn everything off first! Never try to add/remove an expansion card to/from a computer that is
on. If you wave 24V wires around, you may damage components by short-circuiting them
accidentally.

Please note that | may confuse +24V and +28V in this discussion - this is because the precise
voltage isn't terribly important. As long as everything's the same, you can use either. (Note for
those using Med A ssociates power supplies: Med Associates persist in referring to +28V and -28V
lines, giving the impression that there's a 56V potential in total. This is nonsense; what they refer to
as -28V, or sometimes as "28V ground’, is0V.)

Proceed through the following steps:

Configure digital 1/0 cards and install them into the computer.

Configure EX233 distributor boards.

Configure EX213 output panels.

Configure EX230 input panels.

Configure EX221 mixed panels.

Install a safety relay device.

Connect the components together; connect your devices; connect power.

Noogk~wNE

You may need...

e Wire of two colours (e.g. red for +28V, black for OV). Ensure that the wire will take enough
current; | use 3A multicored wire (multiple strands of copper rather than a single core make
the wire stronger and more flexible; 3A is easily more current that is needed and 3A copper
wire isn't too thick to manipulate easily).

e Wire cutters/strippers

e Something hard and thin (like a small screwdriver) for opening up the lever-operated terminals
to insert your wire

e A multimeter (voltmeter and continuity tester)

Schematic

This diagram shows the sort of thing you're aiming at with Amplicon digital 1/0 hardware.
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5.6.2.1

PCI272 and PC272E digital 1/O cards
Configure the cards and install them in the computer.

ISAversion (PC272E)

PC272E TR i[E] C E o "
T E— I — [ Ba3 ) GH
i H j g ==
(1% Lr[ S [
I 7 E
AMFL ICOM 5l

200 S5ERIEES
L

wRAOULEA

[Pl Hseez Fleoers ]

=
za e
SwH \
J1 IRQ
i ‘i BN BN B BN BN BN BN
"0’ 0’ BN BN BN BN BN BN BN

3 5 7 8 10 11 12 15§

800 400 200 100 80 40 20 10

Most Significant Middie Least
Digit Digit  Significant Jumper for IRQ selection
Default

Switch selection for base address

There are two things to configure on the card: the 1/0 base address (default 0x300) and IRQ
(default 5). See the electronic manual for details of how to set these (\ manual \ pc272e. pdf
on the Amplicon CD-ROM)), or the figure above.

These settings need to be chosen to avoid conflicts with other cards installed in the com-puter; if
you use more than one Amplicon board you will certainly have to change the jumper settings for at
least one board. In a plain PC system, a single-board installation will probably work without

changing anything.

We generally use two PC272E cards, and as IRQ 5 is normally used by a network card in our
computers, we use the following settings:

First card: IRQ 10, base address 0x300
Second card: IRQ 11, base address 0x320
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Y ou need to tell the Amplicon drivers what settings you have chosen.
Installing Amplicon drivers for the PC272E (ISA) card under Windows NT 4
Insert the Amplicon CD, which comes with the PC272E cards. It will auto-run.

Choose "Software drivers and manuals" from the main menu. Choose "32-hit drivers for the
PC272E card" from the matrix presented. The drivers will be installed. Note that the manuals for
the card are also available in this matrix. To read them, install Adobe Acrobat Reader from the
CD. The drivers have their own, very detailed manual (ampdio32manual.pdf).

Run Control Panel — Anmplicon DIO and configure each of your cards. The first card is called
DIO 0, the second DIO 1, etc. They will be PC272E cards, and you should set the interrupt and
base address settings to match those you physically configured the cards to. Y ou will then need to
reboot the computer.

Installing Amplicon drivers for the PC272E (ISA) card under Windows 2000

The procedure is essentially the same as for Windows NT 4, except that the CD installation is
almost entirely automated. To configure the interrupts and port addresses for each card, use Start

— Settings — Control Panel — System — Hardware — Device Manager.

Under Device Manager, there is an entry is called Amplicon Analogue/Digital IO Counter Timer
Cards; this has a submenu which lists PC272E Digital 10 Card; under Settings you'll find DIO
Port Number, which may be set from DIOO up to DI1O7.

PCl version (PCI272)
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Y ou don't need to configure anything on the PCI card. Everything is done in software (from
Control Panel).

Installing Amplicon drivers for the PCI272 (PCI) card under Windows NT 4
Installing Amplicon drivers for the PCI272 (PCI) card under Windows 2000/XP

Install the PCI1272 card and turn the computer on. Windows will detect the card as "PCI Data

Acquisition and Signal Processing Card" (or, if you've installed one of these before, as "PCI272
Digital 10 card") and tell you that it wants to install drivers. Insert the Amplicon CD that came
with the card; Windows will automatically search for and find the drivers.

To configure the card, choose Start — Prograns — Administrative Tools — Conputer
Management (or Start — Settings — Control Panel — Administrative Tools — Computer
Management). Then choose Device Manager. In the right-hand tree, you'll see an entry for
Anmplicon Analogue/Digital 10 Counter Timer Cards, under which you'll find PCI272 Digital
1O card. Right-click this and choose Properties. Under the Settings tab you can choose the DIO
Port Number, which determines the order the cards are seen by Whisker.

5.6.2.2 EX233 distributor boards
There's not a lot to configure on this board. See the diagram below.

e Ensure J1is set to VCC. (This connects a 5V power signal from the computer down all of
the 37-way cables. This will be used to power the optoisolator optical detection chips on input
boards.)
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To simplify wiring, use the "shared bus" facility of the distribution board. Eight connectors on
the EX233 board, collectively labelled SK 3, are provided for your own use. Whatever you
connect to these is connected via the ribbon cables to an equivalent block of 8 connectors on
any input/output panels that you connect to the distribution board (where they are labelled SK5
to confuse you). We need to share out +28V and OV to all the panels. So wire 0V
(GROUND) from the power supply to pins 1-4 of block SK'3 on the EX233 board, and
+28V from the power supply to pins 5-8. (Thisis an arbitrary choice, but | will assume
you've done this from now on.)

Up to three 37-way connectors
to EX230 input, EX213 output, and/or EX221
mixed panels connect here

.,
F ™
Zz Y X
s bl i . SK3 "shared bus" (pins 1-8)
T [ Tk [ [ s (maps directly to SK5 on
‘ 8 """ EX230/EX213/EX221).
“ | | et : For your use,
y i 2 b :ﬂ We suggest OV to pins 1-4;
. " 28V fo pins 5-8.
Y i’i; Jumper J1
B = # VCC: take +5V power from computer
X o | 0 i] +5V: take +5V from aux. PL5 connector
O Ny T \
2m | om s W oo -
o u Ay M et I T -
e ] LU i EE e
g il "3 ot ) I |=1 LA
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— , b . rellii PR These connectors
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_ ‘ . @’-/" 1.0A fuse
3 T8-way cable from computer
— 3 (PC272E or PCI272 card)
13; connects here

EX233 DISTRIBUTION BOARD
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5.6.2.3 EX213relay output panels
Med Associates devices are turned on by shorting their contral lines to ground (0V).

e Ensure J1-J3 are connected, as per the diagram below.

e Ensure J4-J11 are set to the RIGHT (source driver mode), as per the diagram below.

e To use relay outputs, set J12-J35 to the RIGHT.

e To supply ground to all the relay circuits, connect ground (e.g. SK5 pins 1-4) to " A
GND", "B GND" and " C GND" on the block labelled SK6.

e To provide power to operate the relays, connect +28V (e.g. SK5 pins 5-8) to"A VCC",
"B VCC" and "C VCC" on SK6.

Relays can be thought of as follows. They have a common (COM) pin. When there is no power
applied to the relay, the COM pin is connected to the normally closed (N/C) pin, but not to the
normally open (N/O) pin. When power is applied, this reverses (so N/O is connected to COM and
N/C is disconnected). All the relays act independently and have separate COM lines, one per
relay, but to simplify things for Med A ssociates devices, we want a shared ground:

e Connect all the COM pins together on the two long blocks (AO-7, BO-7 and CO-7). Then
connect these lines to aground line (e.g. pins 1-4 of SK5).

Make sure that your boxes use the same ground, too (i.e. that they run off the same power
supply). Then you can connect your device control wires to the N/O pins. This will keep your
apparatus off by default. If you want it on instead — for example, if your supplier has wired a
dipper so it's up by default and you want it down— you can wire it to the N/C pin instead.
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J4-J11 (apply to block A only)

Left =TTL mode

Right = source driver mode (needed for relay operation)

Relays
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37-way connector from EX233
attaches here

J12-J35
Left = logic outputs
Right = relay outputs

Relay connections.

Each has a N/O (top), COM (middle), and N/C
(bottom) pin. Connect N/O o devices that
should normally be off. Connect N/C to devices
that should normally be on, Connect all COM
lines together and to OV (ground) for Med
Associales devices.

EX213 OUTPUT PANEL

SK6. Power/ground to the relays.

Connect "AVCC", "B VCC", "C VCC" to +2BV
Connect "A GND", "B GND", "C GND" to 0V
(e.g. via SK5 pins 1-4 [0V], 5-8 [+28V]).

SK5 bus (matches SK3 on EX233)
Following our suggestion,
pins 1-4 are 0V, pins 5-8 are +28V.

J1-3, Connects logic ground of the computer to
the relay's ground circuits. Leave them connected
for proper operation.
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5.6.2.4 EX230 optoisolator input panels

I will give examples for Med A ssociates inputs, which, when activated, short their control lines to
ground (and share a common +28V line). Here's how we arrange things:

¢ S0 the board takes power from the computer, ensure jumpers J1-J6 are all
CONNECTED. (See diagram below.)

e Touse 24V inputs, disconnect jumpers J7-J30. Don't lose the jumpers; attach them to one
pin only.

e To use optoisolated inputs, ensure jumpers J31-54 are all set LEFT.

¢ S0 the ground connectors are all independent, disconnect jumpers J55-75. (Again, don't
lose the jumpers!)

e Sothe +28V lines are all shared, connect A0-7, BO-7 and CO-7 together on the " SK7 1/
P" block. Pieces of paperclip are great for this, or you could use a single piece of wire. Then
connect those lines to a +28V line. For example, pins 5-8 of SK5 should be attached
to +28V if you have wired up the EX233 board as | suggested— but don't connect up the
pins marked "0V" or "5V" in this block! Y ou'd be shorting OV or 5V to 28V, probably with
some sparks.

This is not as neat as we'd like— there's wire everywhere — but this is because the engineers at
Amplicon expect people to share a ground wire and have separate +28V control lines, not the
reverse. As optoisolators don't work if you plug them in backwards, we have to share the +28V
lines by hand.

Y ou will then be able to connect the data lines from the Med Associates devices to AO-7, BO-7
and CO-7 on the SK8 OV block (one line per device).

Ensure that the Med A ssociates devices use the same ground as the rest of the system.

© Cambridge University Technical Services Ltd



Whisker

J7-30.
On = low-voltage (+4-20V high) range.
Off = high-voltage (+10-50V high) range.

J31-54.
Left = optoisolated mode.
/ Right = logic level (TTL) input mode.

J55-75.

/ On = SKa ground connectors shorted together,

Off = SK8 ground connectors separate.

SK7 I/P (input high lines).

Cannect A0-7, BO-7, and CO-7 together
/ and connect these to a +28V line

{e.g. via SK5 [pins 5-8]).

i DO NOT CONNECT the pins labelled
"OV" or "5V

=i t SKa 0V (input ground lines).
wa -1 _,E Connect Med Associates input devices
my | 14 to A0-7, BO-7, and CO-7 here.
Wigg s

= E E

L 9

EX230 INPUT PANEL

(with Med Associates devices, by making a connection to ground)

Optoisalator LEDs. When on, the inputs illuminate the LEDs
and the optoisclator chip detects the light.

z§

ag e,

=8 b

20 aE J1-6. Power to optoisolator chips.
= I F / On = power from PC via EX233.

Off = external power source.

Fuse

Optional power/ground to 5V oploisolator
detection chips. DO NOT CONNECT TO
ANYTHING, especially not +28V. Let the
chips run from the +5V line supplied by the
EX233 board.

SK5 bus (matches SK3 on EX233)
Following our suggestion,

i‘ ! * pins 1-4 are 0V, pins 5-8 are +28V.

AMPLICON

|

37-way connector from EX233
attaches here

Here's an annotated circuit diagram of a single input:
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J7-30. +5V
On = low-voltage (+4-20V high) range.
Off = high-voltage (+10-50V high) range. -
Grow
. ry 470

SK7 I/P (input high lines).
Connected to +28 V. # K2

/P Vbt Free To EX233 and

Amplicon die card
Opto isolated
AVAY

ovo v || 1K5 ||
SK8 0V (input ground lines).
Connect devices here. o) AGND

J31-54.
Left (DOWN on this diagram) = optoisolated mode.
Right (UP on this diagram) = logic level {TTL) input mode.

To Ov on next channal

J55-75.
On = SK8 ground connectors shorted together.
Off = SK8 ground connectors separate.
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5.6.2.5 EX221 mixed input/output panels
The first 8 lines (block A) are outputs, and the last 16 (blocks B and C) are inputs.

OUTPUTS (BLOCK A)

J6-J13
Left = source driver mode (needed for relay operation)
Right = TTL mode

Relays

lluminate the LEDs (with Mad Associates
devices, by making a connection to ground)

Optoisolator LEDs. When on, the inputs

11

LEIREES

Fuse

AR E

b4
&
8
T
g8
3
=
<
=

®
-
- v
-3
-
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-
"
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e
ooooo
e e

1113
I- ]

£
HODESLES

ETXZER

2 v

-

Lom e

)

B i e iR P e e e

\\

37-way connector from EX233
attaches here

J30-J37
Left = logic outputs
Right = relay outputs

EX221 MIXED INPUT/OUTPUT PANEL

Relay connections.

Each has a N/O (top), COM (middle), and N/C
(bottom) pin. Connect N/O to devices that
should normally be off. Connect N/C to devices
that should normally be on. Connect all COM
lines together and to OV (ground) for Med
Assoclates devices.

Jia-29.
On = low-voltage (+4-20V high) range.
Off = high-voltage (+10-50V high) range.

J43-58.
Left = optoisolated mode,
Right = logic level (TTL) input mode.

J59-72,
On = SK& ground connectors shorted together.
Off = SK8 ground connectors separate.

SK7 I/P (input high lines).
Caonnect AQ-7, BO-7, and CO-7 together
and connect these fo a +28V line

(e.g. via SK5 [pins 5-8]).

DO NOT CONNECT the pins labelled
"0V or "5V

SK9 0V (input ground lines).
Connect Med Associates input devices
to AD-7, BO-7, and COQ-7 here,

SK6. Connect +24V power to A VCC to power
the relays, and 0V to A GND. DO NOT CONNECT
ANYTHING TO THE OTHER CONNECTIONS

(B VCC, B GND, C VCC, C GND) as these are
connected directly to the 5V optoisolator chips.

SK5 bus (matches SK3 on EX233)
Following our suggestion,
pins 1-4 are OV, pins 5-8 are +28V.

J1. Connects computer logic ground to relay ground circuits. Leave connected for proper operation.
J2-5. Power to optoisolator chips.
On = power from PC via EX233.
Off = external power source.
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5.6.2.6 Connecting everything up

5.6.3

Connect each of the input/output panels to the EX233 distribution board with the
34-way cables

The three columns on the EX233 board are labelled X, Y and Z; you may find it useful to label the
cables going to the input/output panels accordingly. It helps when wiring things up later.

Connect your apparatus

Plan your wiring diagram before starting (see Amplicon wiring diagram). To remind you:

e Connect Med Associates inputs to A0-7, BO-7 and CO-7 on the SK8 OV block of the EX230
input panel.
¢ Connect each output control wires to either the N/O or the N/C pin of one of the relays on the
EX213 output panel.
¢ Ensure that output ground wires are (eventually) connected to the COM pin of the same relay.
Plug the computer into the uninterruptible power supply (UPS)
Make sure the system looks OK
It should look something like the schematic shown earlier.

Ensure you do not place subjects in the operant chambers until...

... you have installed the system, tested the hardware and read the discussion of life-threatening
devices and safety systems.

Amplicon digital I/O board wiring map

If you have an Amplicon-based system, the first 144 lines as seen by Whisker correspond with the
physical Amplicon maps as follows (note that this information is also available on the Line Status

view):

Wring panel

| Li ne on panel

| | Software line# (first DI O board) (board 0)

| | | Software |ine# (second DI O board) (board 1)
I

I I I
X 72
73
74
75
76
77
78
79

~No o~ WNPRFE O

8

80
B1 9 81
B2 10 82
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ZEHEREBEE QRRRBARE8 ITRRTBEB/REBE XZHZEXREKERE QA838RACALR8 JFARA

SREE[RE

X

11
12
13
14
15

16
17
18
19
20
21
22
23

24
25
26
27
28
29
30
31

32
33
34
35
36
37
38
39

40
41
42
43
44
45
46
47

48
49
50
51
52
53
54
55

56
57
58
59
60
61
62
63

83
84
85
86
87

88
89
90
91
92
93
94
95

96
97
98
99
100
101
102
103

104
105
106
107
108
109
110
111

112
113
114
115
116
117
118
119

120
121
122
123
124
125
126
127

128
129
130
131
132
133
134
135
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(0] 64 136
C1 65 137
c2 66 138
a3 67 139
o2 68 140
(63 69 141
C6 70 142
(074 71 143

5.6.4 University of Cambridge: Hubert's boxes (25-way connector style)

Hubert Jackson has created boxes for the University of Cambridge that enclose all the Amplicon
hardware. They have the following connections:

e +28V DCiin
e OV DCin
e 78-way cable from Amplicon card in the computer
e LED to indicate when power is being delivered to the front panel
¢ 4mm connectors on the front panel. These are:
¢ one black: ground (0 V) to devices
e one red: switched power (+28 V)
¢ white connectors: inputs (from devices to computer) - shorted to ground by the device to
signal that it's on
¢ blue connectors: outputs (from computer to device) - shorted to ground to switch on a
device

Lines 66 and 67 (or 138 and 139 if it's the second box attached to the computer) are failsafes.
The server should be configured to turn 66 (or 138) on during operation and 67 (or 139) off.

Input (EX230) board wiring

Hubert actually wired up the boards by removing the J31-54 jumpers and connecting a +28V rail to
the left-hand pin of J31-54. See the circuit diagram. That effectively gives this:

+5V

-
HI/LOW
o o] 470
J47
/P o Volt Free # K2 To EX233 and
. Amplicon die card
+28 V rail o Opto isolated
AVAY
Ov
Device - 1K5
o AGND
J69
o

To Ovon next channel

It certainly seems to work much of the time. Y et we do seem to have a high failure rate on the
input boards. I'm a little concerned that this circuit bypasses the high-voltage protection resistor. |
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would have used a +28V rail to the left-hand side of J7-30, and had J31-54 connected left (as
usual) and J55-75 open (as always), like this:
+5V
+28 V rail \
to LEFT-hand pin of J7-30
lHI!LOW
. o 470
P Volt Free » 2K2 To EX233 and
Amplicon die card
Opto isolated
AVAN
Qv
Device O . I_Illel
(o] AGND
J69
o
To Ov on next channal
5.6.5 Technical note - Amplicon power-on behaviour

When the computer is turned on, al devices connected to an Amplicon PC272E are turned on. This can be dangerous.
Why does this problem occur?

When the Amplicon PC272E cards power up, they reset their 82C55 controller chips. When the 82C55 chip resets, it
places dl its lines into input (high-impedance) mode. When alineis set to input mode, aset of pull-up resistors on the
PC272E card bring the voltage high, and if an output deviceis connected to this line, it will be turned on. These resistors
are not configurable (unless you fed like resoldering the board), and the net result is that the outputs stay on until the
software reconfigures the lines for output. Sources: Peter Adams (Amplicon Technical Support, tel. 01273-601331) and
the Appendices for the 71055 and 8255 controller chips on the Amplicon CD-ROM.

These are not vdid solutions:

e Swappingall outputs from the"normaly open” to the "normally closed” relay pins. In this situation, short power
cuts (which reset the computer) are safe, but now long power cuts (which may leave certain computer
motherboards switched off) are dangerous: the box power supply comes on but the computer stay's off.

What are the possible solutions?

Usedifferent digita /O cards. [Impractica for us.]

Rewirethe existing cards. [Difficult.]

Use amotherboard that guarantees never to power on unsupervised. [Very hard to guarantee]

Plugthe computer and/or DC power supply into atrip switch, so amains power cut cuts power to everything
until reset by ahuman. [Possible with an "industria sdf-testingplug', £48 each from RS, but not the best
solution.]

o Wirethe DC power supply for the critica devices through afail-safe mechanism. Probably the best is to wireit
through two relay s such that onerelay must be ON and the other must be OFF in order for power to reach the
devices. Thisis extremey unlikely to happen by chance (al the problems described so far switch al therelays on
or off together). The server software provides support for assigning somerelay outputsto this function. The only
criterion that must be fulfilled is that the relay s can take the current: the rdlay s on the EX 213 board can switch AC
to 60VA and DCto 28W (i.e. 1A at 28V). [Thisis avery good solution, and can be combined with an UPS]
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5.6.6

Further to this: therdlays on the EX213 board will take 8A, but the tracks on the circuit board will probably
handle only 1A (Russell Engdlish, Amplicon tech. support, pers. comm. 1 Dec 2000). This is enough for individua
devices, but not for the entire power supply for asystem. The TTL outputs on the EX233 distribution board will
provide about 2.5 mW; the high-voltage (24V) logic outputs on the EX213 board will provide 100 mW; the TTL-
capable outputs on the EX213 board will probably provide 100 mwW too (though nobody seems absolutely
convinced of this). Asatypica 10A relay takes about 250 mW to driveits coil (so approx. 10 mA at 24 V; coil
resistance approx. 2.4 kW), we opted for ahigh-power relay that isitsef switched by arelay on the EX213 board.

o Install an UPSfor the computer. This eradicates the problem and gives dataprotection. If you'rewillingto spend
money on avery powerful UPS you could also guarantee DC power to the operant chambers, so your tasks
would not even beinterrupted by apower cut. [Thisis agood solution and can be combined with thefail-safe relay
device]

See also

e Danger with critical devices
e Fal-saferelay system

Technical note - input and output modes for Amplicon panels

Input specifications

Inputs operatein "low voltage' mode (-5V to +1.5V low, +4V to +12V high) or "high voltage’ mode (-15V to +2V low,
+10V to +30V high), with or without optoisolation, chosen for each input individudly. Optoisolation is recommended,
and the voltages quoted are for the optoisolated mode.

The Amplicon EX230 input card

K5isa'user connector block with 6 connections on it. It is connected viathe 37-way ribbon cables to the equivaent
block on the EX233 card. Thisis handy for providing external power and datalines that are shared between al cards.
SK6 provides power and ground to the board itself (and is usudly not needed as the 37-way connector provides power;
see notes for J1-J6 below). K7 isthe I/P (input) connector block. Beware: there's astray OV connector in the middle,
and a5V connector a oneend. K8 is the OV (ground) connector block. J1-J6 connect power and ground lines from the
37-way D connector to the VCC/GND connectors that provide power for the board itsdlf. J7-J30 select high or low
voltage ranges for each of the 24 inputs. J31-J54 select optoisolated or logic mode for each of the inputs. J55-J75 short
the ground lines together. They arein three blocks of 7, which connect the ground lines of the three blocks of 8
connectors together.

The optoisolators do not work if you reverse +28V and 0V.
Input voltage ranges

In the 'high-voltage range, 10-30V is considered ‘on’ or *high’, and anythingless is considered ‘off' or 'low’. If you want to
use 5V inputs instead (where therange 4-12V is considered 'high’), connect the jumpers.

Med Associates inputs
Activatingadevice shorts its datalead to ground.

So the Amplicon board needs to be set to high-voltage, optoisolated mode. Then dl the +28V lines need to be connected
to +28V (it's easy to do this by inserting paperclipsinto the SK7 I/P connectors!); then the ground (SK7, OV)
connectors need to be disconnected from each other by removing J55-75; the dataleads can then be wired to the ground
connections (SK7). Thus when the device shorts its datalead to ground, the circuit is completed and the optoisolator
LED illuminates.
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5.7

5.7.1

| can't think of an dternative, but it may beworth asking Amplicon if they can redesign the card so shortingthe I/P lines
together is possible.

Output specifications

Theoutput lines can operatein severa modes. (1) "TTL" mode provides TTL voltages (gpprox. OV low, +5V high) for
low-power devices, such as transistors. If you need to switch high-power devices eectronicaly, you can usetheselines
to drivethetransistor; thisis wha happens in the Cenes output pands. (2) "Source driver" mode does something
slightly mysterious and will be ignored. (3) "High level logc output” mode provides +0.7V (off) or +23V (on) and will
drive devices up to 100 mA directly. (4) "Isolated relay contact output” mode switches arelay on the circuit board.
When the output is switched on, therelay contact is closed. (Thereis asecond relay contact that behaves oppositely.)
This can obviously switch high-power devices that usetheir own power supply, and is the easy way to switch devices
that need more than 100 mA.

Outputs on the EX213 paned

Thedternativeto relaysis logic output. For blocks B and C, this is dway's high-voltage (0 off, 24V on). For block A
only, you can choose high-voltage or TTL voltage (0 off, 5V on) using SK2. Thetext assumes you areusingrelays.

Amplicon analogue I/O hardware
This sectionis in development. It covers
¢ Buying Amplicon analogue hardware

e PCI 224 analogue output card
e PCI 230 analogue input/output card

Buying Amplicon analogue hardware

Amplicon Liveline Ltd (http://www.amplicon.co.uk (telephone 0800-525-335, technical support
01273-608-331, next-day delivery is usually available). Prices shown here may be out of date.
Last checked November 2002.

PCI 230 analogue I/O card

This card has 16 analogue input lines (which can be paired to give 8 differential inputs); it will
take input signals in the range £10V . It can sample inputs at up to 312 kHz (across all channels, i.e.
one channel at 312 kHz, two channels at 156 kHz, etc.) using a FIFO. It has two analogue
outputs but these do not have FIFO buffers, so outputs must be driven directly by the software.
The output resolution is 12-bit, in the range 0-10V or £10V; therefore, the best output resolution is
2.4 mV. The outputs are therefore unsuitable for electrochemistry, which needs 1 mvV
output resolution (O'Neill 1994). The board also has 24 digital 1/0 lines, and three timers/
counters, but the timers/counters are not made available for users by Whisker.

e Amplicon PCI 230 board, product 909-893-83. £450.

e 50-way breakout board, product 909-651-32, £59.

e 50-way cable to connect card to breakout board, product 909-663-59, £56.
¢ Disposable anti-static wrist band, product 700-145-12, free.

PCI 260 analogue 1/O card
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This is similar to the PCI 230, but it does not have the analogue output channels or the digital 1/0
channels.

PCI 224 low-precision high-speed analogue output card

This card has 16 analogue output lines, each with 12-bit resolution (giving 4096 levels of output
voltage). Its range can be set to +10V, 5V, £2.5V, £1.25V (bipolar), or 0-10V, 0-5V, 0-2.5V, 0-
1.25V (unipolar). Therefore its best resolution (using the 0-1.25V range) is 0.3 mV. This makes it
suitable for electrochemistry control. Its worst resolution (using the +10V range) is 4.9 mV. It has
no input channels.

o Amplicon PCI-224, product 909-893-93, £699

e 37-way cable, product 909-561-09, £46.

e 37-way breakout board, product 908-919-50, £35.

¢ Disposable anti-static wrist band, product 700-145-12, free.

PCI 234 high-precision high-speed analogue output card

This has four output channels with 16-bit resolution (65535 levels). The available output ranges
are £10V and x5V (bipolar) only. The best resolution (at £5V) is 0.15 mV; the worst (at £10V) is
0.3mV. It has no input channels. (It is also rather more jumper-dependent and less software-
configurable than the PCI-224.)

e PCI-234 is product 909-894-03, £749.
You may also need:

e DIN rail mounting. Amplicon cards will clip onto DIN rail, which you can attach to
something convenient, like a wall. Deep top hat DIN rail (35 mm wide, 15 mm deep), punched,
from RS Components (http://rswww.com) is part no. 176-703 and costs £3.24 per metre.

¢ Oscilloscope with signal generator. Not vital, but helpful for development purposes! For
example, GW Instek GOS-620FG 20MHz analogue oscilloscope with IMHz function (signal)
generator; comes with probes, etc.; www.goodwill.com.tw/english and www.maplin.co.uk,
£349.99 (Maplin code NZ96E).

5.7.2 PCI224 analogue output card

Thisis acard that is sensitive to electrostatic discharge.
You must, as aminimum, wear an earthed wrist strap when handling the board outside its
protective bag.

About the PCI224 card

This card has 16 analogue output lines, each with 12-bit resolution (giving 4096 levels of output
voltage). Its range can be set to +10V, 5V, £2.5V, £1.25V (bipolar), or 0-10V, 0-5V, 0-2.5V, 0-
1.25V (unipolar). Therefore its best resolution (using the 0-1.25V range) is 0.3 mV. Its worst
resolution (using the £10V range) is 4.9 mV. It has no input channels.

Installing the PCI224 card

Ensure the compuiter is off. Install the card into the computer.
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Installing the PCI224 under Windows 2000
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Turn the computer on; it will detect the card. Insert the Amplicon driver CD when Windows asks
to search for a suitable driver (and ensure that the CD-ROM is ticked for it to search). Windows
will assign an IRQ (interrupt request) number to the card automatically. To check this, choose
Start — Control Panel - System — Hardware — Device Manager. Ensure View devices by
type is ticked. Under Anplicon Analogue/Digital 10 Counter Timer Cards, you should find the
PCl224 card. Click Properties. Check that it has been assigned an IRQ and a DIO number and

there are no resource conflicts.

Connecting the PCI224 to devices

Connections for the PCI224 and the optional screw terminal assembly are shown below.

Pin

EXTCLK 1
EXTTRIG 2 20 | OUT2
EXTREF 3 21 | DGND
DACO 4 22 | AGND
DAC1 5 23 | AGND
DAC2 6 24 | AGND
DAC3 7 25 | AGND
DAC4 8 26 | AGND
DAC5 9 27 | AGND
DAC6 10 | 28 | AGND
DAC7 11 | 29 | AGND
DACS8 12 | 30 | AGND
DAC9 13 | 31 | AGND
DACI10 14 32 | AGND
DACI11 15 33 | AGND
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5.7.3

DAC12 16 | 34 | AGND
DAC13 17 | 35 | AGND
DAC14 18 | 36 | AGND
DAC15 19 | 37 | AGND

(EXTTRIG - external trigger input for DACs; DACO-15 - digital to analogue converter outputs;
EXTCLK - external clock input; OUT2 - timer 2 output; DGND - digital ground; AGND -
analogue ground.) The analogue outputs and ground are paired (e.g. DACO is paired with pin 22
AGND, DAC1 with pin 23 AGND, etc.).

2021 |22 | 23124 |25 | 26 |27 |28 |20 |20 [31 [ 2 |30 |34 |35 |36 |7 [ M|

1 123 4 |56 |7 |8 [9 10 f1|i2)i3|14]15)16]17 0]

On the screw terminal assembly, terminal M is connected to the shell of the D-type connector
(which, on the PCI224 itself, is connected to the computer's chassis ground). Terminal C (which
may be present to the left of terminal 20 - not shown above) is not connected.

e Use separate ground wires for analogue output, digital 1/0, and power lines. Use heavy-gauge
wire for the ground connection. Try to have the ground point close to the PCI224 terminal
block to minimize ground impedance. If output lines are long, shield them.

¢ All devices connected to the analogue outputs must have a minimum load impedance
of at least 2 kQ2.

e The output impedance of the PCI224 is 50 Q2 and this should be matched on the user's
equipment.

PCI 230 analogue I/O card

Thisis acard that is sensitive to electrostatic discharge.
You must, as aminimum, wear an earthed wrist strap when handling the board outside its
protective bag.

Additionally, analogue input voltages must never exceed £15V when the system is
powered on, or £2V when it is off.
You must therefore connect unused inputs to ground before installation (see below).

About the PCI230 card

This card has 16 analogue input lines (which can be paired to give 8 differential inputs); it will take
input signals in the range £10V . It can sample inputs at up to 312 kHz (across all channels, i.e. one
channel at 312 kHz, two channels at 156 kHz, etc.) using a FIFO. It has two analogue outputs but
these do not have FIFO buffers, so outputs must be driven directly by the software. The output
resolution is 12-bit, in the range 0-10V or +10V; therefore, the best output resolution is 2.4 mV.
The board also has 24 digital 1/O lines, and three timers/counters, but the timers/counters are not
made available for users by Whisker.
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Installing the PCI230 card

Read the notes above and below. Ensure the computer is off. Install the card into the computer.
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Installing the PCI230 under Windows 2000

Turn the computer on; it will detect the card. Insert the Amplicon driver CD when Windows asks
to search for a suitable driver (and ensure that the CD-ROM s ticked for it to search). Windows
will assign an IRQ (interrupt request) number to the card automatically. To check this, choose
Start — Control Panel - System — Hardware — Device Manager. Ensure View devices by
type is ticked. Under Anplicon Analogue/Digital 10 Counter Timer Cards, you should find the
PCI230 card. Click Properties. Check that it has been assigned an IRQ and a DIO number and
there are no resource corflicts.

Connecting the PCI230 to devices

Connections for the PCI230 (viewed from the rear, i.e. looking at the socket) and the optional
screw terminal assembly are shown below. "Channel" refers to analogue input channels; "Port"
refers to digital 1/0 ports.
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DAC1 Output —————@ 1 - @—————— DAC2 Output
5 @—————— DIG.GND
+12 Volts Out —————@ 1g > @—————— EXTCLK input
3 O————1—— Channel8
-12 Volts Out ———1+—0 2y 35.—— Channel 10
4 @——1—— Channel0
Channel 8 ————1—@ 24 3?.—— Channel 11
5§ O————— Timer 2 Output
Channel 7 ———1—0 32 B Channel 12
§ O————+F——— Channel6
Channel 5 ————1—0 33 e Channel 13
7 O——+t——— Channel 4
Channel 3 ——0 24 40.—— Channel 14
g O————F—— Channel2
Channel 1 ——————®@ 5 ' @——————— Channel 15
g @———1—— External Trig
PortB7 —————@ 25 *°@——}——— ANALOG GROUND
19 @———F—— PortB6
PortBs ————@ 27 @ ————— Port B0
11 @——T—— PortB3
PotB4 ———@ 25 44 @————— PortB1
12 Q—————— PortA7
Port A§ —————@ 29 *°@———— PortB2
13 @——T—— PortAS
Port Ad —————@ 3y **@—f——— Portca
14 @——7TF——— Port Al
PortA2 —————0 31 7 @————— Portc2
15 Q71— Port A1
Port A0 Q a2 “o Port C1
1§ O—————— PortC7
Port 06— 33 > @—————— Port CO
17 @———————— PoriCs
+5 Violts Ot ————0 20 @————— Portca
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39] 40| 414243 (44 | 45

aeea&eaaa

e L e i e D

On the screw terminal assembly, terminal M is connected to the shell of the D-type connector
(which, on the PCI 230 itself, is connected to the computer's chassis ground). Terminal C is not
connected.

e Analogue input voltages must never exceed £15 V when the system is powered on,
or £2 V when it is off. Therefore, you should connect any unused (floating) input
channels to the analogue signal ground. You should also avoid having a signal
present on an input when the computer is being switched on or off. Specifically, this
means that apart from any pins corresponding to channels you are using, you should connect
pins4, 5, 6,7,8, 19, 20, 22, 23, 24, 36, 37, 38, 39, 40, and 41 (channels 0-15, not in order) to pin
42 (analogue ground).

e Use separate ground wires for analogue input, analogue output, digital 1/0, and power. Use a
heavy-gauge wire for the ground connector. Try to keep the ground point close to the PCI224
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terminal block to minimize ground impedance. If your input lines are long, shield them.
¢ Devices connected to the analogue inputs must have a source impedance of less than 250 Q.
e Analogue inputs must not exceed the voltage for the selected input range.

Advantech I/O hardware

Physical installation information for Advantech card installation is not provided here.

See Configure hardware / Advantech / BNC controller for how to configure Whisker for
Advantech/BNC devices.

See also
e Wwww.advantech.com

ICS Advent I/O hardware
This section explains how to install ICS Advent digital I/O cards.

The specific card that is supported (the ICS Advent PCDIO24B-P | SA card) is an example of a
card containing a simple Intel 82C55A 1/0 contraller chip. Therefore, this section applies to any
82C55A controller card without its own drivers.

This hardware is supported as it was/is used by the original M onkey CANTAB system
(supplied by Cambridge Cognition Ltd). The original Monkey CANTAB was a DOS-based
program that expects a single 82C55A chip at 1/0 address 0x300.

THISHARDWARE ISDEPRECATED. The driver is poor, because it is unsafe; it fails to
guarantee protection for other devices installed in the computer. Whisker cannot provide that
protection retrospectively.

See dlso:

e Configuring ICS hardware within Whisker

o Www.icsadvent.com (manufacturer's web site) - the company looks like it's now known as
Kontron, and is also accessible as www.kontron.com

ICS Advent PCDIO24B-P card
Installing the ICS Advent PCDIO24B-P card

The specific legacy device we support is the PCDIO24B-P card from | CS Advent; thisis an
ISA card with 24 1/0 lines, one 82C55A controller chip, and a 50-pin header port on the back. The
label on the chip says PCDIO24C. It looks like this:
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e Jumpers JP1 and JP2 set the interrupt level (options on JP1: N/A, IRQ14, IRQ15,
IRQ12, IRQ11, IRQ10; options on JP2: IRQY/2, IRQ3, IRQ4, IRQ5, IRQ6, IRQ7) (defaullt;
IRQS5, i.e. with nothing set on JP1). Set this to N/A to disable interrupts ("N/A" selected
on JP1; nothing selected on JP2).

o Jumper JP3 sets external interrupt triggering. It has 5 jumpers (1-5), which can each be
set to A (up) or B (down). (Default is 1 open, 2 open, 3B, 4 B, 5B.) Remove all
connectors to disable external interrupts. Whisker will poll the card in software instead.

e Jumper JP4 sets the operation mode for port C. It is an 8-way jumper labelled "Channel
0"; each jumper can be set to A (top) or B (bottom) (default: B). To use mode O, leave it on B
- that's what we want (see below). For modes 1 and 2, you'd set thisto A.

e Switch block Sl sets the I/0 base address. It has 8 switches labelled "A9" to "A2"; the
"on" direction is marked on the board (on is away from the 50-way connector, i.e. to the left in
the diagram above). Bizarrely, when the switch is ON, that sets a O in the binary address
number, and when the switch is OFF you get a 1. An example is shown in the following table,
in which the address 0x300 is set. Set this to an 1/O address that's available in your
computer (see below).

ISA addressline | A11 | A10| A9 | A8 [ A7[ A6 | A5| A4 | A3 | A2 [A1]AD
Binary olo]1[1]o0o]o]JoJo[o]o]o]oO
Hex 3 0 0

Switch setting | | OFF| OFF | ON | ON [ON | ON | ON | ON |ON |ON

Note that this switch block allows you to set addresses from 0x000 to Ox3FF. As the drivers
supplied with this card are very dangerous (they don't detect whether the address is used, or in
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conflict with ancther device), I've [RNC] restricted Whisker to talking to a smaller set of
addresses that aren't usually used for anything else. The PCDI1024B-P has a 4-byte address space
(i.e. if you set a base address of 0x300, the card uses addresses 0x300 to 0x303 inclusive). So I'll
allow the following:

(Very dangerous things typically below 0x200.)
VALID: 0x200-0x203 ... 0x270-0x273
(ISA PNP typically at 0x274-0x279; LPT2 at 0x278-0x27F; etc..)

VALID: 0x280-0x283 ... Ox2E4-0x2E7
(COM4 typically at 0x2E8-0x2EF; COM2 typically at Ox2F8-0x2FF.)
VALID: 0x300-0x303 ... 0x370-0x373
(Secondary IDE channel typically at 0x376; LPT1 typically at 0x378; all sorts of trouble
from0x380 up.)

Find out what address space is free. In a Windows 2000 system, use Start — Settings —
Control Panel — Administrative Tools — Cormputer Management. Then in the tree on the left-
hand side, choose Conputer Management (Local) — System Tools — System Information —
Hardware Resources — 1/O. This shows you a list of 1/0 addresses in use (click on Address
Range to sort by I/O address). Ensure that whatever address you choose for your new card
doesn't conflict with an address range already in use.

Installing ICS Advent drivers for Windows NT/2000

From the installation disk, run ICSPPNT\SETUP.EXE and follow the instructions.

Technical notes on ICS Advent 82C55A cards

Datasheet is 1143.pdf or PCDIOxB-P_1143.pdf. M anud is 00431231.pdf or "PCDIOB Series 00431231 rev2C.pdf".

Drivers are very simple (but potentidly dangerous); you peek and poke theregisters of the 8255 controller chips. For a
24-line card (the only kind were using), the following register assignments apply . Base address + 0 = Port A (read/
write); base address + 1 = Port B (read/write); base address + 2 = Port C (read/write); base address + 3 = control register
(readiwrite). For cards with >24 lines, new 8255s are addressed from (base address + 4) onwards.

In aDOS sy stem, the manual suggests checking IO address availability by running DEBUG.EXE and typing (for
example) | 300, which should return "FF" (OXFF) if the address if free; in our example, you'd need to check addresses
300-303 in turn and ensurethey're al free.

To control this card, we need to refer to the 82C55A data shest...

e Thecontrol register has the following bits.

Bit Meaning
D7 (M SB) mode set flag (1 = active)
D6 and D5 Group A - mode selection (00 = mode 0; 01 = mode 1; 1X = mode 2)

D4 Group A - Port A (1 =input, 0 = output)

D3 Group A - Port C, upper haf (1 = input, 0 = output)
D2 Group B - mode selection (0 = mode O, 1 = mode 1)
D1 Group B - Port B (1 = input, 0 = output)
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’DO (LSB) |Group B - Port C, lower half (1 =input, 0 = output)

o Weawayswant mode O (basic input/output), not mode 1 (strobed input/output) or mode 2 (strobed, bidirectiona
bus input/output).

From the information on the "Peek and Poke driver" from ICS Advent:
(extract from " PCDIOB Series_0431231 rev2C.pdf")

The Peek and Poke driver for Windows 95/NT alows developers to write Win32 programs that access hardware 1/0
ports and physical memory on ICS Advent products. This driver simplifies the testing of hardware components
because they can be accessed without using aspecific driver for each product.

Caution. The Peek and Poke driver gives gpplication-leve access to areas of the hardware and memory that can crash
the operating sy stem or corrupt data. Take careto access only known memory or 1/O ports.

Under Windows NT, pplibnt.lib and pplibnt.dil arethedrivers (pplibnt.lib for C++ static linking; pplibnt.h is the
header).

Note: To make surethat libraries are thread safe, you must usetheics_pp_open() call in your initia threed, before
cregting any other threads. Then make surethat al other threads are terminated before cdlingics pp_close().

BOOL ics_pp_open(void)
Opens the Peek and Poke driver. Returns TRUE if successful. This must be caled before any cdls are made to other
library functions.

void ics_pp_close(void)
Closes thedriver. Should be called before the gpplication exits.

void *ics_pp_make_pointer(int page, int |ength)

This function alows access to aparticular regon of physical memory by aWin32 application. pageis the starting
page of the physicad memory; length is the size of theregon in pages. For example, for apointer to aregon of
physica memory startingat OXA000 and 64k long, usevoi d *ptr = ics_pp+make_poi nt er (0xA), 0x10) ;
[note misprint there; need to be v. careful when testing this!] The pointer can then betrested as astandard C/
C++ pointer (see below). Note: Be sureto release this memory region back to the sy stem as follows:

i cs_pp_rel ease_pointer.

[Another version of that excerpt:] For example, for apointer to aregion of physica memory startinga 0xA 0000
and 64k long: void *ptr = ics_pp_make pointer (0xA0, 0x10);

void ics_pp_release_pointer(void *address, int |ength)

This function releases amemory mapping made withics_pp_make _pointer. You must release such pointers back to
the sy stem. Failure to do so could affect theway the sy stem runs even after the application has exited. address is the
address returned by theics_pp_make pointer function; length is the size of the mapped region in pages.

int ics_pp_outp(USHORT port, int data)

USHORT i cs_pp_out pw( USHORT port, USHORT dat a)

ULONG i cs_pp_out pl (USHORT port, ULONG dat a)

Thesefunctions output data to the given port. Useics_pp_outp for bytewidth, ics pp_outpw for word width, and
ics_pp_outpl for double word width.

int ics_pp_inp (USHORT port)

USHORT i cs_pp_i npw ( USHORT port)

ULONG i cs_pp_inpl (USHORT port)

These functions return data input from the given port. Useics_pp_inp for bytewidth, ics_pp_inpw for word width,
andics_pp_inpl for double word width.
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5.10 National Instruments / Lafayette ABET hardware

For details of physical installation and configuration of National Instruments 1/0O cards and
Lafayette/Campden Instruments ABET hardware, see Configure hardware / National
Instruments / Lafayette ABET hardware.

5.11 Serial port (COM) devices

For details of serial port device configuration, see Configure hardware / Serial port (COM)
devices.

5.12 Lafayette CANTAB USB device

For details of Lafayette CANTAB USB device configuration, see Configure hardware /
Lafayette CANTAB USB hardware.

5.13 Berlin network controller

For details of Berlin network controller configuration, see Configure hardware / Berlin network
[/O controller.

5.14 Sound card installation

Whisker will detect all sound cards that Windows is aware of. For details of sound card
configuration, see Configure hardware — Audio devices.

5.15 Multimonitor installation

Video card installation is not covered by this guide. For details of configuring multiple monitors for
use with Whisker, see the menu Configure hardware — Display devices.

The specific point to note is that within Control Panel — Display — Settings, every monitor you
wish to use with Whisker must have 'Extend my Windows desktop onto this monitor' ticked. (This
is not ideal, but is a consequence of what appears to be a DirectDraw bug.)
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Display Properties 2|
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In:uul:uleshu:u:ut...l Adyanced... |
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5.16 Touchscreen installation

Whisker supports touchscreens via the Universal Pointing Device Driver (UPDD) from
TouchBase (http://www.touch-base.com). It does not support the use of touchscreens with the
drivers from touchscreen manufacturers.

Therefore, the installation sequences is.

1

Tip

Set any hardware switches on the touchscreen and plug it into your computer.
¢ Intasolve Interact 400 touchscreens

If your touchscreen is plugged into a serial port, ensure that the port has the correct settings.
For example, here's how to configure ports for XON/OFF handshaking.

Configure, enable and calibrate the touchscreen viathe UPDD configuration utility
e Configuring the UPDD driver (version 2)
e Configuring the UPDD driver (version 3)

. ENote that the touchscreen nmust be enabled and controlled via UPDD before you
configure Whisker.

Do not install drivers that come with the touchscreen - let UPDD control it for
you. The touchscreen drivers will usually turn your touchscreen into a mouse as
far as Windows (and therefore Whisker) is concerned.
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At this stage, you should see all of the touchscreens fromthe UPDD control
panel.

4. Once UPDD communicates successfully with the touchscreen, Whisker will detect it. To

check this, choose Configure hardware — Touchscreens. All touchscreens that UPDD
has detected should be listed; if not, check the server event log for errors. Assign
touchscreens to display devices.

5. Test display devices: Display — Show test pattern on all displays. Now touch the
touchscreens!

5.16.1 Intasolve Interact 400
This is a serial touchscreen; it is supported by UPDD. Notes as of 16 April 2001.

How do | configure the touchscreen itself?
1. Turnit off.
2. Openit up.
3. Find the block of 8 DIP switches in one corner. Set them as follows:
o If you are using UPDD v3:
e |f you have a modern touchscreen, all off except 3.
e |f you have an older touchscreen with custom Cenes firmware, all off except 3, 5.
e |f you are using UPDD v2, all off except 3, 6.

Troubleshooting

See Troubleshooting.
In particular, if Sync errors appear on the UPDD status screen (see UPDD v2 or UPDD v3),

try different combinations of switches 5 and 6.

What do the DI P switches in the touchscreen do?
e The touchscreen has 8 DIP switches, as follows

Switch |Effect
SW1-1 |ON origin right, OFF origin left
SW1-2 |ON origin bottom, OFF origin top

For UPDD v2, both should be OFF. With UPDD v3, neither SW1 or SW2 are
relevant; its calibration procedures determines where the effective origin is.

SW1-3 |ON for XON/OFF (software) handshaking. --- We want XON/OFF handshaking (see
below).
OFF for CTS (hardware) handshaking.

SW1-4 |OFF for size report on power-up or reset.

SW1-5 |Set as a pair (SW5-SW6):

SW1-6 | e OFF-OFF for superlabel mode (point, stylus status off, cr/If after report on).

e OFF-ON for touchbase driver mode (continuous mode, stylus status off, CR/LF after
report on).
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o ON-OFF for Intasolve windows driver mode (stream mode, stylus status character
on, cr/If after report off).

e ON-ON for touch-off mode (operating mode none; stylus status off, CR/LF after
report off).

Modern Interact 415 touchscreens need these both OFF to operate with UPDD v3.
Older versions (particularly those with special versions of the firmware supplied to
Cenes/ Canbridge Cognition Ltd offering backward compatibility with pre-1990
touchscreens) probably need 5 ON and 6 OFF to work with UPDD va3.

For UPDD v2, we're not quite sure; we and Touch-Base suspect 5 OFF, 6 ON.

SW1-7 |Set as a pair (SW7-SW8):

SW1-8 | e OFF-OFF: 9600 bps --- 9600 bps is normally the correct setting.
o OFF-ON: 19200 bps

e ON-OFF: 1200 bps

e ON-ON: 2400 bps

What is handshaking? [SKIP IF YOU'RE NOT INTERESTED]

e RS232 and similar serial communications systems always require a minimum of three wires:
RX (receive), TX (transmit), and GND (ground). The RX pin from one end of the link (e.g.
the compuiter) is connected to the TX pin of the other end (e.g. the touchscreen) and vice
versa; the two GND pins are connected together.

e |f one end sends data faster than the other end can process it, data can be lost. Handshaking
is how serial ports say to each other "hang on a second; don't send data yet, I'm busy". There
are different ways of doing this:
¢ One is RTS/CTS hardware handshaking. Each end sets its RTS (ready-to-send) pin high

when it is ready to receive data. Each end watches its CTS (clear-to-send) pin; if thisis
high, the other end is ready to receive data. If it isn't high, no data should be sent. The RTS
pin from one end should be wired to the CTS pin on the other, and vice versa.

¢ An alternative form of hardware handshaking, less commonly used, is DTR/DSR
handshaking (see below).

o The other is XON/XOFF software handshaking. This only uses the standard three wires
(RX, TX, GND). Each end may send an XOFF ("S, ASCII 19) signal to say "hang on! I'm
busy". The other end should then stop sending data and wait until it receives an XON ("Q,
ASCII 17) signal.

¢ In general, hardware handshaking is better, because it's faster.

Why do we use XON/OFF handshaking? [TECHNICAL]

e The PC and Archimedes 9-pin serial ports have the following pin configurations: 1 DCD, 2
RX,3TX,4DTR,5GND, 6 DSR, 7 RTS, 8 CTS, 9 RI. We've discussed five of these; the
others are DCD (data carrier detect; computers listen on this pin and modems set it high to
indicate that they have detected a carrier signal from another modem), DTR (data terminal
ready; computers set this high to tell modems that they're generally in business; dropping it low
instructs modems to change mode, hang up, or something like that), DSR (data set ready;
computers listen on this pin and modems can use it to indicate a connection state), and RI (ring
indicator; computers listen on this pin and modems use it to indicate that an incoming call is
arriving).

e Some Intasolve touchscreens have no internal plugs; others have RJ11/DIN plugs. The
touchscreen RJ11 internal connector is 1 DTR (from touchscreen), 2 TX (from touchscreen),
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3 GND, 4 GND, 5 RX (from computer), 6 CTS (from computer). This is connected directly to
a9pinDIN plug: 1 DTR, 2 TX, 3RX, 4 CTS, 5 GND.

e CTS handshaking is reported [by MRFA] not to work with UPDD v2 and multiport serial
card. Thisis’'was a UPDD bug, as QModem communicates fine in this situation.

e Many of our touchscreens came from the manufacturer/supplier with mis-wired cables as
shown below. The mis-wiring prevents proper hardware handshaking.

PC/ Arc Touchscr een PC/ Arc
1 DCD < DIR1 Touchscr een
2 RX < TX 2 1 DCD <
3 TX > RX 5 2 RX < TX
4 DTR > CTS 6 3 TX > RX
5 G\ID - G\D 4 4 DTR >
6 DSR 5 G\D - G\D
+-7 RTS 6 DSR <
+-8 CTS +-7 RTS > CTS
9 R +-8 CTS < DIR
9 R <
Not ideal. The RX/TX/GND connections are fine  Better; still not perfect. This would
(note that < and > indicate the direction of do RTS/CTS handshaking (assumng

information flow). The touchscreen raisessDTR  the touchscreen uses its DTR pin like
and the PC can detect thiswith its DCD pin, but an RTS pin) if the computer's RTS
no PC uses DCD as a handshaking pin, so this  and CTS pins were not soldered
wiring assumes that the touchscreen can always together!

process data fromthe PC as fast as the PC can

send it. The PC will probably hold DTR high all

the time (it would need to be in DTR/IDSR

handshaking mode to use DTR as a handshaking

pin, and thisis not a very common mode);

therefore, the touchscreen will effectively assume

that the PC can process data as fast as the

touchscreen can send it. The RTSand CTS pins

are soldered together on the computer end of the

cable, meaning that this formof handshaking

can't be used. Result: no hardware handshaking.

e Better XON/XOFF than no handshaking at all!

How do I tell the computer that it's to use XON/XOFF handshaking?
e |n addition to setting the DIP switches on the touchscreen for XON/OFF handshaking, you
also need to configure your serial (COM) port for XON/OFF. Click Start — Settings —

Control Panel —» System— Hardware — Device Manager. In the device tree view, find
the appropriate port (e.g. Communications Port (COM1)) under Ports (COM & LPT).
Right-click it and choose Properties.
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Communicationz Port [COM1] Properties : 7| x|

General Port Settings | Drrivver I Hesnurcesl

Bitz per zecond: IEIEEIEI

L+

Drata bits: IE! j
Parity: IN.:.ne j
Stop bits: I‘I j

Flow cortct [N N -]

Advanced... | Hestore Defaultsl

k. I Cancel

Any other known problems?

¢ With a BrainBox multiport serial card, UPDD v2 fails to recognize the extra serial ports once
it's been installed, so you must select the touchscreen as you install UPDD (the setup program
does recognize all ports). (UPDD v2 bug. Touchscreen was on COM3. COM4 and higher not
recognized once installed.)

Now see
e Configuring the UPDD driver
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5.16.2 Configuring UPDD version 2 touchscreen drivers

The UPDD configuration utility has the following windows:

Pointer Device Properties ¥+* Eyaluation ¥Yersion =5 B ._-' & il
Windows | Calibration ] Status | About
Devices | Hardware | Settings ] Advanced ] Events ] General I Button Modes
The fallowing deviess are installed:-
# | Device Seament Corfroller
Touchzoreen 1 Whole Desktop  Intasolve, Interact 400, Serial
02  Durny? Whole Desktop  Intasobve. Interact 400, Sernal
03 Durmy3 Whole Desktop  Intasobve. Interact 400, Senal
04 Durnmpd “Whole Desktop  Intasohee, Interact 400, Senal
Add...
Modify...
Remaove.., |
Cabiate | Test | 0K Cancel ooy | Hep |

Asthe UPDD version 2 drivers don't support multiple monitors properly, set the touchscreen to
‘Whole Desktop'. (Touchscreen 1 is the genuine touchscreen in this example.)
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Pointer Device Properties ¥+ Eyvaluation Yersion 5%

Windows | Calibration ] Status | About
Devices Hardware | Sefings | Advanced | Events | General | ButtonModes

Hardware settings for: ‘|' ouchscieer 3
Communication Port Setiings Hardware Settings
Fort: | COM3 ~|

EIFD IB TI

Address IEI Baud rate |EI3“II
Iiq |D Paiity |Nnne Ehec]sF'nrtlEl TI

Advanced | S I'l—

Ealihratel T | oK T e Help

COM port settings should match the hardware configuration.

Pointer Device Properties *** Evaluation ¥Yersion =%

Windows | Calibration ] Status | About
Devices | Hardware — Seftings I fdvanced | Everts | Gereral | Button Modes

General setings for. | [TETEErTnN] | >
Click time _\l— 2 W Use liftoff packet
Taptjme |Illllllllll\.lllllll| H
|
|cine = P diandi B ot o i e
=
Stabiigation) e U T LD
=
] (] (] [ [ [ ] [ [}
dyeraging _I"- 0 Packets |
Low pass filter R 1] D efaults |
I |
Caibrste | Test | oK Cancel | ooy |  Hep |
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Pointer Device Properties ¥*+* Evaluation Yersion 5% ; g ; |

Windows | Calibration l Status | About |
Devices | Hardware | Settings  Advanced I Events | General | Button Modes

Advanced settings for: Tc-uchzc:r:en 1

Swap #M
Sample rate 100 r P&
¥ Enabled
T ouchdowrn filker AR o V' Initizlize
I | [~ Sound
Deglitl:h I\.l LIRU I I T T R I T BT B B Y I B B R B I_ ,é.nghl:lr mouze
i 1]
Sl o A R
1 | 1000 Macroz |
L] Ll " " L] L] L] L] L] L} L}
Sound - duration _ %y 55
o |
Defaultz |
Calbrate | Test | oK Cancel | Apoy |  Hep |
Pointer Device Properties *** Evaluation Yersion *** = |
Windows | Calibration Status | About |
Devices Hardware | Sefings | Advanced Events l General | Button Modes |

Events for: Tt-uChE:

creen 1

Primany Secondary

Default | Touchdown Left j ]an:hdu:uwn Left j

Calbrate | Test | [ ok ] conce | sppw Help

These settings are relevant. Y ou probably don't want anything too fancy from your touchscreen;
detecting when a finger (or nose) is on or off the screen is probably simplest and best. So the
primary and secondary event should simply be "Touchdown Left'.
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Pointer Device Properties ¥+* Evaluation Yersion 5% |
Windows | Calibration ] Status | About
Devices Hardware | Settings | Advanced | Events  General | Button Modes
General Seltings
v Show icong in spstem tray
" Check calibration
[T Calibration beeps
Clerye |
Durnp settings |
Cabrate | Test | oK Cancel | Apoy | Hep |
Pointer Device Properties ¥ Evaluation Yersion *5% |

] Statvis
Devices | Hardware | Settings | Advanced | Ewvents |

Windows | Calibration

Button Mode Editor

I Akt
General Buitton Modes

Edit mode

| Buttan

v Left " Right ¥ Show on menus

&dd

| Triggers

|]|,:_|I’:|,|: |

Downl [Touchdown | 3 [Touchdown  »|2 [Touchdown

i

Up2 |Lift off x| 4 |uitoff ~|8 [Liftof =] Defauls |
Calbrate | Test | [ ok ] cace | b | Hep |
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Pointer Device Properties *** Evaluation Yersion *=* ?;, |
Devices | Hardware I Sethngs ] Advanced ] Ewvents ] General I Button Modes
WWindaws Calibration Stalus About
Windows Sellings

Double Click Settings touze Click Test
Single Click Double Click
Tlme 1 1 1 !\' 1 n ] 1 :g]]
= |
Heich e
ﬂidth ahe \' i i L] L] L]
1]
Defaults |
Calbrate | Test | 0K Cancel | Apoy | Hep |
Pointer Device Properties ¥ Evaluation Yersion =% x|

Devices I Hardware | Sethngs ] Advanced ] Events ] General ! Button Modes

Windows Calibration Status Ahout
Calibration settings for: Calibration modes:
Touchzoieen 1 Ii'\loumd 3 Add... | Remave...
Calibration points: Calbration paltern:
|2 | | rl R
Timenut;
|1EI 4 | >|
- Start in &t Riotate
+ 0%
o [ |D 1'| -
" 20%
el I Transparent background Toalbars.., |
Calbrate | Test | e el N e

Y ou will need to calibrate your touchscreen. Once you've configured it for the ‘whole desktop',
come here and click 'Calibrate’. Y ou'll be presented (on the primary monitor) with a white screen
with arrows on; touch the arrows as it asks to calibrate the touchscreen.
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Pointer Device Properties ¥*+* Evaluation Yersion 5% |

Devices I Hardware I Settngs I Advanced ] Ewvents 1 General l Button Modes

Windows | Calibration Status i About
Poirter Devices, Stalus
Statuz:
Device It state Comms emor | Overflows | Sunc

o Touchscreen 1 Mot required [

o  Dummy? Mot requwed 0 1] 1

o Dummy3 Mot required O 0 0

of  Momemd Mot remasd 1 n L
1 | 3

Pool usage: Mowe # Hwid
Paged 0/0 |

Mer-Faged 120kb / 153k

Refiesh | Redniialie |

Cabrate | Test | [ ok | caea | seob | Hep

Though it would be nice if the 'reset’ and 're-initialize’ buttons did something useful — like getting rid
of the infernal beeping that comes out of the UPDD driver every so often and has no effect on the
touchscreen's function — they don't.

Pointer Device Properties *** Evaluation ¥Yersion *** |

Devices I Hardware I Sethngs I Advanced ] Ewvents i General | Button Modes |

Windows | Calibration ] Status &boit
Universal Pointer Device Diiver
Compary:  Touch-Baze Ltd Diiver program wersion 02,5608
Copyright® Touch-Base Ltd Build 02.56.08P /1347 / D0321

Caibiate | Test | oK | cacel | sppb | Hep
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5.16.3 Configuring UPDD version 3 touchscreen drivers

Begin by choosing Start — Programs — UPDD — Settings. All of the UPDD can be controlled

from this panel.

1 Pointer Device Properties X

Devices |ﬂardware| Eettingsl .ﬂ.dgancedl Eventsl Eenerall Windows: Ealibratioﬂl S!atusl About |

The following devices are installed:
f# | Device Segment | Interock | Id | Port Controller

01  Touchzcreen  Monitor 2 Interlock COMZ  Intazolve, Inkeract 400 seri

todify.... |

. | B Remove. . |

LCalibrate | Test | 0k, | Cancel | Apply | Help |

Click Modify to choose which area of the desktop the touchscreen should contral - or which
monitor (in a multimonitor configuration). Y ou can also choose the touchscreen's name here. In
this example, it's imaginatively called "Touchscreen” and this name appears in subsequent
configuration screens.
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Cl Pointer Device Properties . X]

Devices Hardware |§ettings| .ﬂ.dgancedl Event&l Eenerall Windows Ealil:uratiu:uﬂl S;atusl About |

Settingz For: [N g==

Communication Port S etiingz

Com port; IEEIM2 vI [ &uto Detect FIFQ: IS vI

Addrezs: |3F8 Baud rate: IEIEEIEI
IRL: |4 Parity: IEI
IE

Data bits:

Advanced | Stop bits: I'I

Lalibrate | Test | 0k, I Cancel | Sppl Help

Choose the COM port settings for the touchscreen here. Typically, for serial touchscreens, this is
9600 8N 1 (baud rate 9600 bps, 8 data hits, no parity, 1 stop bit) - but the correct value is that which
(2) your touchscreen and (2) the Windows COM port are set to.

Cl Pointer Device Properties . X

Qevicesl Hardware Settings |.-5.dgan|:ed| Events' ﬁenerall ﬂindnwsl Ealibratiu:uﬂl Sgatusl About |

Settings For: |g]
Click time — 2
o . ¥ Usze liftaff packet
Tap time J 3
Litt off time _} 40
- . !\ 1 1 1 1 1 1 1 1
Stabilization | 1]
e 1 : [ esen |
; L D Defaults |
Low pass filker _} 1]

LCalibrate | Test | (1]8 I Cancel | Spply | Help |

If "Use liftoff packet" is ticked, the touchscreen tells UPDD as soon as the finger is removed from
the touchscreen. If it is not ticked, the "Lift off time" becomes important; this is specified in units of
20 ms. If you need to specify a lift-off time, you may wish to consider a value of 2 (i.e. 40 ms)
rather than the very high value of 40 (= 800 ms) shown here; see Troubleshooting for an
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explanation of what can happen if this is misconfigured. Basically, if this value is too high, your
touches appear abnormally prolonged. To repeat, the value of "lift off time" is not relevant if your
touchscreen allows you to operate with "Use liftoff packet” ticked.

Gl Pointer Device Properties X]

Qevicesl ﬂardware' Settings  Advanced |Events| ﬁenerall ﬂindnwsl Ealibratiu:uﬂl Sgatusl About |

Settings For: |0
[ T T T T T T T Y TR SN T TN TR TR O TR S B B | I_ SWEIFI xN
Sample rat 100 -
ample rate J ¥ Enabled
. R BN IO v Initialize
Touchdown filker | 0 [ Sound
. I R A A I B IR ¥ Anchor mouze
Deglitch | L ¥ Malion
Sound - pitch J 1000
Sound - duration '—J L] ﬂl
Z Thieshold A 50 _ Delauts_|

LCalibrate | Test | (1]8 I Cancel | Spply | Help |

Set Anchor nouse on - otherwise, your subject will move the main Windows mouse pointer when
it touches the touchscreen!

1 Pointer Device Properties EI

chscreen

Settings For: |3

Primary Secondary

Default Touchdown Left j ITuucthwn Right j

Defaults |

LCalibrate Test (1] 4 I Cancel | Soply | Help |
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] Pointer Device Properties |
Qeviceal ﬂardwarel Eettingsl .ﬂ.dgancedl Event&l Eenerall Windows  Calibration | S;atusl About |
Calibration Settings For: Calibration Modes:
Touchscreen INnrmaI j Add... | Bemave. . |
o . Calibration Pattern
Calibration Points
K
|2 4 | Pl
Calibration Timeout
|1EI L | | bl
kargin Percentage
IEI L | | bl
-
[~ Transparent Background Toolbars |
Lalibrate | Test | 0k, I Cancel | Sppl | Help |

A suggestion: set the Margin Percentage to zero, then calibrate your touchscreen (after clicking
Calibrate) by touching the extreme corners of the touchscreen.

] Pointer Device Properties

Qevicesl ﬂardware' ﬁettingsl .ﬂ.dgancedl Events' ﬁenerall Windows | Calibration  Status |.-'-‘-.b|:|ut |

Pointer Devices, Status

Sync erors

Owverflows

Carnrnz error

Device Init state
S Touchicieen 0K

Fool uzage, Mowe/Hiwbd Fleset |

21kb # 49kb
Refresh | Reinitialize |

LCalibrate Test | (1]8 I Cancel | Spply | Help |

In this status view, there should be none, or very few, comms / overflow / sync errors. (Hint: if
your Intasolve touchscreen has its DIP switches set to Touchbase mode, then many sync

errors appear when you touch it, and it doesn't work properly.)
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] Pointer Device Properties |
Qevicea] ﬂardware] Eettingsl .ﬂ.dganced] Event&] Eeneral] ‘Windows | Calibration | Status  About
Univerzal Pointer Device Driver

Compary:  Urniverzity of Cambridge Diriver program werzion  03.08.08F

Copyright® Touch-Baze Ltd Build 03.08.05F #3033 / D14E63

Licence | Histary ‘

Lalibrate Test 0k, ‘ Cancel | Help

Technical note: UPDD may store its parameters in the registry at
\HKEY_LOCAL_MACHINE\SYSTEM\CurrentControlSet\Senices\TBUPDD\Parameters
with other copies in

\HKEY_LOCAL_MACHINE\SYSTEM\ControlSet001\Senices\TBUPDD\Parameters
\HKEY_LOCAL_MACHINE\SYSTEM\ControlSet001\Services\TBUPDD\Parameters
.. etc.

Clicking the "Dump Settings" button writes the settings to a textfile.

5.16.4 Configuring UPDD version 4.1.10 touchscreen drivers

This section is taken from a working system running Windows 7 Professional SP1 with UPDD
v4.01.10 (v4.1.10) in Jan 2015.

Overview of suggestions for Whisker:

e Until UPDD is working properly, and communicating with your touchscreen, it
WON'T work properly with Whisker.

e You'll know that UPDD is working when you can (a) calibrate, and (b) use the UPDD
" Show test screen” to draw on the correct screen with your finger. The mouse pointer
may move at the same time, but that's OK; Whisker will prevent that when it is properly
configured.

e Only then run and configure Whisker. Ensure that Whisker's server event log indicates
that it's communicating with UPDD. Ensure that your touchscreen appears in Whisker's
Configure — Touchscreens list. Ensure that you point it to the correct display. Then turn on a
Whisker test display and ensure that "touch down", "touch move", and “touch up" messages
appear when you touch (not "mouse down", “mouse move", and "mouse up" messages). Don't
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enable any of Whisker's "mouse pretends to be a touchscreen” options at this point, or things

will get confusing.

e Also beware the halfway-house situation where your UPDD touchscreen is
pretending to be the system mouse (as it readily does), and you've configured
Whisker to respond to mouse input rather than properly configuring its
touchscreens. Then Whisker will appear to "half work", but the mouse pointer will keep
jumping all over the place. When Whisker is talking to UPDD properly and has control of its
touchscreens, the system mouse pointer is entirely unaffected by touchscreen touches.

Begin by choosing Start — All Programs — UPDD — Settings. All of UPDD can be controlled

from this panel.

When you click About, you see this:

-
& UPDD Console

)

iNexio, FW1_5x (5 byte)(3)

O

Calibrate

UPDD version 04.01.10 Build id: 04 01_10R 7 2363 7 D17063
Copyright Touch-base Lid 1998-2010
Distributed by: CeNe5 {CU)

T
ElSI==

Support information ‘E% Show license key

E View license [Z] View change history

¢ Hardware

J cose

2 Help 1) About

e

When UPDD Settings launches, it starts at the following screen. Y ou can add and remove devices

here.
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& UPDD Console ‘
iNexio. FW1_5x (5 byte)(3) O
$ Hardware

@ Click Mode E

Ep Connected to COM1

i Calibration

=] s
I:Ei Add a new device

Remove thizs device

«f Close 2) Help 2 About

. Calibrate

Be extremely careful if you have >1 touchscreen, or have created >1 UPDD device! At
the top left, the touchscreen name is shown. Ensure you're configuring the right one!

& UPDD Console
|_am_a_dummy_do_not_use me 0

Select device
E |_am_a_dummy_do_not_use_me

@ iNexio, FW1.5x (5 byte)

Ep Connected to COM1

Stdus
Ifii Add a new device

Remove this device

 Close ?f) Help If,l About
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From the Hardware screen, you can configure the monitor:

-
!-ﬂ. Desktop Area

iNexio, FW1_5x (5 byte}{(3)

Select a monitor or desktop area from the list below

| Monitor 2 (s) ™ & Configure Al

A calibration may be required if this setting is changed

< ox ¥ cancsl 2) Help
... and the COM port settings:
r!-ﬂ Serial port settings — ﬁ

|| iNexio. FW1.5x (5 byte)}(3)

Select a com port from the: list below

COM1 -

[ Advanced settings

Baud rate: 19200 - Data bits: I 2 "I
Parity- I MNone vI Stop bits:- I 1 vI
FIFD: I ] vI

< oK ¥ cancel 2) Help

b

Beware: when you choose the COM port, UPDD will offer you a great many. In this case, the
computer only had COM1, but UPDD sitill offered everything from COM1 to COM50:
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. comi
3. coM2
. com3
. com4
. COM5
. COMG
., coM7
. coMs
S, com9
12
. coMm11
| . com12 |
%, COM13
3, COM14
. COM15

n v

f— — e e

The Click Mode should have "Extended touch” disabled for non-primary monitors (according to the
UPDD help), and should probably be set to "Click and drag':

&, UPDD Console - - ) |
iNexio, FW1.5x (5 byte) +
Hardware Click and drag (z) o [] Extended touch
D Enable event selector

@ Click Mode

% _Flnpalles

::: Calibration @ Sound Options

— Test icons

- Status .

= System mouse seftings Right click Double dlick

D D B

Calibrate J Close _?/) Help _I/) About
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The Properties page:
& UPDD Console - ==
iNexio. FW1.5x (5 byte)(3) O
Name |iNexio, FW1.5¢ (5 byte)(3)
@ Click Mode Low pass fitter |0 Ll 4 [7] Use lift-off packet
Liftoff time |5 5~ & [] Anchor mouse
% Properties Enabled
Stabilization |0 P~ & A B
i1 Calibration
Averaging |0 4 e
Status Priority
Mode Interdock (d) o
Release Time |5 @S~ & E Advanced
[i7] calibrate «f Cose 2) Help 2 Mot

.. and advanced properties (you might want to untick "Ignore touches outside calibrated area”).

!-"5 Advanced properties &lﬂ

Edge acceleration
Width Gain
| Left 0 o
Right |0 o
Top 0 o
Bottom |0 o

D lgnore touches outside calibrated area

< ox X cancel 2 Help

b

The Calibration screen configures the calibration process. To calibrate, just click the "Calibrate”
button at the bottom left; a new window will pop up for calibration (and you may have to close
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it yourself afterwards).

KL UPDD Console ™)
iNexio. FW1.5x {5 byte)}(3) o
* Hardware Style = Normal {y) D
@ Click Mode 5F Add a new style
%--é _I |D|JE|[IES
.::. Calibration Number of poirts
4 » &
Status Margin %
5 +*
[[] Confimm after calibration
Timeout (zecs)
10 * 3 @ Sound Options
. Calibrate +/ Close 7 Help _I/) About

The final page shows the device's status, and has the helpful options to Show test screen (and
Show test grid).
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&, UPDD Console - ==
iNexio. FW1_5x (5 byte){3) O
@ Hardware Controller type: iMNexdo, FW1 5 (5 byte), Sedal
State: Enabled
@ Click Mode
SYNC emors: 0
= Properties
1] cairation
||
— [>» Replay initialization macro f Show test screen
EEET
! Reset emor counts EHEE Show test grid
| @ Reload driver settings E Dump settings
1] calibrate f Close 2 Help 1) Apout

For more detail on the various UPDD settings, see documentation for older UPDD versions.

5.17 Med Associates operant chambers

Whisker doesn't support standard Med Associates Smart Control Interface hardware, because we
don't know the specifications for low-level communication with that hardware. However, you can
run Med Associates boxes using a variety of general-purpose hardware interface cards (see
Hardware requirements).

Specific issues with Med Associates operant chambers:

e University of Cambridge interface system: steel boxes with 25-way connectors
e Supplying power to Med Associates operant chambers

5.17.1 University of Cambridge: Hubert's boxes (25-way connector style) (copy)

Hubert Jackson has created boxes for the University of Cambridge that enclose all the Amplicon
hardware. They have the following connections:

e +28V DCin

e OV DCin

e 78-way cable from Amplicon card in the computer

e 3x 25-way D connections from Med A ssociates operant chambers

The wiring map is shown below.
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Whisker line numbers are shown for three boxes, with Amplicon panels (X/Y/Z) and connection
numbers within each panel (A0-C7) shown in brackets. If you have two Amplicon cards and six
boxes, add 72 to each line number for the second set of three boxes.

Note that most Whisker clients will expect six boxes to be numbered 0-5, not 1-6.

Function Box 1

Left lever operate 36 (Y-B4)
Liquid dipper 33(Y-B1)
Centre stimulus 48 (Z-A0)

light

Houselight 24 (Y-A0)
Traylight 27 (Y-A3)
Tone 51 (Z-A3)

Spare 1 (output) 60 (Z-B4)
Left lever response3 (X-A3)

Right lever 6 (X-A6)
response
Head entry 0 (X-A0)
response

Left I/R response 9 (X-B1)
D

Right I/R response 15 (X-B7)
3

+28V supply -

Right lever operate 39 (Y-B7)
Left stimulus light 42 (Y-C2)
Right stimulus light 45 (Y -C5)
Pump 30 (Y-A6)
Clicker 57 (Z-B1)
Pellet dispenser 54 (Z-A6)

Spare 2 (output) 63 (Z-B7)

Shock 69 (Z-C5)

+28V supply - (X-SK5)

Ground - (X-SK5)

Centre I/R 12 (X-B4)

response

Safety relay 66 (Z-C2)
on during
operation

Box 2 Box 3

37 (Y-B5) 38(Y-B6)
34 (Y-B2) 35(Y-B3)
49 (Z-A1) 50(Z-A2)

25 (Y-Al) 26 (Y-A2)
28 (Y-A4) 29 (Y-A5)
52 (Z-Ad) 53 (Z-A5)
61(Z-B5) 62 (Z-B6)
4(X-Ad) 5 (X-Ab)
7(X-A7) 8 (X-BO)

1(X-Al) 2(X-A2)
10 (X-B2) 11 (X-B3)

16 (X-C0) 17 (X-C1)

40 (Y-CO) 41 (Y-C1)
43 (Y-C3) 44 (Y-C4)
46 (Y-C8) 47 (Y-C7)
31 (Y-A7) 32(Y-B0)
58(Z-B2) 59 (Z-B3)
55 (Z-A7) 56 (Z-B0)
64 (Z-C0) 65 (Z-C1)
70(2-C6) 71(Z-C7)
- (Y-SK5) - (Z-SK5)
- (Y-SK5) - (Z-SK5)

13 (X-B5) 14 (X-B6)
67 (Z-C3) ot

off during connected
operation

Wire colour 25-way DMed

sock et

pin
red 1
blue 2
green 3
yellow 4
white 5
black 6
brown 7
orange 9
pink 10
turquoise 11
grey 12
red/blue 13
WHITE/RED 14
Linked to pin 23
yellow/red 15
white/red 16
red/black 17
red/brown 18

yellow/blue 19
white/blue 20
grey/blue 21

grey/black 22
WHITE/RED 23
WHITE/ 24
BLACK

red/green 25

Associates
line

OuUT 1
OuUT 3
OUT 5

OouT 7
OuT 9
ouT 11
OuUT 13
IN 1

IN 2

IN 3

IN 4

IN 6

+28V

OuT 2
OuT 4
OuUT 6
OuT 8
OuT 10
OuT 12
OuT 14
OUT 16
+28V

28V
GROUND
IN5

Safety relay to Z-C2 (N/O) and Z-C3 (N/C) on EX213 board. Link C2 COM to +24V and C3

COM to OV.

Part numbers: 24V relay (RS 229-3614 or Farnell 910-806), holder (RS 802-890 or Farnell 625
619), LED (RS 802-941 or Farnell 735-073).
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16 output control lines x 3 boxes = 48 lines from Y -PL3 and Z-PL4 on EX213 boards; EX213
board output contral lines connected to SK7 and SK8 N/O; all COM to OV.

6 input response line x 3 boxes = 18 lines into X-PL2 on EX230 board; EX230 board input response
lines connected to SK8 OV; remove header links on EX230 board and connect J31 to J54 together
to +28V (SK5,6,7,8) using header sockets (RS 406-0696 or Farnell 973-543).

(By Hubert Jackson, 4 Sep 2002.)

The corresponding device definition file should look something like this:

Whi sker Server v2.0 - DEVICE DEFINI TION FILE - DO NOT ALTER THI' S LI NE
HEHHBRHH AR Y H AR HHBRHH R HH B HH R H BB H BB H PR H BB R AR H BB H BB H BB H AR

#

# These definitions are for 3- or 6-box systens running through Hubert's "IV"
boxes,

# whi ch have the follow ng connectors

# 28V and OV power in (plug the power supply in here)

# a 78-way cable enmerging that plugs into the conputer

# three 25-way connectors - wire these to the operant chambers, one per box
# Failsafes are 66 (on), 67 (off), 138 (on), 139 (off).

#

# Steps to follow

# 1) Wre up the boxes according to this broad mappi ng scheme. *NOTE* THAT | F
YOUR MED BOXES

# USE THE NEWER MED POVWER SCHEME ( SEPARATE CABLES), YOU MAY NEED TO MODI FY THE
BOXES - see separate

# docunment or Whisker help system

# 2) Make a copy of this file and nodify it according to your actual mapping, if
needed.

# 3) Configure "Configure hardware -> Set device definition file" to use your

# nodi fied version of this file.

# 4) Configure "Configure hardware -> Configure fail safe outputs”

# to have lines 67/138 on during operation, lines 67/139 off during operation,
and al
# those lines off when the server exits

# 5) Configure fake lines ("Configure hardware -> Fake (debugging) I/O lines") as
needed.
# 6) Restart the server

#

# Hubert's "standardi zed" mapping is

#

# Device Med panel Line nunbers (for boxes 0, 1, 2, 3, 4, 5)
ot
# L |l ever report IN 1 3, 4, 5, 75, 76, 77

# R lever report IN 2 6, 7, 8, 78, 79, 80

# Nosepoke IN 3 0, 1, 2, 72, 73, 74

# Left | oconmptor beam IN 4 9, 10, 11, 81, 82, 83

# Centre | oco beam IN 5 12, 13, 14, 84, 85, 86

# Ri ght |oconotor beam IN 6 15, 16, 17, 87, 88, 89

# L lever operate ouT 1 36, 37, 38, 108, 109, 110
# R |l ever operate ouT 2 39, 40, 41, 111, 112, 113
# Di pper ouT 3 33, 34, 35, 105, 106, 107
# Left |ight ouT 4 42, 43, 44, 114, 115, 116
# Centre light ouT 5 48, 49, 50, 120, 121, 122
# Right light OUT 6 45, 46, 47, 117, 118, 119
# Housel i ght out 7 24, 25, 26, 96, 97, 98

# Punp ouT 8 30, 31, 32, 102, 103, 104
# Traylight ouT 9 27, 28, 29, 99, 100, 101
# Clicker OuUT 10 57, 58, 59, 129, 130, 131
# Tone ouT 11 51, 52, 53, 123, 124, 125
# Pell et ouT 12 54, 55, 56, 126, 127, 128
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# Spare 1 ouT 13 60, 61, 62, 132, 133, 134
# Spare 2 ouT 14 63, 64, 65, 135, 136, 137
# Shock ouUT 16 69, 70, 71, 141, 142, 143
#
# In practice, you may want to nmodify these - e.g. adding "fake" |oconotor beans
that aren't present,
# or mapping non-existent traylights to centrelights, etc.
#
# Fake lines would begin at line 144, if you define them Suppose you define 18
fake inputs; you m ght use these:
# Inputs (18 of them:
# LOCOBEAM_FRONT lines 144, 145, 146, 147, 148, 149
# LOCOBEAM M DDLE lines 150, 151, 152, 153, 154, 155
# LOCOBEAM_REAR lines 156, 157, 158, 159, 160, 161
#

B G G

# Box O definition

#

ne
ne
ne

ne
ne
ne
ne
ne
ne
ne
ne
ne
ne

ne
ne
ne
ne
ne
ne
ne
ne

ne
ne
ne

Box 1

ne
ne
ne

ne
ne
ne
ne
ne
ne
ne
ne
ne

w

24
57
54
33
36
39
42
45
48
30

9

12
15
27
51
60
63
69

144
150
156

definit

N

25
58
55
34
37
40
43
46
49

box0
box0
box0

box0
box0
box0
box0
box0
box0
box0
box0
box0
box0

box0
box0
box0
box0
box0
box0
box0
box0

box0
box0
box0

on

box1
box1
box1

box1
box1
box1
box1
box1
box1
box1
box1
box1

NOSEPOKE
LEFTLEVER
RI GHTLEVER

HOUSEL| GHT

CLI CKER

PELLET

DI PPER
LEFTLEVERCONTROL
Rl GHTLEVERCONTROL
LEFTLI GHT

RI GHTLI GHT
CENTRELI GHT

PUMP

LOCOBEAM_LEFT
LOCOBEAM_CENTRE
LOCOBEAM _RI GHT
TRAYL| GHT

TONE

SPAREL

SPARE2

SHOCK

L OCOBEAM_FRONT
LOCOBEAM_M DDLE
LOCOBEAM_REAR

NOSEPOKE
LEFTLEVER
Rl GHTLEVER

HOUSEL| GHT

CLI CKER

PELLET

DI PPER
LEFTLEVERCONTROL
RI GHTLEVERCONTROL
LEFTLI GHT

RI GHTLI GHT
CENTRELI GHT
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ine

ne
ne
ne
ne
ne
ne
ne
ne

ne
ne
ne

Box 2

ne
ne
ne

ne
ne
ne
ne
ne
ne
ne
ne
ne
ne

ne
ne
ne
ne
ne
ne
ne
ne

ne
ne
ne

Box 3

ne
ne
ne

ne
ne
ne
ne
ne
ne
ne
ne
ne
ne

ine

31

10
13
16
28
52
61
64
70

145
151
157

definiti

[¢)]

26
59
56
35
38
41
44
47
50
32

11
14
17
29
53
62
65
71

146
152
158

definit

72
75
78

96

129
126
105
108
111
114
117
120
102

81

box1

box1
box1
box1
box1
box1
box1
box1
box1

box1
box1
box1

on

box2
box2
box2

box2
box2
box2
box2
box2
box2
box2
box2
box2
box2

box2
box2
box2
box2
box2
box2
box2
box2

box2
box2
box2

on

box3
box3
box3

box3
box3
box3
box3
box3
box3
box3
box3
box3
box3

box3

PUMP

LOCOBEAM _LEFT

L OCOBEAM_CENTRE
LOCOBEAM_RI GHT
TRAYLI GHT

TONE

SPARE1

SPARE2

SHOCK

L OCOBEAM_FRONT
LOCOBEAM_M DDLE
LOCOBEAM_REAR

NOSEPOKE
LEFTLEVER
RI GHTLEVER

HOUSEL| GHT

CLI CKER

PELLET

DI PPER
LEFTLEVERCONTROL
Rl GHTLEVERCONTROL
LEFTLI GHT

RI GHTLI GHT
CENTRELI GHT

PUMP

LOCOBEAM_LEFT
LOCOBEAM_CENTRE
LOCOBEAM _RI GHT
TRAYL| GHT

TONE

SPAREL

SPARE2

SHOCK

L OCOBEAM_FRONT
LOCOBEAM_M DDLE
LOCOBEAM_REAR

NOSEPOKE
LEFTLEVER
Rl GHTLEVER

HOUSEL| GHT

CLI CKER

PELLET

DI PPER
LEFTLEVERCONTROL
RI GHTLEVERCONTROL
LEFTLI GHT

RI GHTLI GHT
CENTRELI GHT

PUVP

LOCOBEAM_LEFT
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ne
ne
ne
ne
ne
ne
ne

ne
ne
ne

Box 4

ne
ne
ne

ne
ne
ne
ne
ne
ne
ne
ne
ne
ne

ne
ne
ne
ne
ne
ne
ne
ne

ne
ne
ne

Box 5

ne
ne
ne

ne
ne
ne
ne
ne
ne
ne
ne
ne
ne

ne
ne
ne
ne

84
87
99
123
132
135
141

147
153
159

definiti

73
76
79

97

130
127
106
109
112
115
118
121
103

82
85
88
100
124
133
136
142

148
154
160

definiti

74
77
80

98

131
128
107
110
113
116
119
122
104

83
86
89
101

box3
box3
box3
box3
box3
box3
box3

box3
box3
box3

on

box4
box4
box4

box4
box4
box4
box4
box4
box4
box4
box4
box4
box4

box4
box4
box4
box4
box4
box4
box4
box4

box4
box4
box4

on

box5
box5
box5

box5
box5
box5
box5
box5
box5
box5
box5
box5
box5

box5
box5
box5
box5

LOCOBEAM_CENTRE
LOCOBEAM_RI GHT
TRAYLI GHT

TONE

SPARE1

SPARE2

SHOCK

L OCOBEAM_FRONT
LOCOBEAM_M DDLE
L OCOBEAM_REAR

NOSEPOKE
LEFTLEVER
Rl GHTLEVER

HOUSELI| GHT

CLI CKER

PELLET

DI PPER
LEFTLEVERCONTROL
RI GHTLEVERCONTROL
LEFTLI GHT

RI GHTLI GHT
CENTRELI GHT

PUMP

LOCOBEAM _LEFT

L OCOBEAM_CENTRE
LOCOBEAM_RI GHT
TRAYLI GHT

TONE

SPARE1

SPARE2

SHOCK

LOCOBEAM_FRONT
LOCOBEAM_M DDLE
LOCOBEAM_REAR

NOSEPOKE
LEFTLEVER
RI GHTLEVER

HOUSELI| GHT

CLI CKER

PELLET

DI PPER
LEFTLEVERCONTROL
Rl GHTLEVERCONTROL
LEFTLI GHT

RI GHTLI GHT
CENTRELI GHT

PUMP

LOCOBEAM _LEFT
LOCOBEAM_CENTRE
LOCOBEAM_RI GHT
TRAYLI GHT

83
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line
l'ine
l'ine
l'ine

line
l'ine
l'ine

See also:

125
134
137
143

149
155
161

box5
box5
box5
box5

box5
box5
box5

TONE
SPARE1
SPARE2
SHOCK

LOCOBEAM_FRONT
LOCOBEAM_M DDLE
LOCOBEAM_REAR

e Configure digital 1/0O cards and install them into the computer.

e Confiqure EX233 distributor boards.

e Configure EX213 output panels.

e Configure EX230 input panels.

o Configure EX221 mixed panels.

¢ |nstall a safety relay device.

5.17.2 Operant chamber power connections

Med Associates operant chambers use 28V devices. Output devices (e.g. pellet dispensers) are
triggered by shorting the control line to ground; input devices (e.g. infrared beam detectors) short
their report line to ground when they are triggered. All devices have a 3-way connector (the pin at
the flat end is +28 V; the pin at the pointy end is 0 V; the centre pin is the data line).

In or about 2002, Med changed their wiring system. New boxes have a 25-way data connector and
a heavy-duty 2-way power cable.

Pin on 25-way D connector

Corresponding SG-716D2  Old M ed boxes used a

on SG-716D2 panel attached panel label (where devices different connection system,
to operant chamber

O©CoO~NOUIR_WNE

are attached to the panel) in which power was
transmitted down the same
25-way cable as data:

OouT 1 OouT 1
OuT 3 OouT 3
OuT5 OuUT 5
ouT7 OouT 7
OuT 9 OouT 9
OuT 11 OuT 11
OuT 13 OuUT 13
OuT 15 OuUT 15
IN 1 IN 1

IN 2 IN 2

IN 3 IN 3

IN 4 IN 4

IN 6 IN 6

IN 7 +28 V (power)
OuT 2 OuT 2
OouT 4 OuT 4
OuT 6 OuT 6
OouT 8 OouT 8
OuT 10 OuUT 10
OouT 12 OuT 12
OuT 14 OuT 14
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22 OUT 16 OUT 16

23 IN 8 +28 V (power)
24 (not connected) 0V (ground)
25 IN5 IN5

Since we (at the University of Cambridge) already had custom boxes designed for the old Med
systems with 25-way connectors, we had a choice of redesigning our boxes or rewiring the Med
boxes. We chose to rewire the Med boxes for simplicity, even though this keeps the power going
down the light-gauge 25-way cable. We achieved this using the following conversion:

¢ onthe PCB of the SG-716D2 panel, solder pin 24 (0 V) tothe OV rall;
e on the PCB of the SG-716D2 panel, solder pin 23 or pin 14 (+28 V) to the +28 V rall;

e obstruct sockets IN 7 and IN 8 on the front of the panel, since they are now connected to +28
V and are unusable as inputs;

e stick a notice on the panel saying what's been done!
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6
6.1

6.2

Using the WhiskerServer console

Introduction
Start - Whisker — Whisker Server

© WhiskerS erver - 18] =]

File Configure hardware  Server  Client Line  Analogue  Audio  Display  Touchscreen Help

erver status
Server event log - . - O
Digital line status , g;,;f h lSke;ﬂ ———
Analogue line status i —
Audio devices -“‘--._\
- Display devices Control system for research
[ouchscreens by Rudolf Cardinal and Mike Aitken
ients

© Cambridge University Technical Services Ltd. All rights reserved.
www.whiskercontrol.com

WhiskerServer v2.12.4, by Rudolf Cardinal and Mike Aitken. Multimedia edition.
Copyright @ 1999-2006 Cambridge University Technical Services Ltd, all rights reserved.

Use the tree on the left-hand side to explore the server.

This is a release build compiled on May 26 2006 at 12:31:27.
Multimedia edition, using UPDD wversion 3, with National Instruments O card support.

a | ﬁ

For Help. press F1 NUM

The WhiskerServer program must be running at all times when you wish to use the
operant chambers. It is this program that actually communicates with the hardware.

However, you almost never need to interact with the server while it is running. It can provide you
with a great deal of information about what's going on within your system, and can be very helpful
for wiring up the system, testing devices and debugging client programs, but in day-to-day
operation you can simply minimize it and forget it. (If you try to close the server while tasks are
running, thus aborting any ongoing tasks, it will complain vociferously so you don't do it by
accident.)

Editions of WhiskerServer

WhiskerServer is supplied in three editions:

e a Standard Edition, which controls digital input and output devices,

e a M ultimedia Edition, which has all the facilities of the standard edition but also supports
display devices (monitors), touchscreens, mouse input, keyboard input, and audio devices
(sound cards);

e aProgrammers' Edition, which does not support maost physical 1/0 devices, and does not
support touchscreens, but does support display devices (monitors), sound, keyboard and mouse
input, “fake" digital 1/0 lines and serial port I/O. This edition is intended for writing and testing
tasks without access to physical 1/0 hardware (with the tasks eventually running on a
computer with the Standard or Multimedia edition installed); it also allows human testing with
serial-port-based 1/O devices (e.g. button boxes), keyboard/mouse input, and visual displays.

If you have the standard or programmers' version, some items on the server console's display
relating to unsupported devices will be absent or greyed out.
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6.3

The Left-Hand Tree

File Edit View Semwer Clent Line

zlerServer
i Server status
Server event log
Ling status
Dizplay devices
- Audin devices
[=- Clients
[=J- Client rasmier 0 - T est Client
Infommation.’status
Event log
Communications log
Timer events
Lines in use
Aliazes for lines
Display devices in use
Display documents
Audio devices in use
[#- Client number 1 - Unnamed-1

This picture shows the various views available to the server. When you click on an item on this
tree, a view opens up on the right-hand side of the screen.

The root view, labelled Whisker Server, displays version information about the server.

There are several views giving a summary of the server's status as a whole (from Server status
through to Clients). Click on the tree on the left to open each view in the right-hand window.

Then, for each connected client, there are several views giving information about just that client
(beginning with Infor mation/status).

The tree structure in this help system mirrors the tree view in WhiskerServer, dividing the views
up into those that give you information about the server as a whole, and those that pertain to
individual clients.

Use the mouse to navigate around the display. Click '+ symbols to open up part of the tree and -
symbols to collapse the tree.

Using the keyboard, you may use the up/down arrow keys to navigate around the tree; the right
and left arrow keys open up and collapse parts of the tree, respectively. Use TAB to switch to the
right-hand window, and Shift-TAB to switch from the right-hand to the left-hand view (except that
you cannot use the keyboard to move the input focus from the right-hand view if it is showing a
multimedia display, because keyboard input to a view like this may be used for a different

purpose).
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6.3.1

6.3.1.1

Views pertaining to the server as awhole

Server status
Server event log
Line status
[+ Dusplay devices
Audio devices
[#- Clients

Please select a subheading.

Server status

Displays information about the server's network status, and how many clients are connected.
Here's an example:

WhiskerServer v2.0, by Rudolf Cardinal. Multimedia edition.

Network status: Running

Server hostname: needle

Server IP address: 192.168.0.1

TCP ports are 1333 [main] and 1334 [immediate]

Number of clients: 2
Maximum number of clients permitted: 15

Worst inter-poll interval so far [ms]: 2

This display is scheduled to be updated every 1000 ms

‘Worst inter-poll interval since last update [ms]: 2

Since last update, have had 1008 polls, of which 100.02¢ were <=10ms, 0.026 were 11-20 ms, 0.0% were >20ms
Server process priority: Realtime

Version information. This display is from WhiskerServer v2.0, multimedia edition.

Network status. Since the server is accepting connections from clients, the network status shows
as 'running’. The server's name and IP address is displayed. (In addition to this | P address, the
address 127.0.0.1 can be used to mean 'this computer'.) Every TCP/IP based program makes a
connection using a port nunber (for example, the HTTP protocol that drives the Web usually uses
port 80) and the TCP port that Whisker uses by default to establish connection is 3233.

Connected clients. This example shows that two clients are currently connected, and there is an
arbitrary limit of 64 clients. (If this limit causes problems, e-mail rudolf @pobox.com)

Performance information. The bottom section of this display shows performance information.
Whisker operates by asking the digital 1/0 boards very frequently whether anything has changed
since it last asked, a technique known as polling. In this example, the longest time between two
consecutive polls since the server was restarted (or the timing statistics were reset) is 2 ms; the
display you are looking at will be updated approximately once every 1000 ms; the worst inter-poll
interval since the display was last updated was 2 ms, and since the last display update (1000 ms
ago) there have been 1008 poals, all of which have occurred with <10 ms between them (in fact, in
this case, we know from the previous numbers that Whisker was performing rather better than this
and no inter-poll time was longer than 2 ms). The meaning of this information is discussed in more
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detail later (Whisker — Performance considerations).

Technical note: why use polling?

Because the Amplicon boards cannot generate interrupts when an arbitrary input line changes state.

6.3.1.2 Server event log

Less than thrilling, this displays significant information pertaining to the whole server. For example,
when clients connect and disconnect, and when the hardware is first initialized, status and error
messages are recorded here. Here's a screenshot:

Tirna | Sourca | Mescage

13:20:11 Server Whizker server started.
13:20:11 Digital [/0 board 0 Imitializing Board 0 [chip #=mput, Y=output, £=output] .,
13:20:11 Digital 1/0 board 0 Found board rumber 0.
1320:11 Drigital [/0 board 0 Board O Madel is 272, comect,
132011 Digital |/0 board 0 Chip #0 available

13:20:11 Drigital [/0 board 0 Setting chip #0 to input
132011 Digital 140 board 0 Chip #1 available.

13:20:11 Digital [/0 board 0 Setting chip #7 to output
132011 Digital 1/0 board 0 Chip #2 available.

132011 Digital 1/0 board 0 Setting chip #2 to output
13:20:11 Digital 1/0 board 0 DIO board: INIT SUCCESSFUL

Y ou can save the log to disk using the File / Save As menu command, or by pressing Ctrl-S.

6.3.1.3 Digital line status

—— -
Line.. [ 140 | State | Pegged | Ownestt | Ownes name | Fst aliss | ON mvent | OFF ev... | Satety timer | Feset state | Hardwar ~

1} Input Leave Board 0.
1 Input Leave Board 0.
2 Input Leave Board 0, __|
3 Input = Leave Board 0.
4 Input > Leave Board 0,
5 Input = Leave Board 0.
(] Input 25 Unnamed-25 MOSEFPDKE Leave Board 0,
7 Input 25 Unnamed-25 LEFTLEVER Leave Board 0.
8 Input 25 Unnamed-25 RIGHTLEVER Leave Board 0.
3 Input = 25 Unnamed-25 LOCOBEAM_FRONT Leave Board D,
10 Input 25 Unnamed-25 LOCOBEAM_MIDDLE L mave Board 0,
11 Input 25 Unnamed-25 LOCOBEAM_REAR Leave Board 0.
i2 Input 21 Second-order WS4 [box 2] NOSEFOKE Locomotar_Mos... Leave Board 0.
13 Input 21 Second-order IVSA, (box 2] LEFTLEVER Active_Lever Leave Board 0,
14 Input 21 Second-order IVSA [box 2] RIGHTLEVER Inactive_Lever Leave Board 0.
15 Input e 21 Second-order IVSA [box 2] LOCOBEAM_FRONT Locamotar_Front Leave Board 0.
16 Input 21 Second-order WS4 [box 2] LOCOBEAM_MIDDLE Locomotor_Middle Leave Board 0.
17 Input 21 Second-order IVSA [box 2] LOCOBEAM_REAR Locomotor_Rear Leave Board 0,
18 Input Leave Board 0.
19 Input Leave Board 0,
20 Input Leave Board D, &
q ol

Lists every digital 1/0 line available to the server. All boards and lines are numbered from
zero. The fields are as follows:

e Line#. The line number.
e |/O. Whether this is an input or an output line.
o State. If the line is on, '##H#' appears here. If it is off, nothing is displayed.

¢ Pegged. Whether the line has been forced ON or OFF by you, the person operating the
server console. If nothing is displayed here, the line is free to be controlled by the client (for
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output lines) or the physical device (for input lines). Pegged lines are displayed with
coloured backgrounds to make them stand oui.

e Owner. Name of the client that has claimed this line.

e First alias. The name that the client first used to refer to this line. This might be something
informative, like '"Houselight'.

e 'On' event. (For input lines.) The message, if any, that will be sent to the client whenever the
line is turned on.

o 'Off' event. (For input lines.) The message, if any, that will be sent to the client whenever the
line is turned off.

o Safety timer. (For output lines.) For critical lines, like intravenous infusion pumps, the client
can ask the server to make sure that the line is switched on or off if the client hasn't
mentioned it for a while. This display might say 'OFF after 10000 ms, for example; then if the
client crashes, the server will ensure the line is not left on accidentally.

¢ Reset state. (For output lines.) When the client releases the line, the server can leave it in
whatever state it was in, ensure that it is off, or ensure that it is on. This display tells you what
the client has chosen for this particular line.

e Hardware description. Thisis an aid to finding the physical connections associated with this
line. If you have eight I/O boards, each with 72 lines, you might have difficulty finding line 524
— this display should tell you that line 524 is on board 7, channel X, line C4.

e Server device group. The server may be configured to give names to its devices and assign
them to groups. If the server is using a device definition file and this device has been named,
its device group appears here.

e Server device name. Similarly, its device name appears in this column.

e State. The state is repeated on the far right-hand side.

Tips

1 3

Some of thefidld may not initidly be visible. Usethe scroll bars to move down or to theright.
You can resize dl of thefidds on any list-likedisplay by draggingthe edges of the field headings. In this manner,
you can bring the line number and the hardware description into view at the sametime, which may be very useful

for wiring up asystem.)

If you click on aline, it will be highlighed and selected, likethis:

Line number| 1/0 | State | Pegged | Dwnerﬁl Owner name | First alias ON event OFF event
0 Input

1 Input

2 Input

3 Input

4 Input 1 Test Client Lever LeverFressed

5 Test Client MNaozepokeDetectar AlooveE ntered Alooveleft
5 Input

7 Input

8 Input

q [

When a line is selected, the Line menu will refer to that line.

6.3.1.4 Analogue line status
(TO BEADDED.)
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6.3.1.5 Audio devices

" [ Devicet | L/R/steren | Physical device number | Description | Module | Owrer # | Owner name
i] Steren 0 Primary Sound Driver 0 Test Client
1 5 1 Creative 5ound Blaster PCI EST1a70MP syz 1] Test Client
2 Stereo 2 tMaodem #0 Line Playback .. ‘waveOut 0 1] Test Client
3 Stereo 3 tModem #0 Handset Playba... ‘wWaveOut 1

Lists every audio output device in use by the server. (These may be configured via Configure
hardware — Audio devices).

e Device#. The device number. Devices are numbered from O.

e L/R/stereo. If this shows 'stereo, the whole audio device is being treated as a unit. If this
says'L' or 'R', then the audio device represents a stereophonic sound card that has been split
into two separate channels (left and right), to double the number of available (monophonic)
sound devices. Note that some poor-quality sound cards exhibit 'bleed’, such that sounds
intended to come only from the left channel are audible (albeit quietly) on the right channel;
these sound cards are probably unsuitable for splitting.

¢ Physical device number. The physical device number, as reported by Windows. (If you
have split a sound card, two devices will have the same physical device number.)

e Description. The device description provided by Windows.

e M odule. The sound module supporting the device, as reported by Windows.

o Owner #. The number of the client that owns the device at present.

e Owner name. The name of the client that owns the device at present.

e Number of buffers loaded. The number of sound buffers currently attached to this device.

e Server device group. The device group, as defined in the server's device definition file.

e Server device name. The device name, as defined in the server's device definition file.

When an audio device is selected in the list, you can test it individually (see Audio Menu).

6.3.1.6 Display devices

Deviced ] Physical/virtual ] Driver name ] Dririver description ] Test pattern ] Ownert ] Owner name
dizpl Frirnary Dis SHOWING TEST PATTERMN

Wirtual Client driver Client-owned display devie... - 0 Test Client

Lists every physical display device (monitor) in use by the server. (These may be configured via
Configure hardware — Display devices).

e Device#. The device's number. Devices are numbered from O.

e Physical/virtual. Physical devices represent monitors connected to your computer, which
clients may take control of. Logical devices are windows on the desktop that clients may
create freely. (Only physical devices are shown on the server's summary; virtual devices are
shown in clients' summary views.)

¢ Driver name. The name given to the device by Windows (or 'Client driver' for virtual
displays).

e Driver description. The device driver's description, provided by Windows (or 'Client-owned
display device).

e Test pattern. Whether the device is showing a test pattern or not. Test patterns can't be
shown on devices that have been claimed by a client.
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e Owner #. The number of the client that owns the device at present.

e Owner name. The name of the client that owns the device at present.

e Device name. The name that the client has given the device (only applicable to virtual
displays).

e Current document. The document that is currently being displayed on the device (or would
be being displayed, were a test pattern not overriding this option).

e Server device group. The device group, as defined in the server's device definition file.

e Server device name. The device name, as defined in the server's device definition file.

¢ Detailed operational information. Screen size (with and without any border), whether or
not the device is scaling documents, etc.

6.3.1.6.1 Physical display X - view s of individual displays

Each physical display device has its own entry in the left-hand tree, under Display devices.
Choosing one of these views lets you see a copy of whatever is happening on that display device.
This is useful if the physical monitor is hidden inside an operant chamber! There are a number of
further things that you can do with this view; they are discussed with the Display menu.

6.3.1.7 Touchscreens

Device (D Digplay device receiving touches
1 ]

Lists the touchscreens (by device 1D) and the display device they are attached to.

6.3.1.8 Clients

[ Client | Mame [ status

19 Second-ceder WEA [bok 0] Bow 0 [mi5) - active 377, inactive 5
21 Second-ceder WEA [bok 2] Bow 2 [m23] - active 141, inactive 1°
22 Second-weder [V5A [bok 3] Bow 3 [m2d] - active 109, inactive 2,
23 Second-der IVEA [bok B]  Bou S [m2E] - active 108, inactive 2%
24 Second-ceder [VEA [bok 4] Bow 4 [m25) - achve 98, nactive 9,1
25 Urmamed: 25

4]

Lists all connected clients, together with their name (supplied by the client), current status (supplied
by the client), time since the client last communicated with the server, and whether any network
errors have occurred while trying to communicate with this client.

Note that clients are assigned numbers by the server (starting with 1, and ticking up for as long as
the server is running). These numbers usually bear no relationship to the box number being used, or
to anything else — they are merely a way of keeping clients separate. Good clients will provide a
name to the server, giving more useful information: "Second-order 1V SA, box 4", for example. This
replaces the "Unnamed-1", "Unnamed-2", etc, which the server assigns to clients before they have
provided a proper name.

o Client #. The client number (see above).

e Name. The client's name, as reported by the client itself.

e Status. The client's status, as reported by the client.

e Time since last communication. The time elapsed since the client last sent a message to
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the server.
e Network status messages. If a network failure is detected, an error message will appear
here.
6.3.2 Views pertaining to individual clients

6.3.2.1

For each client, there is a further tree branch with views pertaining to just that client.

=1 Clients
B Client 0 - TeztClient
Information.status
Ewvent log
Communications log
Timer events
Diigital lines in Lge
Aliazes for digital lines
Analogue linez in uze
Alazes for analogue lines
Audio devices in uze
=+ Dizplay devices in uze
Phyzical dizplay 0
=1 Dizplay documents
Diocument: bob

Note: when clients disconnect or are deleted

When a client is disconnected, there may be a brief (<1 s) delay before its displays vanish from the
server console. This is a consequence of the way WhiskerServer's multiple threads operate
internally. As a result, during this time it is possible that displays show the message ‘Internal pointer
error' (as they are till trying to display a client that no longer exists). This is nothing to worry
about. (If the message persists for much longer, that suggests a bug! Report it to rudolf @pobox.
comwith details of which view it was and the circumstances, especially if it is repeatable, and

choose View — Refresh to refresh your views.)

Information/status

Name: Second-order IVSA [box 3]
Status: Box 3 [m24] - active 132, inactive 2, stim B0, reinf b - Task started.

IP address: 127.0.0.1 [this is a local client]
Client serial number: 22
Last communication was 00:02:06 ago

Network status message, if any.

Gives the client's name (supplied by the client), status (supplied by the client), the IP address of the
computer the client is running on, an arbitrary serial number, the time since the client last sent
anything to the server, and whether any network errors have been noted by the server while trying
to communicate with the client.
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6.3.2.2 Eventlog

J 1 Time ] Source | Message
18:18:49 Client 16 - FeportS tatuws
18:18:50 Client 16 -- ReportStatus
18:18:50 Client 16 --- ReportStatus
18:18:56 Client 16 = SelState line 70 to 0
18:18:56 Client 16 - SetState line 71 o0
18:18:56 Client 16 -- Request TimerE vent
18:18:56 Client 16 - SetState line 65 to 1
18:18:56 Client 16 - SetState line 64 to 0
18:18:56 Client 16 -- Reguest TimeiE vent
18:18:56 Client 16 - SetState line 68 to 1
18:18:56 Clierit 16 - Fequest TimeE vent
18:18:56 Client 16 --- RepaortStatus

This view shows significant events that pertain to this client (assuming its event log is enabled).
This will include all commands issued by the client to the server.

Y ou can save the log to disk using the File / Save As menu command, or by pressing Ctrl-S.

6.3.2.3 Communicationslog

Time | Source | Message

181726 Server Event: Locomotor_Middle

18:17:26 Server Event: Locamotor_Front

1817:26 Server Event: Locomotor_Fear

181727 Server Event: Locomotor_Fromt

1817:32 Server Event, Active_Lever

18:17:32 Client ReportStatus Box 5 [m11] - active 482, inactive B8, siim 46, reinf 4 - Task started.
18:17:32 Server Event; Active_Lewver

18:17:32 Client ReportStatus Box 5 (m11] - active 483, inactive B8, stim 46, reinf 4 - Task, stated.
18:17:32 Server Event: Active_Lewver

181732 Client SetState STIMULUS on

18:17.32 Client SetState HOUSELIGHT off

181732 Cliert RequestTmerEvent 10000 _zps51

181732 Server TimerCreated: duration 1000, reloadcount 0

18:17.32 Client RequestTimerE vent 1000 0 Unit_Schedule_Finizhed

181732 Server TimerCreated; duration 1000, reloadcount 0

18:17:32 Client ReportStatus Box 5 [m11] - active 484, inactive 58, siim 47, reinf 4 - Task started.
18:17:33 Server Event Unit_Schedule_Finshed

18:17:33 Server Event: _spshl

18:17:34 Server Event: Locamator_Middle

18:17:34 Semver Event: Locomotor Rear

This is a display primarily for debugging, as it can accumulate huge numbers of messages. It
displays everything that has passed between client and server (assuming the communications log is

on).

The Source column also shows whether a 'main’ or ‘immediate’ socket was used (described in
detail in the Whisker Programmer's Guide); the source of the message is given as Server, Client,
Server-IMM or Client-IMM (where -IMM denotes an immediate socket).

Y ou can save the log to disk using the File / Save As menu command, or by pressing Ctrl-S.
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6.3.2.4 Timer events

Temer svent

| Buration [ms)

Session_Frnizhed 7200000
Locomotor_Bin_Finshed 1200000

| Time o go [ms] | Time to go(min) | # Reloads to go
0

7173611 119
1185104 19 Infirite

Displays every timer currently in use by the client. Y ou see the name of the timer (i.e. the event
that is sent to the client when the timer expires), its overall duration in milliseconds, the time left
before the timer expires (in milliseconds and in minutes), and the number of reloads left.

6.3.2.5 Digital linesin use

Ling riumber I 140 | State ] Fegged I Oz | Disresi name | First alias

4B Oubput === 22 Second-order IV5A [box 3] HOUSELIGHT

43 Output 22 Second-order IV5A [box 3] LEFTLIGHT

A0 Oustput 22 Second-order IVSA [box 3] RIGHTLIGHT

A1 Clubpit 22 Second-order IVSA [box J) TRAYLIGHT

52 Dulput 2 Secondorder VG4 [bee 3] FUMP

53 Ozt s Secord-ordar [VSA [bex 3) DIFFER

54 Output ™ 22 Second-ordar [V5A [box 3) LEFTLEVERCONTRO
55 Output ™ 22 Second-order V54 [box 3) RIGHTLEVERCOMTA
72 Irput 22 Secondorder WS4 [box 3] NOSEFOKE

73 Irput 22 Secondorder W54 (boee 3] LEFTLEVER

T4 Irpuat 22 Second-order [VSA [box 3) RIGHTLEVER

75 Input e 22 Second-order V54 (box 3) LOCOBEAM_FRONT
TE Input e 22 Second-order [V5A [box 3] LOCOBEAM_MIDDLE
i Input 22 Sacond-order [V5A [box 3] LOCOBEAM_REAR

The view is identical to the server line view, but only shows lines claimed by the current client.

6.3.2.6 Aliases for digital lines

Line number

| Aliss

48

SRRSO AREEDN S IE8E

HOUSELIGHT
LEFTLIGHT

RIGHTLIGHT

STIMULUS

TRAYLIGHT

PLMP

REINFORCER

DIFPER
LEFTLEVERCONTROL
INACTIVELEVERCONTRADL
RIGHTLEVERCONTROL
ACTIVELEVERCONTROL
NOSEPOKE

LEFTLEVER
INACTIVELEVER
RIGHTLEVER
ACTIVELEVER
LOCOBEAM_FRONT
LOCOBEAM_MIDDLE
LOCOBEAM_REAR

The view normally lists aliases in the order they were defined. Click on the phrase Line nunber to

sort by line number instead.
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6.3.2.7 Analogue linesin use
(TO BE ADDED.)
6.3.2.8 Aliases for analogue lines
(TOBE ADDED.)
6.3.2.9 Audio devicesin use
" [ Devicett | L/R/steren | Physical device number Description | Module Owner § Owrer name
Prirnany S ound Driver [l Tezt Client
1 Steren 1 Creative Sound Blaster PCI ES1370MP syz i} Test Client
2 Steren 2 Modem BO Line Playback .. ‘WawveOut 0 i} Test Client
Lists the audio devices currently controlled by the client. (See the equivalent server view for a full
description of the columns.) When an audio device is selected in the list, you can test it individually
(see Audio Menu).
6.3.2.10 Display devicesin use

] Dririver description ] Test pattern ] Ownerl ] Owner name

Primary Dizplay Driver
Client-owned display devie... - 0

Deviced ] Physical/virtual ] Driver name

SHOW/ANG TEST FATTERM

Wirtual Client driver Test Client

Lists all the display devices — physical or virtual — in use by the client. (The fields were
described in detail earlier.) If a display is virtual, the Device number, Driver name and Driver
description columns are uninformative but the Display name field contains the name given to the
virtual display by the client.

When a display is selected, the Display menu operates on that line.

6.3.2.10.1 Views of individual displays

i Edt Yew Serw [harl L Sadc Doper Jouctooesn  Halp
=-whiskererve
Sareer gy
Sapewr avent log
e shabus
= Display cencss
Physicad diplay 01
Ehad Ceates
= Chenks
= Chent rusmbess - Tast Clent
Indpamsiondiiahg
Evend kog
Comuvarecaions kg
Tiwe everty
Lirgss in uze
Bhaves for nes
= Duoplgs dewicess i ki

“Wituad driplag - bob
“Wbuad drpdag - sinalid
w1 Divipdags dicusmieits
B devices Fise

o | o
or Hedp. pres= F1

A server console view of a monitor that is displaying some bitmaps.

MM
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Each display controlled by the client has its own entry in the left-hand tree. Choose these items to
see a copy of that display device. Thisis useful if the physical monitor is hidden inside an operant
chamber.

The Display menu allows you to do things with these views.

6.3.2.11 Display documents

D ocumentt ] D ocument name ] Mumber of objects ]
5 C5_pluz 1
B C5_miruz 1
7 C5_both 2

Clients create documents which they can then show on any of their displays. This view shows a
summary of those documents.

e Document #. The document number (only used internally).

e Document name. The document's name. Clients create and address the document using this
name.

¢ Objects shown. The number of objects (e.g. bitmaps) present in the document.

e Objects in cached version. The number of objects (e.g. bitmaps) present in the cached
version of the document, if there is one. Caching is a technique that allows complex
documents to be built up "behind the scenes”, so that the whole new document can be
displayed very quickly without flicker.

¢ Detailed information. Gives the document's size, whether or not caching is in use, etc.

6.3.2.11.1 Views of individual documents

= whiskerGerver

Fis Edt Yew Dever [l Line fadc Diplay Jouchomesn Halp

= whithar v
Semner shans

Sampary wpani g
Line shauy
¥ Dliplay demcey
Ehad ceanen
- Clhanks
=1 Chand rawvkes: 1 - Tast Chant
Irdoavistiondsladin
Evesnl kog
Convarisrecabons kg

o
For Hedp, pross F1 MM

Each document is entered onto the left-hand tree so you can view them.

As documents only respond to mouse/touchscreen events when they are being displayed, the
server's view of a document will never respond to the mouse; nor can it be scaled. (Views of
displays, on the other hand, do support these features.)
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6.4 The Menus

File Edit Miew Configure hardware Server Client Line  Analogue  Audio Display  Touchscreen  Help

6.4.1 File

2 whiskerServer

File Edit Wiew Configure

Save as... Ckrl+5
Prink. .. Ckrl+P
Prink Preview

Prink Setup. ..

Exik

The File menu is available all the time. It does two useful things.

(2) If you are looking at one of the server's logs, such as the server event log, a client event log, or

a client communication log, you can use the Save As command to save the log to a text file on
disk.

(2) It contains the Exit command, used to stop WhiskerServer. WhiskerServer will request
confirmation before closing:

WhiskerServer x|
Server iz running.
Shut down and exit Whisker server?

Cancel |

If clients are connected, closing WhiskerServer will interrupt them and may screw up an
experiment. Therefore, additional confirmation is requested:

WhiskerS erver E

There are clients connected!
Clozing the zerver will leave them stranded.
Are you sure you want ta shut down the Whisker zerver?

If you confirm, the server will then close.
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6.4.2 Edit

Edit Yiew Server

Undo Chil+Z

The Edit menu is not very helpful.

6.4.3 View

Wiew Server Client Line

Refrezh all views F5

v Statuz Bar
Full zcreen

Refresh all views simply starts the views from scratch, ensuring that all the data they are
displaying is up to date. Y ou shouldn't need to use this, as all the views should be up to date all the
time! It's just here in case I've made a programming error. If you think that the WhiskerServer
ever fails to reflect what's going on 'under the hood', feel free to try this; it won't do any harm. If
you find a bug, please report it to rudolf @pobox.com

The Status Bar option enables you to turn on and off the status bar (at the bottom of the window).
The status bar tells you the function of all the menu items (watch it as you move the mouse over
the menu).

Full screen expands the server display until it fills the whole screen. Press Escape to return it to
normal (or use the menus, which are still accessible via AL T-key shortcuts).
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6.4.4 Configure hardware

Configure hardware

|Q:nnfigure hardware Server Client Line Analogue Al

Set server device definition File...

amplicon 1) hardware. ..

BMC Controllers and [ or Advantech IO hardware. ..
IS Advent (32C554) IO hardware. .

ational Instruments | Lafayette AEET hardiware, . .
Serial part (COM) devices. ..

Lafayette CAMTAE LUSE hardware, .,

Berlin netwark IO contraller., ..

'Eake' (debugging) 10 lines. ..

Configure Failsafe oukputs, .,
Set digital input alert threshold. .

Display devices. ..
Touchscreens. ..
Set UPDD w4 directary. .,

Audio devices., ..
Fake audio devices. ..

Set server device definition file. This chooses the text file used to give devices sensible names.

Amplicon 1/0O hardware. This configures Amplicon digital input/output cards, based on the 82C55
chip.

Advantech 1/O hardware. This configures Advantech /O cards.

ICS Advent (82C55A) 1/0 hardware. This configures ICS Advent (a.k.a. Kontron) I/O cards
based on the 82C55A chip. Deprecated hardware.

National Instruments / L afayette ABET hardware. This configures ABET hardware from
Campden I nstruments, based on the National I nstruments PCI-D10-96 card, itself based on the
82C55 chip.

Serial port (COM) devices. Configures serial ports for use as simple digital 1/0 lines.

L afayette CANTAB USB hardware. Configure Lafayette USB digital 1/0 devices.

'Fake' (debugaing) I/O lines. This configures 'fake' input and output lines; this may be useful for
testing programs on a computer that does not have digital 1/0 hardware fitted.

Configure failsafe outputs. This dedicates special digital output lines to control failsafe relays.

Set digital input alert threshold. This configures a self-monitoring facility, whereby if large
numbers of input lines change state simultaneously (which may indicate a cable fault) an alert is
generated.

Display devices. Configures display devices (monitors).
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6.4.4.1

Touchscreens. Configures touchscreens.

Set UPDD v4 directory. Configure the location where UPDD version 4 lives.

Audio devices. Configures sound output devices.

Fak e audio devices. Configures 'fake' audio devices, useful for running tasks that require sound,
silently, on a computer with insufficient sound cards.

Amplicon I/O hardware

Configure hardware — Amplicon I/O hardware

Configure Amplicon digital I;0 boards

i
You may install up to 8 of the PC272E or PCI272 boards [with 72 10 lines per board).

E ach board haz three chips on it [chips =, Y and 2], and each chip can be configured to uze 24
IMPUT linesz, 24 QUTPUT lines, ar a MEXED configuration. Cancel

To drive Amplicon EX213 cardzs, uze OUTPUT. Ta dive Amplicon EX230 cards, uze INPUT.

To drive Amplicon Ex<221 cards, uze the MIXED Ol option, which gives 8 outputz and 18 inputz [in
that order). The MIEED 100 option, for cugtom hardware only, gives 8 inputz and 16 outputs [in that
arder].

Pleaze configure your inztalled boards. Any changes vou make will be stored in the registy and will
take effect the nest time vou stark WhiskerServer,

[The hardware zettings for the boards themzelves should be configured az per the Amplicon manuals,
wvia Control Fanel ¢ Amplicon D10 under MT; Device Manager under "Windows 2000

~Chpx————— rChpY——————— pChpd———— Revane
Ilze if auT 1IN Miked Mixed outT IM  Miked Mixed OUT IM Mized Mixed
inztalled o oo ] o 1oa ouT IM
Board 0 v (U U S = C [N S S rr
Board1 v [ O S = C v . rr
Board 2 v [ CE S LI S S LI S S rr
Board 3 ¥ [ O S LI S S LI S S rr
Board 4 ¥ [ O S LI S S LI S S rr
Board5 ¥ [ C S LI S S LI S S rr
Board 6 v (U U S = C [N S S rr
Board 7 v [ CE S = ¢ v C rr

There may be up to 8 Amplicon digital 1/O cards (a limit set by the Amplicon drivers). Y ou can
choose whether to use each one, if it is installed. (Choosing to use a nonexistent card does no
harm! So by default, all the "use" boxes are ticked.) Each card has three 82C55 chips, termed X, Y
and Z. Each chip controls 24 lines, and can be configured to have a 24-input card plugged into it, a
24-output card, or a'mixed’ card with 16 inputs and 8 outputs (the EX221; the outputs are the first
eight lines, so it's denoted Ol here). From 22 August 2006, Whisker Server also supports custom
hardware with a different mix (8 inputs, then 16 outputs, denoted 100 here).

Y ou should set the map up so it matches your hardware.
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Y ou can also choose whether to reverse the logic of the card's inputs and/or outputs.

Remember, to configure the interrupts and port addresses for each card, use Start — Settings —
Control Panel - Anmplicon DIO under Windows NT, or Start — Settings — Control Panel —
System — Hardware — Device Manager — Anplicon DIO under Windows 2000.

Changes will not take effect until you restart the WhiskerServer program.

6.4.4.2 Advantech / BNC controller I/O hardware

Configure hardware — Advantech 1/0O hardware

Configure Advantech and BNC Controller ha x|

Fleaze zelect whether each port [block of 8 lines] iz input or 0k
autput for each of your installed cards. Changes take effect _

when the server iz restarted. Cancel |
Select Advantech card IEaru:I 1] vI
For 'programmable’ cards: [1] specife [0 mix belove; [2] the BMC contraller iz

supported if there are enough linez. For non-programmable cards [1] the |0 mix
will be read fram the card; [2] the BMC controller isn't supported.

v Use thiz board, if it iz installed [ Use board with BMC contraller

R everse logic for thiz cand's ; [ input lines [T output lines
I OUT IN OuT
Part 0 [0-7] o Port12 (96103 &
Part 1 [8-15] = Port 13[104-111] &
Part 2 [16-23] [ Port 14 [112119) &+
Port 3 [24-31] L ) Port 15[120-127] &
Part 4 [32-39) - Port 16 [128-135) &+
Port 5 [40-47) = Port 17 [136-143) &+
Part £ [48-55] v Port 18 [144-151) &+
Paort 7 [56-63] v Port19(152-153) &+
Part 8 [B4-71] v Port 20 [160-167] &+
Port 8 [72-79) v Port 21 [168-175) &
Port 102087 & & Port 22 [176-183) &
Port 11 [8895] Port 23 [184-191) &

Mozt cards have legs than 24 ports. A 12 port (96 line] card and 12 port
extender will appear as a single 24-part [192 line] card.

Y ou may have up to 8 Advantech cards installed on a machine. Y ou can choose whether to use
each one, if it is installed. (Choosing to use a nonexistent card does no harm, so by default, the
"use" box is ticked.)

Y ou may also choose whether to reverse the logic of the inputs and/or outputs. This setting will
effect all lines controlled by the card, whether they are attached via a BNC system or directly
attached to the Advantech hardware.

Changes will not take effect until you restart the WhiskerServer program.
Advantech cards may be programmable (you can tell it which ports are to be used as inputs and

which as outputs) or non-programmable. The port map shown only applies to programmable
cards - for non-programmable cards, the input/output mix is read from the card itself when
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Whisker (re)starts (and the port I/0O map in this dialogue box is ignored). The BNC controller is
only supported via programmable cards.

If "Use Board with BNC controller' is ticked" Whisker will attempt to find a Campden BNC
system attached to this card.

Please Note:

o If aBNC systemis attached and powered up when WhiskerServer starts, the number and
configuration of all attached 10 cards will be detected automatically, and all the cards will be
available.

¢ If no system is attached, or the BNC contraller system is not powered up when the
WhiskerServer starts, none of the 1O cards will be available (i.e. neither lines from the
Advantech card nor BNC controller system) will be available.

e This option can only be selected with one of the installed Advantech cards at any one time
(multiple contrallers can, however, be 'piggy backed' from a single card).

6.4.4.3 ICS Advent I/O hardware
Configure hardware — 1CS Advent (82C55A) 1/0 hardware

Configure ICS Advent PCDIOZ4B-P [zingle-ch ﬂ

o may ingtall up to 3 105 Advent PCOI024E-F 154 cards. Each has 24 10 lines.

The 24 linez are divided into port & (lines 0-7), port B [lines 8-15], and port C

[16-19 lawer half: 20-23 upper half). Each of these blacks of linez can be Cancel
configured as either inputs or outputs.

Please configure up to 8 boards. &ny changes vou make will be stored in the registny and will take
effect the next time you start ‘WhiskerServer.

CAUTIOMN - DEFRECATED HARDWARE. Yau must specify the boards' | /0 baze address(es).
IInfartunately, the drivers do *not* prevent WWhisker fom writing to addresses that are non-existent
addrezzes or in uze, and YWhizker cannat find out directly from SWindowes.

THEREFORE IT IS HIGHLY DAMGEROUS TO EWTER ADDRESSES THAT DO MOT
CORRESPOMD TO IMSTALLED ICS ADYVEMT 54 CARDS.

Select ICS card: |Card 0 - v Use board
Baze address [hex] |200 - 0x303

Reverze logic for thiz card's : IV Set Port & (0-7] to INPUT

[ SetPort B [3-15] to INFUT

[ Set Port C, lower half [16-19] ta INPUT
[ Set Port C. upper half [20-23] ta INPUT

[ Input lines
[ Output lines

Y ou may have up to 8 ICS Advent cards (82C55A chips). For each card, set the card's I/O base
address, and choose which ports are to be used as inputs and which as outputs. Y ou can also
choose whether to reverse the logic of the card's inputs and/or outputs. Changes will not take
effect until you restart the WhiskerServer program.

This hardware is supported as it was/is used by the original M onkey CANTAB system
(supplied by Cambridge Cognition Ltd). The original Monkey CANTAB was a DOS-based
program that expects a single 82C55A chip at 1/0 address 0x300.
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For details of 1/0 address assignment and why this is a dangerous card, see
e Installing ICS Advent hardware
e The ICS Advent PCDI0O24B-P card

6.4.4.4 National Instruments/ Lafayette ABET hardware

Configure hardware — National Instruments/ Lafayette ABET hardware

x|

Mational Instruments [M1] PCI-010-96 cards are 96-way 1/0 cards. They are numbered from 1 to B4,
MI PCI-6509 cardz are functionally identical [though only supported wunder MIDAG -mz).

Select M card [1-64]; |1 3: Cancel |

¥ Use this card, if it i installed

Equipment tupe;

™ Plain PC-DI0-96/PCI-6509 card, contralled directly,

% Lafapette ABET [latched; cannot detect 'off' events] Murmber of AEET interfaces: |4 3:
i~ Lafaypette ABET [unlatched; can detect 'off* ransitions]

AIABET hardware groups lines into interfaces providing 48 linez each (15 inputs, then 32 outputz).

ABET-I hardware does nat uze the last byo autputs [they're dedicated to power] but these lines [at Lafayette's
preference] remain vizible in Whizker and should be ignored in the device definition file.

Some ABET-Il egquipment haz a cable to zplit one interface to two operant chamberz.
= Wwihen configured) &z & plain PE-DIE-96/FL-E508 card).

Beverse logic for thiz cardlz . [T inputlines [T outpublines

M @ N G
Fart 0)(0-7) ‘. PotE[48-55] € %
Port 1 [5-15] ‘. Port 7 [56-63] '
Pot2[1E-23] & PotB[E471] € &
Pot3[24-31] & e e [ g
Portd[32-39) & Port 103087 € &
Port 6 [40-47] & = P g

—YWhen configured for ABET hardware...
Fefrezh outputs every |1 aa pollz [ for never; not neceszsany for reliable hardware; 1 poll typically = 1 mz]

—"When configured for ABET hardware with latches. ..

[1] The zard can contral up to 16 interfaces [FEE devices], but far practical reasons this is capped to 4
interfaces [each with 16 inputs and 32 outputs]. The spstem is multiplexed.

[2] Individual inputs can only detect devices going on [zhaorting an input to ground], not devices going aff.
See the "Whizker Help for full details.

To detect “off" ranzsitions, a device must be wired to bwo input lines - one as an "on'* detectar and one as an
"off"" detectar.

YWhisker can pair these bwa input lines together ta give a single virtual ine that responds to Von'' and "aff'!
tranzitions. The wirtual line replaces the "o line, and the “off*" line iz not available for use diectly.

Select multiplexer set [1-4: |1 - [ABET: multiplexer zet = chamber; ABET-Il: zet = 1-2 chamberz]
Within thiz zet, the following input lines [numbered 1-18] are paired [ABET-l: 1-8 chamber &, 3-16 chamber B]:
Add pair | Move up |

Remowve pair | b ove down |

This configures ABET hardware from Lafayette (USA) or Campden Instruments (UK), based on
the National Instruments (NI) PCI-DIO-96 card, itself based on the 82C55 chip.
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e By default, the newer NI-DAQmx library is preferred to the older NI-DAQ Traditional
library for communicating with NI cards. This option chooses the order in which the libraries
are tried (tick for mx then Trad; untick for Trad then mx).

e Select an NI card to configure. National Instruments devices are numbered from 1-64 by the
driver software (e.g. National I nstruments Measurement & Automation Explorer)
supplied with the PCI-DIO-96 card.

e Choose whether to use the selected device. It does no harm to attempt to use non-existent
cards, so by default all cards are selected.

e Choose whether the card is to be used on its own, as a plain 96-way digital I/O card, or
whether it has L afayette ABET hardware plugged into it, and of which sort.

e |f you have ABET equipment, specify the number of interfaces attached to it (from 1-4).
Each interface communicates with 48 digital lines, of which 16 are inputs and 32 are outputs
(though in some configurations only 30 outputs are actually used; see below). (The I/O card
itself could deal with 16x48 lines using this multiplexing system, but there is a cap of 4x48 with
the ABET multiplexer for practical and timing reasons.)

PLEASE NOTE: The ABET hardware with latches cannot detect OFF transitions on inputs
(input devices going off) using a single wire -- merely devices going on. To detect devices (e.
0. levers) going off as well as on, you need to wire them to two inputs -- see below.

e |f you are using the NI PCI-DIO-96 card as a plain 96-way digital 1/0 card, choose
whether each of the twelve ports (numbered from 0 to 11) should be configured for input or
output. Each port controls 8 digital lines. By defaullt, the logic used by the card is the TTL
system: +5V DC means "on", and 0V means "off". Y ou can choose whether to reverse the
logic for the input or output lines.

e |f you are using the ABET system from L afayette, the configuration is very simple - all the
details are handled for you. All you need to do, if you wish and if you have the ABET
hardware with latches that cannot detect OFF transitions, is to configure pairs of input
lines to be merged into asingle virtual line that can detect devices going OFF as
well as going ON. Full details are given below. Y ou can add, remove, and re-order the
pairs (re-ordering is merely cosmetic!).

Pair two ABET lines to create one that can detect b ﬂ

Input line that detects ON events [1-16): |1
[nput line that detects OFF events [1-16]: |2

The “on-detecting' ling will appear to be an “on-and-aff-detecting'’ line. The "off-detecting" line

will be hiddet fram clients.
Ok, | Cancel |

¢ Oh, one more thing (Oct 2009)... some ABET hardware is quite sensitive to static electricity

(report from Lafayette, Oct 2009). To deal with this, Whisker can refresh the outputs (to make
sure they're doing what they're meant to be doing). For ABET hardware, you can specify how
often to do this ("Refresh outputs every X polls”). Typically, one pall is 1 millisecond (see
Server > Set internal timer resolution). The default is every 100 polls (every 100 ms). Setting this

to zero disables this additional hardware output refresh.

PCI-DIO-96 card and cable connections to Lafayette ABET hardware
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has a 100-way socket on the back. The card pinouts (for a NI 6508/6508/PCI-DI0-96) look like

The NI PCI-DI10O-96 card (provided by Lafayette as item 81404) is installed in the compuiter. It
this (using the pin names as referred to by the NI-DAQmMx software):

P27
P5.7
P26
P5.6
P2.5
P5.5
P2.4
P5.4
P23
P5.3
P22
P5.2
P21
P51
P2.0
P5.0
P1.7
P47
P16
P46
P1.5
P45
P1.4
P4.4
P1.3
P43
P12
P42
P11
P41
P1.0
P4.0

P3.7
P06
Fas
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or, with different pin names (as referred to by the older "Traditional NI-DAQ" software):

PB.7
P11.7
PB.B
P116
PB8.5
P11.5
PB4
P11.4
PB.3
Pi1.3
Pa.2
P11.2
P81
P11.1
PB.O
P11.0
PT.T
Pi10.7
P76
P10.6
P75
P10.5
P74
P10.4
P73
P10.3
P72
P10.2
P71
P10.1
P70
P10.0

a7
P66
FaG
P6.5
Pa5
P6.4
Po.4
P63
Po3
Pg.2

Pa.z
F6.1

PaA

P6.0
Pa.0
+3 W
GND

APCT
BPCT
APCS
BPCS
APC5
BPC5
APC4
BPC4
APC3
BPC3
APC2
BPC2
APCA
BPCA
APCO
BPCO
APBT7
BPET
APBG
EFEG
APB5
EBPES
APB4
EPE4
APB3
EBPE3
APB2
EPE2
APBA
EPB1
APBO
EPEO
APAT
BPAT
APAG
BPAG
APAS5
BPAS
APA4
BPA4
APA3
BPA3
APA2
BPA2
APA1
BPAT
APAO
BPAD

+5V

GND

@@ m|a | o] g

= [«>R K>l
[ W 0ud =] ] Fal KR Y PR RO O 0N

-1

1| = =
IR RN

-1
w

-1
[+2]

-1
-1

-1
|-
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CPCT
DPCT
CPCé&
DPCE
CPC5
DPC5
CPC4
DPC4
CPC3
DPC3
CPC2
DPC2
CPC1
DFC1
CPCO
DPCO
CPBT
DFET
CPB&
DFBG&
CPBS
DFBS
CPB4
DFBE4
CPB3
DFB3
CPB2
DFPB2
CPB1
DFBE1
CPBO
DFEBO
CPAT
DRAT
CPAB
DRAG
CPAS
DRAS
CPA4
DRA4
CPA3
DRA3
CPAZ
DFAZ2
CPA1
DRA1
CPAD
DFAD
+ n1v ..c._.

GND

Internally, the card has four 82C55 chips, each with 24 digital 1/O lines. The card is addressed in
terms of 12 ports, each with 8 digital 1/0 lines; each port is configured as a whole for input or
Each 82C55 chip can generate an interrupt upon a low-to-high transition of PC3 and PCO (see the
PCI-DI0O-96 manual: Theory of Operation / Interrupt Control Circuitry). That means that wire
APCO, APC3, BPCO, BPC3, CPCO0, CPC3, DPCO, DPC3 can generate interrupts.

output.
If you are using the ABET hardware, then into the 100-way socket is plugged a cable (an

R1005050 cable) that ends in two 50-way plugs. Their pinouts are as follows:
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APCT | 1| 2 | BPCY CPCT | 51|52 | DPCT
APCE 3|4 | BPCE CPCE | 53|54 | DPCE
APCE | 5| 6| BPCE CPCE | 55|56 | DPCS
APC4 | 7| B | BPC4 CPC4 |57 |58 | DPC4
APCE | 9 |10 BPC3 CPC3 |59 |60 | DPC3
APCZ2 11112 BPC2 CPC2 |B1)62| DPC2
APCT |13 14| BPCA CPCH1 | B3 64| DPCA
APCD |15 |16 | BPCOD CPCO | 85|66 | DPCO
APET |17 18| BPET CPET |67 |6E| DPBT
APBE |19 20| EPBEG CPEE |69 |70 | DPBS
APBS | 21|22 | BPBES CPBS 71|72 | DPBS
APB4 | 23|24 | EPB4 CPE4 | 73|74 | DPBR4
APB3 | 25| 26| BPB3 CPE2 |75 |TE| BPB3
APBZ | 27| 28| BPBEZ CPEZ |77| 78| DPRZ
APB1 | 2930 BPBR1 CPE1 79|80 DPR1
APBO | 31|32 BPBO CPEO | 81|82 | DPRO
APAT | 33| 34| BPAT CPAT |83 |84 | DPaT
APAG | 35| 36| BPAG CPAE [ BS5 |86 | DPAR
APBE | 37| 38| BPAR CPAR |87 |88 | DPAS
AP | 39|40 | BPAd CPad |89 (90 DPad
APAZ | 41|42 | BPAS CPAz 91|92 DPA3
APAZ |43 |44 | BPAZ CPaZ |93 |24 | DpPaz
APl |45 |46 | BPA1 CPA1 | 95|96 | DPAY
APAD |47 | 48| BPAD CPAD |97 |98 | DPAD
+5Y (4950 GND +5% (99 1100 GND

e The two 50-way plugs then plug into a L afayette | nstruments 81403 converter box.

¢ From that emerge two 36-way Centronics-style cables (part 81405, with suffixes -6 or -25 for
the length in feet), which plug into a L afayette I nstruments 81401 ABET starter interface,
which also receives a 28 V DC power supply, via an 81410 power supply cable. This 81401
interface controls the first chamber (chamber number 1). It's impossible to plug the pairs of
Centronics cables in backwards, since the gender orientation of each cable in the pair is
different.

¢ You can stack further interfaces (in the form of L afayette | nstruments 81402 expander
interfaces) on top of the 81401 (they slot together). Each controls one operant chamber,
numbered consecutively. Up to this point, the systemisusing 5V TTL logic.

e From each of the interfaces (81401 and 81402) emerge two 25-way cables (part 81406, with
suffixes -10, -25, or -50 for the length in feet). From this point on, the system uses 28 V. The
two 25-way cables from one 81401/81402 interface plug into a L afayette | nstruments 81408
full 1/0 module connection block, which has screw terminals that devices can be connected
to (16 inputs and 32 outputs) plus 10 modular six-pin (RJ-25?) connectors to control intensity
modules (intensity is controlled in "7 discrete steps’, so this six-pin connector presumably has a
three-bit intensity signal plus power and ground and something else each). It's impossible to
plug the pairs of 25-way cables in backwards, since the gender orientation of each cable
in the pair is different.

e An alternative to the 81408 is an 81409 mini 1/O module, which has screw terminals for 8
inputs and 15 outputs and 5 modular connectors for intensity modules.

The electronic specifications for the ABET hardware are:

e Maximum number of interfaces: 16
¢ Per interface, maximum of 32 outputs, 16 inputs, 10 intensity modules.
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e RNC: Since only 50 pins go into the screw terminal block, and 32+16=48, I'd imagine
that you can't use 32 outputs and 10 intensity modules independently. Yes, confirmed
by the manual: Intensity block 1 uses output data lines 1-3; intensity block 2 uses
outputs 4-6; intensity block 3 uses outputs 7-9; intensity block 4 uses outputs 10-12;
intensity block 5 uses outputs 13-15; intensity block 6 uses outputs 16-18; intensity
block 7 uses outputs 19-21; intensity block 8 uses outputs 22-24; intensity block 9
uses outputs 25-27; intensity block 10 uses outputs 28-30.

e Supply voltage: minimum 22 V DC, maximum 35V DC.

e Quiescent current per interface: 40 mA.

e Maximum output current per interface: 2 A.

e Maximum current per output: 0.5 A.

¢ Maximum output line voltage: 50 V DC.

e Maximum input line voltage: 50 V DC.

e Maximum length between computer and interface stack 25, and between interface stack and

environments (operant chambers) 100

e Power connector: 2.1 mm centre-positive DC jack
Timing resolution: 1 ms.

The signal connections to actual devices work like this:

e An output device is connected to (1) a +28 V DC rail on the screw terminal, labelled "+28
VDC", and (2) the controlling terminal, labelled "OUTPUTS 1...32". Each ABET output line
provides a connection to common or ground when it is activated (and is, presumably,
not connected to anything when it is not activated). Output devices are described as being
wired either with a two-wire connection (e.g. red = +28 V, black = output) or a three-wire
connection (e.g. red = +28 V, white = output, black = common/ground).

e Aninput device is connected to (1) a0V DC commor/ground terminal, labelled "COMMON",
and (2) the sensing terminal, labelled "INPUTS 1...16". The input lines are pulled up to a logic
level high (actually about +4.5 V); the input devices must provide a switch closure to
common (ground) to activate the input. Input devices are two-wire (e.g. red = input, black
= common).

So it's a "short-to-ground = active” system.

Multiplexing system for Lafayette/Campden ABET hardware

The 96-way digital 1/0 card is used to control up to 16 operant chambers, each with up to 16 inputs
and 32 outputs. That's 48 lines per chamber, and therefore up to 768 devices. Clearly, some

trickery is needed to get a 96-way card to control 768 devices, and that trickery is multiplexing.
This is the system in use:

On the PC -D O 96: RNC:

Address outputs (4 bits): APA<3:0> Port 0.3 to port 0.0
- out put

Qutput enable (1 bit): APA<4> Port 0.4
- out put

Servi ce request inputs: DPA<O: 7>( chanbers 1-8) Port 9
- input

DPB<0: 7>( chanbers 9- 16) Port 10

- input

Data inputs: CPA<Q: 7>(i nputs 1-8) Port 6
- input
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CPB<0: 7>(i nputs 9-16) Port 7

- i nput
Dat a out puts: APB<0: 7>(out puts 1-8) Port 1

- out put
APC<0: 7>( out puts 9-16) Port 2

- out put
BPA<O: 7>(out puts 17-24) Port 3

- out put
BPB<0: 7>( out puts 25-32) Port 4

- out put

BPC (port 5) not
used, or used for IRQs, it seens

CPC (port 8) not
used, or used for IR

DPC (port 11) not
used, or used for IR

Alternatively:

#def i ne ABET_ADDRESS QOUTPUT_PORT 0 [/l port O = output (APA) -
address outputs (bits 0-3) and output enable (bit 4)

#defi ne ABET_DATA QUTPUT_PORT_A 1 [/l port 1 = output (APB) -
controlling selected chanber outputs 1-8

#defi ne ABET_DATA QUTPUT_PORT_B 2 /[l port 2 = output (APC) -
controlling selected chanber outputs 9-16

#defi ne ABET_DATA QUTPUT_PORT_C 3 /1 port 3 = output (BPA) -
controlling sel ected chanber outputs 17-24

#def i ne ABET_DATA QUTPUT_PORT_D 4 /Il port 4 = output (BPB) -
controlling sel ected chanber outputs 25-32

#defi ne ABET_UNUSED PORT_A 5 /1 port 5 = UNUSED (BPCQ)
#defi ne ABET_DATA | NPUT_PORT_A 6 /[l port 6 = input (CPA -
nmoni toring sel ected chanber inputs 1-8

#defi ne ABET_DATA | NPUT_PORT_B 7 [/l port 7 = input (CPB) -
noni toring sel ected chanber inputs 9-16

#defi ne ABET_UNUSED PORT_B 8 /1 port 8 = UNUSED (CPQ)
#def i ne ABET_SERVI CEREQUESTPORT_A 9 [/l port 9 = input (DPA) -
service request inputs for chanbers 1-8

#def i ne ABET_SERVI CEREQUESTPCORT_B 10 // port 10 = input (DPB) -
service request inputs for chanbers 9-16

#defi ne ABET_UNUSED PORT_C 11 // port 11 = UNUSED ( DPC)

Addi tionally, Vern Davidson (vern@ afayetteinstrunent.con) comrented that "sonme of
the 1/Ois used as an address for the ABET interfaces (81401 and 81402), while the
rest of the I/Oon the card are latched inputs from ABET interfaces, |atched
outputs... and interrupt requests (IR®X®)". Now APCO, APC3, BPC0, BPC3, CPQD, CPC3,
DPC0, DPC3 are the only pins that can generate interrupts - so maybe BPC, CPC
and/or DPC are used for interrupts (6 potential interrupt-generating |ines).

The lines are active high (high voltage = on, |ow voltage = off).
The mul tipl exi ng systemworks |ike this:

"In the ABET software from Lafayette, the 16 service request |lines are constantly
noni t or ed.

Wien an input to a chanber is activated, the service request line for that
chanber goes hi gh.

The time that occurs is recorded as the event tine; the chanber is then addressed
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to determ ne which input occurred.
The address outputs are tied to a multiplexer:
0000 = chanber 1

0001 = chamber 2

0010 = chamber 3

etc.
The output enable line is used to latch the outputs on the addressed chanber,
l'ike this:

Set the address.

Set the outputs.

Pul se the output enable Iline

The out puts are now | at ched
Pl ease note that the inputs are also |atched. Pulsing the output enable line wll
reset the input latches, so it is necessary to read the inputs before setting the
outputs.”

Much fiddling with code, |ightbulbs, and swtches..
WE CAN T DETECT OFF TRANSI TI ONS.
This nmust be what the nmultiplexer hardware (84101/84102 interface) does:

e Scan the physical hardware or respond automatically to ON transitions. (Perhaps
the nultiplexer itself has 82C55s in, and relies on their change-detection
systen? Ot herwise it could perhaps respond to OFF transitions too...)

e |f an input line has gone ON, and the OUTPUT- ENABLE bit is clear, (1) set the
[line corresponding to the] chanber's bit in the SERVI CE- REQUEST port, (2)
trigger an interrupt (sonmehow) to request service fromsoftware that relies on
interrupts (note: Wi sker doesn't rely on interrupts, and uses 1 kHz polling

i nstead).

e Wien the conputer wites the ADDRESS- QUTPUT port, (1) latch the appropriate
chanber's I NPUT states - neaning the lines that have just gone on, i.e. the
stored/ pending transitions, not the lines that *are* on - into the DATA-1 NPUT
lines. THINK OF THE | NPUT PORT AS THE " PENDI NG ON- TRANSI TI ON NOTI FI CATI ON'
PORT.

e \Wien the conputer wites the OUTPUT- ENABLE bit, (1) copy the DATA- QUTPUT state
into the chanber's output lines; (2) clear all on-transition notifications.

e Note that the conputer must clear the OUTPUT- ENABLE bit to allow the
nmul ti pl exer to respond to inputs again (see above).

Detecting OFF transitions using ABET hardware and Whisker
Whisker copes with the lack of OFF-detecting hardware like this:

¢ Lines that cannot detect OFF events respond to ON transitions by going on for a single poll
(typically 1 ms).
¢ You cannot set OFF events on an input line that does not detect them. (Thisis to
prevent you from relying on OFF events whose timings -- one poll -- are fictional, and do not
reflect the real-world device.)
e You cannot read the state of an input line that cannot detect OFF events. In the status
display, the number of on transitions is shown rather than the current state of the line.
¢ Y ou can dedicate a second line to detecting OFF events. Y ou would wire these physically so
that the device going on triggers an ON event on one line, and the device going off triggers an
ON event on a second line. (Lafayette do this for their 80113 retractable lever, the only
device they list that appears to notify the hardware of OFF events.)
¢ Line can thus be paired: two physical lines that only detect ON events are
combined to give avirtual line that responds to ON and OFF events.
e The virtual line starts in the "off" state.
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¢ When the "on" line goes on, the virtual line goes on. When the "off" line goes on, the
virtual line goes off. (If both go on simultaneously, the virtual line stays or goes off -- and
neither an ON nor an OFF event is generated by the server if the line was

previously off.)

e The combined virtual line can be treated normally (i.e. you can set OFF events on it, and

you can read its state).

¢ The virtual line has the line number of the on-detecting line. The "off-detecting line"
appears in a different colour on the server's display. It cannot be claimed, and it cannot be
pegged (you can peg the corresponding virtual line instead). If you read its state on the

console, it will read as OFF.

The easiest way to wire a device physically in order to make an "off-detecting” as well as an "on-
detecting” line, using a device that shorts its signal line to ground when it goes on, would be like
this, with a 28V relay (assuming the relay and device can cope with the resulting applied

voltages!):

+28Y

Relay

...... To "device is OFF"

ABET input line

MC {normally closed)

7 GOM (comman)

NO (normally open) 4 To "device is ON"

Device pin that would
usually be connected to
ABET input line

L
/ Davice {switch closed = on)

Device pin that would
usually be connectad to
ground

OV (ground)

The ABET-II system

ABET input line

OV (ground)
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ABET-II changes the wiring system from ABET. In ABET, each operant chamber had 16 inputs
and 32 outpuits (the first 16 and the last 32 lines, respectively, within each group of 48 lines
corresponding to each chamber, and numbered consecutively as you'd expect).

ABET-II dispenses with two outputs in each set of 48. Then, each set can either driver one
operant chamber (“not split") or two ("split"), the splitting being done with a cable.

Within each of the (16) sets of 48 lines, then, the following wiring diagram is used:

ABET-II (not split)
e lines 0-15 = chamber inputs 0-15
e lines 16-47 = chamber outputs 0-31 (except that lines 31 and 47 are unused)

ABET-II (split)

e lines 0-7 = chamber A inputs 0-7

e lines 8-15 = chamber B inputs 0-7

e lines 16-31 = chamber A outputs 0-14 plus one unused line (line 31)
e lines 32-47 = chamber B outputs 0-14 plus one unused line (line 47)

The "no-latch" system (probably to be called ABET-IIl or ABET-Touch)

The "no-latch” system is a modification to the ABET-11 multiplexer (though it could in principle be

applied to the ABET system as well). It removes the significant problem of not being able to detect
"off" transitions.

See above for the description of how the multiplexer works normally - that is, when a device is
activated, the input line and service request were set, and were cleared subsequently following a
read of the inputs. The service request and input would not be set again until the device was
deactivated and then reactivated.

In this modification, with the latches removed, the service request and input stay activated as long
as the device is active. (Reading the service request and input will clear them but they will be set
again immediately after reading.) When the device is deactivated released the corresponding input
and resulting service request will clear upon reading and stay cleared.
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6.4.4.5

Serial port (COM) devices
Configure hardware — Serial port (COM) devices.

Configure serial ports for I/0 | ﬂ

Y'ou can configure up ta four senal [COM] ports for uze with digital inputs, or inputAoutput lines. & CORM
port can only be uged if it iz not being wused by another application, or connected to an external device.

A, port provides 4 input [statuz] ping, and 2 output [control] pinz. To uge a simple responze box [button
bio], you zhould wire each buttan to connect a single status pin bo one of the bwo control pins.

L'a niok zelect the ‘Lontrol Uutputs” option. “Whisker will set the bwo control pins bo opposing voltage states
and detect if input ping are ghorked. The toggle option can be used to prevent the driver ‘sleeping’.

[f 'Cantral Dutputz’ iz zelected. the lines can be uged ta contral an externally powered circuit, which must
cormespond to the relevant ElA RS232 standards.
See uger guide for mare details.

Outpuits:;
Part name [e.g. COM1]  Reverse inputs Cantral Toggle Rewverse

v Use IW I I I r
[~ Use I—
™ Use I—
™ Use I—

Y ou may configure up to 4 serial ports for use with digital 1/0.

Canicel |

100
L i
100
100

Whisker will attempt to use any port named in a row which has the Use option checked. The Port
name entered in the box must be the port name as used by Windows. (These names are generally
COM1, COM2 etc., and can be seen in the Device Manager).

The Reverse I nputs boxes change which of the states (SPACE or MARK; see below)
correspond to On and Off in Whisker.

The three columns of boxes labelled Outputs are used to configure how Whisker uses the
terminal status lines (outputs)

e The Control option should only be selected if you wish to use the modem status line pins of a
serial port to control external hardware. If you are connecting a simple response box, as
described below, this option must not be selected.

e The Toggle option, if selected, will toggle the state of the terminal status lines every time the
card is polled. This item should not be selected if the lines are being used as outputs for
externally powered circuits.

Sone laptops have been reported to power down the PCM-CIA serial cards if no lines
change state for a certain

period, which means that a response box could cease functioning after a period of disuse.

This option is provided as a work around solution to this problem

e The Reverse option reverses which state (SPACE or MARK; see below) correspond to On
and Off in Whisker. This has an effect even if the control pins are not being used for output (i.
e. when Control is not checked). Thus either RTS or DTR can be used as the voltage source
for a simple response box.
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Using Serial port for 10 with a simple response box

Serial (COM) ports are designed for connecting a computer with a data modem. The standard
defines 6 status lines, 4 of which are used to signal modem status, and 2 of which are used to
signal terminal (PC) status. The line assignment on a standard 9-pin Serial port is shown below:

1 2 3 4 5
-~ | . |
3 ~
O " ®00LO ,-“' N
N 0000 f-” N
N /
|
6 7 8 9
Pin Signal Pin Signal
1 Data Carrier Detect i Data Set Ready
2 Received Data 7 Request to Send
3 Transmitted Data 8 Clear to Send
4 Data_Terminal Ready g Ring Indicator
5 Signal Ground

Serial ports can be configured to use the 4 modem status lines of a standard serial port (CTS,
DSR, CD, and RI) as digital inputs.

By default, the 2 terminal status lines (RTS, DTR) will be set suchthat RTSisOnand DTR is
Off.

A simple response box can therefore be wired by switching the four modem status independently
to lines to RTS, as shown below.
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Response Box

8-Pin Connector

I |
! |
| crs g 1—! ;
| | | |
| | | |
| | [ /
DSR [6] ® I
| | | |
| | | |
| | / |
| CD [1]4— ° :
| | | |
| o / |
L — o :
| | | |
| | I |
| ATS [7] ~—— |

Using Serial port for 10 with externally powered devices.

It is imagined that most users will wish to connect simple, passive input devices (e.g. response
boxes), wired similarly to that shown above.

However other devices may be used provided the voltages the require and supply are suitable. We
don't plan to use Whisker in this way: the digital |O hardware types Whisker supports already give
a number of inexpensive options for digital output control. If you wish to use such devices, the two
terminal status lines (RTS and DTR) can be used by Whisker as ordinary digital outputs. If you
wish to use these lines as such, you must select the Control and not select the Toggle options for
the Serial Port.

Technical Note: Serial ports do not use TTL voltages, as used by other devices (e.g. parallel
ports), but rather support two different voltage ranges relative to signal ground: SPACE [= +3
to +25V] and MARK [- 3to -25V], some machines, including many laptops, may use different
voltages (the ones here correspond to EIA RS232C standard; see the documentation with the
serial card to check the voltage limits).
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6.4.4.6 Configure Lafayette CANTAB USB hardware
Configure hardware — Lafayette CANTAB USB hardware.

Configure Lafayette CANTAB USB 1/0 device x|
You may use up to OME Lafayette CANMTAB USE I/O device, The Lafayette driver does not
support more than ane device,

Each device provides 8 inputs and 16 outputs (of which only 14 are available; the other two
are managed by the device itself as a safety relay). Internally, the inputs are numbered 0-7
and the outputs 0-15, of which 8 and 9 are the safety relay.

¥ Reverse inputs
[~ Reverse outputs

Cancel |

This is a USB device providing 8 inputs and 14 outputs (plus 2 outputs used by the card as a safety
relay and not accessible to Whisker).

The Lafayette driver only allows one such device to be used (as of 9 Aug 2009). Whisker
autodetects whether one of these devices is present or not.

The only options available are whether to reverse the logic (on/off) states for inputs and/or outputs.

Restart Whisker to apply any changes.

6.4.4.7 Configure Berlin network I/O controller

Configure hardware — Berlin network 1/O controller.

This option entered Whisker in May 2010. The biology group in Charité Universitétsmedizin Berlin
led by Y ork Winter has network-based 1/0 controllers; that is, they have software that talks to
digital 1/0 devices. Whisker communicates with this software (thereby supporting their 1/0
devices) through TCP/IP.

Y ou can configure up to 16 controllers (numbered 0-15). Each has the following options:
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6.4.4.8

Server name (localhost”™ = this computer): I localhost

Port number: I 5002
Timeout (ms): I 3000

[T Reverse inputs
[T Reverse outputs

carcl_|

Note that Whisker looks for these servers at startup time. If it finds them, it adds them to the set
of Whisker's digital 1/O lines (and if not, then Whisker won't look for them again). If
communication with one of the Berlin servers is lost, Whisker flags an errors in its log, and flags all
the lines as "FAILED" inits line list - but it does not attempt to reconnect (on the principle that if
the connection is unreliable, then the lines shouldn't be used). Clearly, this system is designed to
work on internal networks (within a single computer) or local networks of guaranteed connectivity.

The communications specification used by the Berlin servers is as follows:

o TCP/IP

e Messages separated by CR LF (\n\r).

¢ Nagle algorithm disabled on both sides (necessary for real-time performance).

The command syntax used by the Berlin servers is as follows:
FROM WHISKER TO BERLIN SERVER:

e Get Nunber O | nput Channel s (leads to NumberOfInputChannels message)

e Get Nunber Of Qut put Channel s (leads to NumberOfOutputChannels message)
e Set Channel On channel (NO response)

® Set Channel OnPul se channel durati onnms (NO response)

e Set Channel O f channel (NO response)

e Get Sensor State channel (leads to SensorState message)
FROM BERLIN SERVER TO WHISKER:

e Nunber O | nput Channel s max (input channels are numbered from O to max-1)

e Nunber Of Qut put Channel s max (output channels are numbered from O to max-1)

e Sensor State channel state (No response; "state” is "0" or "1"; may arise spontaneously as the
inputs change state, or in response to a GetSensor State message)

Set server device definition file
Configure hardware — Set server device definition file
This topic is discussed in detail in the Programmer's Guide (see the section entitled The server's

device definition file). Essentially, the device definition file is a list telling the server what each
device represents in the physical world — for example,
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i ne 0 box1 LEFTLEVER
line 1 box1 Rl GHTLEVER
line 2 box2 LEFTLEVER
di spl ay 0 box1 di spl ay
éﬂdio 0 box1 | ef t sound
audi o 1 box1 ri ght sound
audi o 2 box2 | ef t sound

This configuration setting is a per-user setting in Windows (i.e. each Windows user can set
Whisker up to use a different configuration file).

Each computer is expected to have at least one device definition file reflecting the way that that
particular computer is wired up. Create the definition file; tell the server where it is in the dialogue

box:

Set server device defimtion hile

X
Chooze the file that lists the device
names [for lines, audio and dizplay
devices, etc. ] uged by the zerver. This Cancel |
zetting takes effect when the server iz
restarted.

gram FileswhiskerControl\Device Definition Files\D efault. by

Browse

'

... clicking Browse to find and specify the file:

2] x]

- Cambridge
Whizker device definitions -
Whizker device definitions -

Cambridge
Cambridge

- Dlan. bt
- b aria. bt
- Pat. tut

=] whisker device definitions - FICTIOMAL bt
1| |

Whizker device definitions - Carnbridge - Futsuko. it
=] whisker device definitions - DEWVELOPMEMT kxt

2l

File narme;

Open I

Files of bype: | Text file [*.tet)

[ Open az iead-only

j Cancel |

A

... and then clients can refer to the devices by name rather than by number (as described in the
Programmer's Guide; see The server's device definition file). If you change the wiring of your

computer, simply edit the device definition file; you will not need to change your client tasks.
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6.4.4.9

The device definition file is only read when the server starts.

Configure failsafe outputs

Configure hardware — Configure failsafe outputs

Configure 'failzafe’ outputs x|

WARNING: THIS SOFTWARE IS DESIGNED FOR RESEARCH 0K | Concel |
USE ONLY AND SHOULD NEVER BE USED TO CONTROL
MEDICAL APPARATUS FOR HUMAN USE.

|f wou are controlling devices that can be dangerous if powered on in an uncontrolled fashion, such as
intravenaus infugion pumps, a loss of mains pawer may present a danger when the power returnz.

If 20, inztall an uninterruptible power supply [LUPS] for the computer, or a tip switch. [n addition, pou may
wire the power to the devices through relays being controlled by thiz zerver. [Check that they can handle
the required curent. ]

f'ou may configure up to 3 failzafe outpute, which will MHOT be available for clients bo uge. Sy new
zettings will take effect when you restart the server.

A zuggestion iz bo uze bwo, wired so power only reaches the device with one ON and one OFF - this
gituation iz unlikely to occur when the computer iz off or restarting.

Line numkber: Diuring operatiorn: WWhen the server exitz:
¥ Usefalafed 67 0f & 0On & 0f ¢ On
M Usefalasle1  [64 & 0f  © 0On & 0ff ¢ On
[ Use failzafe 2 li O} i o i
[ Uszefailzafe 3 Ii O " O "

[ Usze failzafe 4 li o " o "
[ Uszefailzafe 5 Ii o " o "
[ Use failzafe B li O} i = i
[ Usefailzafe 7 Ii O " O "

In the Installation and Hardware Guide (section entitled Danger — Critical Devices), we
discussed the issue of wiring the power supply to critical devices (such as intravenous infusion
pumps) in a fail-safe manner. One way of doing this is to connect two relays to two outpuit lines,
requiring one relay to be on and one to be off before any devices get power.

A circuit for this is given in the Installation and Hardware Guide, together with instructions for
configuring failsafe outputs in this dialogue box.

Essentially, you may dedicate lines as failsafes by ticking a 'Use failsafe..." box and filling in the
line number you wish to use. Y ou may then specify the state (or/off) that you want the failsafe line
to be in when the server is running (i.e. when you want power to your devices) and what state it
should be in when the server quits (i.e. when you want power cut off). This line will then be
unavailable for clients to use.

See the Hardware Guide for an example of setting up failsafe devices.
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6.4.4.10

6.4.4.11

Set digital input alert threshold
Configure hardware — Set digital input alert threshold

This configures a self-monitoring facility, whereby if large numbers of input lines change state
simultaneously (which may indicate a cable fault) an alert is generated.

Set digital input alert threshold ﬂ

Towarn you of pozzible hardware y
failure, the server can detect when 2 =
mare than M digital input lines change Cancel
state simultaneouzly. Set M kere. [This

zetting takes effect when you restart the

ZEMVEL]

Alert threzhold: a0

The dialogue box allows you to enter a number. If this number of input lines change state
simultaneously (meaning within one pall interval, typically 1 ms), a message will be written to the
server's event log, saying

*** ALERT: 50 input |lines changed state sinultaneously

This may indicate a loose cable. (Typically, if a cable to an Amplicon card works loose, the inputs
are disconnected, and a disconnected input is perceived as being on. If the cable is just making
contact, large numbers of inputs may appear to flash on and off together.)

If you set this number very low (e.g. 2), you are likely to get the alert message during normal
operation.

Fake (debugging) I/O lines

Configure hardware — Fake (debugging) 1/0 lines

This configures 'fake' input and output lines; this may be useful for testing programs on a computer
that does not have digital 1/0 hardware fitted.

x|
Thiz option allows you to emulate
input and autput lines in the absence
of phyzizal /0 hardware. This may Cancel
be uzeful for writing or debugaging
clients.

Changes will take effect when the zerver iz restarted.

v Usze fake /0 lines

Mumber of input lines: |20
Humber of output lines: 10

Fake lines have no connection to physical devices, but behave in all other respects like genuine
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lines. Y ou may turn fake lines on and off using the line-control facilities available for genuine lines
(see the Line menu). This enables you to test client software that expects a response via input
lines.

The other reason for using fake I/O lines is to be able to run a client that expects a certain device
to be present, with that device nonexistent or disabled. (Smply create spare 1/0 lines and set your
server's device definition file to refer to them.)

Fake inputs are numbered before fake outputs, but after all genuine digital 1/0 cards.

6.4.4.12 Display devices

Configure hardware — Display devices
Configures display devices (monitors).

Before configuring displays for use with Whisker, configure the monitors in the Windows Control
Panel. On a multimonitor computer running Windows 2000, choose Start — Settings — Control
Panel — Display — Settings and you will see something like the following:

Display Properties 2=l

Ean:kgn:nundl Screen Saverl .ﬁ.ppearancel Weh I Effects: Seftings |

Cirag the monitor icong bo match the physical arangement of pour monitors.

(2][3]
EE@

Dizplay:

|2. Default kanitar on b atrow Graphics Millennium G200 j
Colorz Screen area
[High Color [15 bit =l A More
N | 500 by 500 pixels

[ Usze this device as the primary momitor,
¥ Extend my ‘indows desktop onta this monitor.

Iruubleshuut...l Advanced... |

k. | Cancel | Smply |

The Control Panel allows you to set the relative position of your monitors (by dragging the images
around), set the resolution of each, etc. Whisker is only able to use monitors that are part of the
Windows desktop (this is not deliberate, but appears to be a bug in the Windows DirectDraw
enumeration function). Therefore, any display that you wish to use with Whisker must have
Extend my Windows desktop onto this monitor ticked.
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One and only monitor will have Use this device as the primary nonitor ticked. | will refer to this
as the primary monitor. It is the one that the Windows desktop starts from; programs that are not
multimonitor-aware default to opening on the primary monitor.

Within Whisker, when you choose Configure hardware — Display devices you will see the
following dialogue box:

Configure display devices @

Listed belov are all the dizplay devices
[monitors) found in the computer. Chooze
whether or not to uze each device. Changes Use

Cancel

;

will take effect when the server is restarted. DirectDraw
Hide back buffer

. . o mouze  Mouse [FPRECLUDES Exclusive Border
Device enumeration #/description Uze  curzar  behaviour Topmost YIDED) mode [%)
|EI Primary Display Driver (dizplay) [FRIMARY) T I~ I I I
|1 ATl Radeon HD 3600 Series (Y4 \DISPLAYT) [FRIM&ARY) [ I ] I ]
| F o F r -
| F [Mowse ~| W r 7 [
|4 ATl Radeon HD 3600 Series (Y4 \DISPLAY3) v v lgnore = | W v i~ 0

d

[Page 1 of 1] J

N.B. This screenshot is froma computer that had three monitors attached, of which one
(DISPLAY2) is currently disabled. Note that individual displays may appear nore than once,
under different names and/or via different driver systens.

Use device. You may enable or disable each display device. If the device is enabled, the
following options become available:

Hide mouse cursor. Makes the mouse cursor invisible when it enters this display area.

M ouse behaviour. Choose from:

¢ Mouse: the mouse generates mouse-down, mouse-move, and mouse-up events.

e |gnore: the mouse does nothing.

e Touchscreen: the mouse generates touch-down, touch-move, and touch-up events.

Best mouse options for animal-oriented multiple-monitor rigs. Typically, while it is
impoassible to prevent the mouse pointer from craossing over a window (reliably) that is not using
DirectDraw, you may not want the mouse to appear on monitors that are inside your operant
chambers. Inthat case, tick Hide mouse cursor and set the mouse behaviour to Ignore — the
mouse will not be prevented from entering the portion of the desktop corresponding to this display,
but will be invisible and ineffective.

Best mouse options for iPads with Air Display software. The Air Display software
makes an iPad behave like an additional monitor; touching the iPad generates mouse events. For
this setting, choose "mouse behaviour = touchscreen” so that the iPad emulates a touchscreen for
Whisker tasks (a touchscreen emulating a mouse emulating a touchscreen!). Y ou probably also
want "hide mouse cursor" ticked.

Best mouse options for human testing with a mouse. Don't hide the mouse cursor.
Choose mouse behaviour to be "mouse” or "touchscreen” depending on what your Whisker client
task expects.

L osing the mouse pointer. Hiding the mouse cursor can cause one problem, namely
that you may 'lose’ your mouse pointer because it is invisible; in that case, you need to move it in
the general direction of a monitor that doesn't have this kind of Whisker display onit! (I1f your
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primary monitor is at the top left of the desktop map in Control Panel, for example, and isn't being
used for a Whisker display, simply move your mouse left and up and the mouse pointer should
come back into view on the primary monitor.)

OLDER VERSIONS (before WhiskerServer v4.2.1): had an " Exclude mouse”
option. When "Exclude mouse" was ticked, this was equivalent to "Hide mouse cursor" and
"Ignore" mouse behaviour. When it was unticked, this was equivalent to showing the mouse pointer
and having it behave like a mouse.

K eep topmost. (Only available if DirectDraw is not being used.) This ensures that the Whisker
display is forced on top (in front) of any other windows. It should normally be ticked. However,
you are recommended to avoid ticking this option for the primary monitor — as it will then be very
hard to use any other programs!

Use DirectDraw back buffer (PRECLUDES VIDEO). Select between using the standard
Windows graphics routines (this option off), or high performance DirectX routines (this option on).
This should generally be enabled, unless: (a) you wish to use video (see Video objects); (b) you
experience problems with a piece of hardware: not using DirectDraw may solve some problems.
One particular instance of (b) is that DirectDraw mode doesn't work with an iPad running Air
Display (May 2012).

Exclusive mode. Puts DirectDraw into exclusive mode, in which Whisker tries to take exclusive
control of a whole monitor for that display.

Border. Suppose your touchscreen is smaller than your monitor - the touchscreen is 1024 arbitrary
units wide, while the monitor is 1280 arbitrary units wide. Y ou may then want to scale the Whisker
display so that the display is only 1024 units wide, so all of it is visible through the touchscreen. To
achieve this, you want a display that's 1024/1280 = 0.8 (80%) of the size of the monitor. So you
would want a 10% border on either side of the screen. To achieve this, enter 10% in the "border"
box. (The default is no border - 0% - in which the whole monitor is used.) The border applies to
the left/right and top/bottom borders simultaneously.

Note: the primary monitor may appear twice — once as 'Primary display driver', and once as the
video card that is driving that monitor. There is no point enabling both.

When you first run WhiskerServer, the defaults for the primary monitor are don't use —don't go
topmost —don't exclude mouse. Y ou can then change these settings if you wish. All other
monitors default to use —don't use DirectDraw — go topmost — don't exclude mouse. This is
a safety feature: it is suggested that you use the mouse to check that the display is where you
expect and responds correctly, and then exclude the mouse when you have finished testing.

Display settings take effect when you restart the server.

Tips

13

MULTIPLEMONITOR SYSTEMS CAN BE CONFUSING.

Asthe owner of amultimonitor system, you may notice all sorts of strange behaviour — for example, when most
programs go into a'full screen' mode (e.g. M icrosoft Word), their borders extend slightly beyond the desktop you
are familiar with and may be visible on the next monitor! For reasons such as these, Whisker displays that aren't
using DirectDraw should have Keep topmost enabled.

Even a'topmost’ window cannot entirely prevent anything from beingvisiblein front of it. If you configure
Windows so that window outlines are shown when windows are dragged (in Windows 2000, Sart — Settings —
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Control Pand — Display — Effects — Show window contents while dragging = OFF), the outlines will be visible
over the Whisker display. (Once you release the mouse button, the dragged window will vanish behind the Whisker
display.)

Thus, it is possible to move another window ‘underneath’ a Whisker display . If the Whisker display is enforcing
Keep topmost behaviour, it may beimpossibleto retrieve the other window!

It isimpossible for Whisker to defend non-Direct Draw windows entirely against 'virtua desktop management'
programs that alow you to move windows around. For example, TriPlus WinSpace 3 Light is capable of moving
Whisker full-screen non-DirectDraw display s around on the desktop, giving ridiculous results.

THE SIMPLEST AND BEST RESULTS SHOULD BE OBTAINED USING DIRECTDRAW EXCLUSIVE
MODE.

Note dso that Whisker display windows gppear in the Windows task bar to confirm that they are beingused. This
is deliberate.

Tips

13

IFYOULOSECONTROL OF YOUR COMPUTER WHILE TESTING...

It is possible to lose the ability to seewhereyou areworkingif you mis-configure the display devices. If you
enable the primary monitor, you may haveto press Alt-TAB to get back to your desktop, because the taskbar will
not bevisible. But if you enable the primary monitor and set the Keep Topmod attribute, the display will
forceitsdf in front of everythingon your desktop and keep itself there. It is even more confusingif you also set
the Exclude mouse atribute, because then you can't see the mouse.

To rescueyoursdf,

1. Shut down the server.
Hold Alt down and press TAB until the small, moving box is over the WhiskerServer icon (not the full-screen
display device, which will have an 'F' in its icon — the WhiskerServer icon has no |etters, just the ey e-and-

whiskers picture). Release Alt. This will transfer the focus to the WhiskerServer console, even though you
may not be able to seeit. Your screen will probably look like this until WhiskerServer is shut down:

which is the problem!
Press Escape at least threetimes to ensure that WhiskerServer is not displayingany menus or dialogue boxes.

Press Alt-F4 to close WhiskerServer. Although you will not be ableto seeit, WhiskerServer will now pop up
this didogue box:
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WhiskerS erver %]
SEerver iz running.
Shut down and exit Whisker server?

Cancel |

so press Enter. If clients were connected, a second diaogue box will appear (again, you will be unable to see
this):

WhiskerServer x|

There are clients connected!
Clozing the server will leave them stranded.
Aire you sure you want to shut down the wWhizker server?

S0 press Enter again. The server will now close, and your desktop will become visible again.

2. Disable use of the primary monitor

To avoid this situation recurring, choose Sart — Run and typein regedit .. This will run the Registry
Editor.

In the left-hand tree view of the Registry Editor, find the following entry:

HKEY_CURRENT_CONFIG\Softwaré\WhiskerControl\WhiskerServer\Version [the most recent]\Display
devices

It will look something likethis:
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s Registry Editor

Begiztry  Edit Yiew Fawaortes Help
EI--- by Computer
l:l HEEY_CLASSES_ROOT
l:l HEEY_CURREMT_UUSER
l:l HEEY_LOCAL MACHIME
#-1 HKEY_USERS
=-_1 HEEY_CURRENT_CONFIG

=11 whiskerControl
= whiskerServer

{:I Yersion 2.3a

=1 Wersion 2.4
I:I Audio devices
I:| Cugital [0 board configurations
Ea Dizplay d
‘|1 EnumeratedDisplay_0
l:l F ailzafe output configuration

----- 23 Touchscreens

EYVICEE

-2 Swstem

If you wish, you can explore the tree further and directly edit the entries for the primary monitor
(EnumeratedDisplay_0) to disableit, but the essies thingisto click on 'Display devices' in the left-hand tree
and press DEL. The Registry Editor will ask for confirmation:

Confirm Key Delete B

& Are you sure you want to delete this key?

When you next run WhiskerServer, it will return to its default behaviour, in which the primary monitor is
disabled. You may haveto reconfigure your other monitors.

Why is this situation per mitted? Because | think it may be useful to have full-screen control of your primary
monitor under some circumstances, e.g. if you are testing an over ly-inquisitive subject on a laptop. |f nobody
ever uses this facility and a consensus of opinion develops that it's a pain to have the primary monitor enabled
in 'topmost’ mode, | might remove the option. Comments to rudolf@pobox.com.

© Cambridge University Technical Services Ltd



128 Whisker

6.4.4.13 Touchscreens

Configure hardware — Touchscreens

Configure touchscreens

Lizted below are all the touchzcreens found in the computer. Chooge
whether or not to uze each touchzcreen, and which full-zcreen

dizplay device [rumbered from O] ta assigp each touchzcreen to. Cancel |
Changesz will take effect when the server is restarted.

[ Startup delay befare reinit I—
Touchscreen (D [from LUPDD driver] lze device  Displap attached to touchscreen
Touchscreen 1 v |'x'x.'aDISF'L.f-‘n.Y2 - Matrox I'-.-1iIIE|j

[Page 1 of 1] _I

Lists every touchscreen connected to the server. Smply tick Use device for each one you want
to use, and choose the physical display (monitor) that the touchscreen is attached to.

If touchscreens are powered via the Whisker failsafe relays (we do not recommend this!), and
they have difficulty communicating with the UPDD touchscreen driver upon power-up (as has
been reported for some ELO Caroll Touch touchscreens), touchscreens may not communicate
with UPDD successfully upon power-up (i.e. upon starting Whisker). From v2.12.5, Whisker asks
UPDD to re-initialize communication with its touchscreens when Whisker starts. However, should
this prove insufficient because of UPDD-touchscreen communication problems, it is possible to
delay the Whisker startup process so that Whisker initializes its failsafe relays (powering up
touchscreens connected inappropriately via the failsafe relays), wait a while, and then request re-
initialization of the UPDD-touchscreen connection. This option is offered in the dialogue box (
Startup delay before reinit).

If you are using UPDD version 4, see also Set UPDD v4 directory.

6.4.4.14 Set UPDD v4 directory

Configure hardware — Set UPDD v4 directory

The Universal Pointer Device Driver (UPDD) from Touch-Base, version 4, requires that any
software using it (such as Whisker) changes to the UPDD installation directory (where tbupdd.ini)
is located prior to initializing the UPDD interface. This is curious, since UPDD could and should do
this for itself. Asit doesn't, Whisker needs to know where UPDD is installed (by default, thisis C:
\Program Files\UPDD).

By default, Whisker reads UPDD's location from UPDD's section of the Windows registry
(HKEY_LOCAL_MACHINE\SOFTWARE\Touch-Base\lnstallDir). Y ou can override this
behaviour here, though you shouldn't need to.
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6.4.4.15

Configure UPDD ¥4 installation directory E[

The autharz of Whizker apalogize far burdening you with thiz.
Werzion 4 of the Univerzal Pointer Device Driver from Touch-Baze, which ‘whisker

uzes for touchzoreen control, reguires that ‘Whizker change to UPDD's directory
before initializing UPDD, zo0 UPDD can find it configuration file [tbupdd.ini.

Why UPDD can't do this itkzelf, since it shares this information in the registoy, iz
anpbody's guess. But it doezn't. So ‘whisker needs to know where UPDD iz
inztalled [by default, C:\Fragram Filest PO

By default, whizker reads LIPDD': zection of the registry ta find out where UFDD
iz, 20 the default should work, fine, | not, you can overide it here. Any changes

129

take effect when ‘Whisker iz restarted.

C:%Program FileshUPDD

Cancel |

Browse |

This option is irrelevant for earlier versions of UPDD.

Audio devices

Configure hardware — Audio devices

Configures sound output devices. All the sound devices available in the system are listed in the
dialogue box (shown below). Some sound cards may appear twice — for example, the computer
that provided the screenshot above has one sound card in it, which appears twice (as 'Primary

Sound Driver' and as 'Creative Sound Blaster PCI").

Configure audio devices

Lizted below are all the audio devices [zound cardz] found in the
computer. Chooge whether ar not to uze each device. You may alzo
'zplit' a stereo device into bwo mono devices. Changes will take
effect when the server iz restarted.

Attenuation settingz allow vou ta reduce the maximunn yolume on a
given device if pou need to equalize sound levels acrozz equipment.

—Audio devices

X

Cancel |

Attenuation [0-100]
Device enumeration #/description lze Split Left # Bath  Right
0 Prirnary Sound Driver v o ID— ID—
1 Intel(r] Integrated Audio v - ID_ ID—

Heqt page

Erevious page |

]

[Page 1 of 1]

¥ Play a"blank" sound Al the time to overcome a Windows "leftover sound”' bug

Use device. Y ou may enable or disable each sound device. (It is not sensible to enable two
devices that are actually the same physical sound card, even though the example above does so!)
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6.4.4.16

Split device. Every device that you are using, you may treat as a single stereo device, or split it
into two separate devices — the left and right channels. This doubles the number of available
(monophonic) sound devices. Note that some poor-quality sound cards exhibit 'bleed’, such that
sounds intended to come only from the left channel are audible (albeit quietly) on the right channel;
these sound cards are probably unsuitable for splitting. Consider this a" budget” option that
may help if you are very short of physical devices, but which is not guaranteed for high-quality
sound; see also the note below regarding distortion.

Logical devices — the kind that Whisker clients and/or the server's device definition file need to
deal with — are numbered sequentially from O when WhiskerServer starts. So if the first and third
physical sound cards are enabled and the first sound card is split, the logical devices will be O (first
sound card, left channel), 1 (first sound card, right channel), and 2 (third sound card, stereo).

Play a" blank™ sound all the time... There is a bug in at least several versions of Windows, in
which (1) sound A is played and stopped; (2) sound B is started. The "tail end" of sound A can
then be played as sound B starts, which often sounds like a click. This is nothing to do with
Whisker, but is also apparent with demo applications from the DirectX 9 SDK (when Whisker isn't
even running). A workaround that Whisker offers is to play a "blank" (zero) sound all the time.
This fixes that problem. However, some sound drivers/cards produce nonzero power when asked
to play zero -- and for some applications, that matters. If you have a buggy version of Windows
and you care about the clicks, turn this feature on. If you have suboptimal sound drivers/hardware
and care about the background low-level hum, turn it off.

These settings take effect when the server is restarted.

Additional note 1: other sound problems. Some users have experienced problems when
"gplitting" sound cards in which frequencies are distorted: for exanple, a 16 kHz sine wave
(generated by Whisker) is emitted with sidebands at 4 kHz, 8 kHz, 12 kHz, 20 kHz, and 24
kHz when played through a " split" sound card, but correctly without themwhen played on
the audio device directly (e.g. Matt Boehmto Rudolf Cardinal, 16 Dec 2016). This may
relate to rounding errorsin the sound driver's calculation of 3D spatial location (MRFA to
RNC, 17 Dec 2016).

Additional note 2: bugs in audio drivers. We have also experienced severe and hard-to-track
software problens relating to poor sound drivers (see also MonkeyCantab version tracker
around 17 Nov 2010). We found that particular SoundBlaster kernel-mode drivers failed to
restore the floating-point unit (FPU) state correctly, having used the FPU in kernel mode.
Thisis a dreadful driver bug, which leads to unpredictable corruption of the FPU state, and
therefore can affect any software using the FPU (such as MonkeyCantab positioning its
stimuli, or Excel doing sums). For exanple, Excel would give different answers depending
on whether Windows Sound Recorder was playing sounds (with no other non-OS software
running, and the wrong answers being when the sound card was active). The specific rule
that this driver flouted is documented at http://msdn.microsoft.conm’en-ug/library/ff565388%
28VS.85%29.aspx.

Fake audio devices

Configure hardware — Fake audio devices

Configures 'fake' audio devices, useful for running tasks that require sound, silently, on a computer
with insufficient sound cards.
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Configure "fake' [debugaging |

Thiz aption allaws yau ta emulate
audio devices in the absence of

phyzical audio hardware. Cancel

Changes will take effect when the server iz restarted.

v Usze fake audio devices

Mumber of audio devices; |2

Fake audio devices make no sound and are not connected to any sound cards in the computer, but
behave in other respects like genuine lines.

Fake audio devices are after all genuine audio devices.

6.45 Server

Server Client Line Analogue  Audio  Cispl
I Sek server priority within Windows, , .
Sek inkernal timer resolukion, .
Set default multimedia resource Folder, ..
Logging behaviour, .,

‘Wideo configuration. ..

Stop accepking connections

Reject all non-local connections

Allaw non-local machines ko contral lines
v Bllow client-to-client communications

Clear event log
Eeset Liming statistics
Bing all clients

Set server priority within Windows. This controls the priority given to WhiskerServer by
Windows, and influences the server's performance. This is an advanced option.

Set internal timer resolution. This configures the speed of the timer with which WhiskerServer
polls digital 1/0 hardware. 1t is an advanced option.

Set default multimedia resource folder. When clients use multimedia files (bitmaps, WAV files,
etc.) and do not specify exactly where to find them, the server will try looking in the directory
(folder) specified here.

L ogaing behaviour. Set server logging options.

Video configuration. Configure video options.

Stop accepting connections prevents any more clients from connecting. This option does not
affect clients that are already connected. Once selected, the menu item changes to Start
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6.4.5.1

communications..., which allows you to restart comms. (When restarting comms, you may
specify the TCP port numbers in the process, but | recommend that you do not change the port
numbers unless you understand TCP/IP well — client software will not expect the change.)

Reject all non-local connections is an option that prevents any other computer from connecting
to the Whisker server. This is the highest security level, but is off by default, because it prevents
you from finding out how your subjects are doing by using Whisker Status on your office computer.
If you are concerned about the prospect of people elsewhere in the world finding out about
Whisker, finding out how it works, discovering the IP address of your lab computer and reading the
status messages you intended for yourself, you can either enable this facility, or install a firewall on
your network to prevent access from outside.

Allow non-local machines to control lines also sets the behaviour of the server with respect to
other computers. Assuming you haven't ticked "Reject all non-local connections’, the server allows
other computers to ask it for status information (e.g. using the Whisker Status program), but does
not normally allow other computers to control hardware devices; it responds to any such attempt
with an error message. If you want to let other computers have access to the hardware, tick this
option. Bear in mind that if your computer is connected to the Internet in the absence of any
firewalls, any computer in the world could try to influence your devices!

(Note: changing these last two settings does not affect clients currently connected, only clients
that connect to the server subsequently.)

Allow client-to-client communications. If this setting is ticked and individual clients specifically
permit it, clients are allowed to send each other messages. This facility may be used, for example,
to contral (e.g. configure and start) behavioural tasks from a different computer, or for more
advanced facilities (e.g. one client making a judgement based on certain input devices and
informing another). See the Programmer's Guide for full details. Disabling this option prevents
any client—client communication via the server.

These last three options are remembered for next time — they are stored in the registry.
Clear event log removes all entries from the server's event log.

Reset timing statistics resets all the timing measurements displayed in the Server Status view to
zero. This is discussed further in Whisker — Performance considerations.

Ping all clients sends a 'Ping’ message to all connected clients (see Client Menu).

Set server priority within Windows

Server — Set server priority within Windows

Caution: advanced option
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Set priority x|

Chooze the process prianty clazs with which Whizker rins.
WARMIMG: thiz iz an advanced option.

£ Realtime [recommended] [requires Administrator privilege]
£ High

& MNomal

€ [dle

Cancel |

With this dialogue box, you can configure the process priority with which WhiskerServer runs. This
sets the 'importance’ of the server relative to all the other programs running. The default is real-
time. These options are as follows:

¢ Real-time. The highest possible priority. This process pre-empts all other processes, including
operating system processes performing tasks. ‘An application that runs at this level for more
than a very brief interval can, for example, cause disk caches not to flush or cause the mouse
to be unresponsive.' [Source: Windows Platform SDK documentation.] This mode requires
WhiskerServer to be run with Windows Administrator privileges.

e High. This process pre-empts those running at Normal or Idle levels. Used by applications
that must retain rapid responsiveness, re-gardless of the system load. Example: the Windows
NT task list.

e Normal. The normal priority. Most processes use this.

e Idle [not allowed]. The process runs only when the system is idle. Example: screen savers.

Y ou may think that it sounds dangerous to run at the real-time priority. In practice, Whisker does
only execute for a very brief interval every time it is called by Windows (every 1 ms or so); if
Whisker were to occupy the CPU for longer than the interval, it would in fact ‘lock up' the
computer completely. To avoid this every happening, Whisker 'yields' control for a brief period
every time it is called, to ensure that vital system tasks can always be carried out.

When you alter these settings, the changes take effect immediately and are remembered the next
time you start WhiskerServer.

For a detailed discussion, see Performance Considerations.

6.4.5.2 Setinternal timer resolution

Server — Set internal timer resolution

Caution: advanced option
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6.4.5.3

Set high-resolution timer dei__'

CAUTION: Advanced option.

Cancel
Timer period [ms]; 1
Timer resolution [ms]: |1

Setting the timer ta have a low period and high resalution
improves the accuracy with which the spstem polls the
hardware, =0 it zan detect incoming event: more precigey.
Howewver, it may increase the load on the spstemn.

The period controls how aften the timer iz polled. The
rezolution controlz how accurately thiz period is kept to.

Thesze settings take effect immediately.

This configures the speed of the timer with which WhiskerServer polls digital I/O hardware.

| suggest you leave the values at the defaults of 1 ms period, 1 ms resolution; these settings give
the best performance for WhiskerServer and do not interfere with other software on any of the
computers on which Whisker has been tested.

Set default multimedia resource folder

Server — Set default multimedia resource folder

When clients use multimedia files (bitmaps, WAV files, etc.) and do not specify exactly where to
find them, the server will try looking in the directory (folder) specified here.

Set default multimedia rezource fold

Chooze the default folder that the zerver will zearch far
multimedia resources [gounds and pictures]. This setting

may affect clients and takes effect [MMEDIATELY. Cancel |
|E:"~F'rn:|gram Filez\WhizkerControl\Client Media Browse |

'ou may alzo specify the directary that the server searches for
itz audio test files. [T hiz setting will not affect clients. ]

|E:"~F'r|:|gram Fileg\WhizkerControlvSerser Test Media Browse |

The second folder you can specify, the server test media directory, is used to find the sound files
used by the server to test audio devices (see Audio Menu).
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6.4.5.4 Logging behaviour

Server — Logging behaviour

Configure default logging behaviour | ﬂ

v Log server events

[ write server log ko disk { as whiskerserverlog.bxt)
v Ewvent logging is on For new clients

[ write client event logs to disk {in cientlog_n.kxt)
¥ Communications logging is on For new clients

[ “wirite client comms logs ba disk in cientlog_n.ket)

Directory For server logs:

I ol Browse |

&l logs may reduce performance, and disk logging more so, For a research maching, we
suggest server event logging {without a disk copy) only, Client task,
development/debugging situations may warrant additional logs,

Logs are overwritken when they are (relopened.

Changes take effect immediately,

Cancel |

Log server events? If on (as is the default), the server's event log keeps track of important
events.

Write server log to disk? If server event logging is on, and this option is on, a file called
whisk erserverlog.txt is written (live) to the directory specified; this is a copy of the server's
event log. This is principally to aid developers in task debugging situations, and is off by default to
improve performance.

Event logging is on for new clients? If true, the client event log is enabled for new clients.
(Subsequently, event logging can be turned on and off for each client.) This is principally to aid
developers in task debugging situations, and is off by default to improve performance.

Write client event logs to disk? If a client's event log is enabled, and this option is on, the
contents of the event log are also written (live) to disk in clientlog_n.txt (e.g. clientlog_5.txt for
client number 5) in the directory specified. This is principally to aid developers in task debugging
situations, and is off by default to improve performance.

Communications logging is on for new clients? If true, the client communications log is
enabled for new clients. (Subsequently, communications logging can be turned on and off for each
client.) This is principally to aid developers in task debugging situations, and is off by default to
improve performance. It is a more comprehensive log than the event log.

Write client comms logs to disk? If a client's communications log is enabled, and this option is
on, the contents of the communications log are also written (live) to disk in clientlog_n.txt (e.g.
clientlog_5.txt for client number 5) in the directory specified. This is principally to aid developers in
task debugging situations, and is off by default to improve performance.

Directory for server logs? Choose where these disk logs, if selected, should be stored. The
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6.4.5.5

default is C:\, since that always exists, but if you plan to use these disk logs it would be preferable
to make and then choose a different directory (e.g. CA\WHISKERLOGS).

Video configuration

Server — Video configuration

Configure rvideo x|

[ Disable video

—Perfarmance and audio

Maximurn number of client displays that a videa can be shawn on: I 1

I* Enable audio tracks in video filas

v allow server consale copy of video

Faor maximurm performance, minimize the number of clienk displays allowed (ko 1 if
possible), disable audio, and disable console copies.

— Directy video rendeting

¥ EvR (Enhanced Video Renderer)

¥ WMR-9 (video Mixing Renderer 9

v yMR-7 (video Mixing Renderer Filker 7

From those wou enable, Whisker will wark through the lisk from top ko bottom and pick the
firsk that's available,

EVR (Windows Wista with Direct3D 9, 2006): generally besk,

WMR-9 (Direct30D 9, 2002): suffers From a bug that clips when v _monitor = monitar_width,
vwhich clips wideo inappropriately low down on monitors using portrait orientation.

YMR-7: ald (Windows ¥P with Direcks 7+, 2001, via DirectDraw); doesn't support: bitrmap
overlays so well,

Performance/audio changes above take effect only when new videos are lnaded, "Disable

videa" and widea renderer options take effect on Whisker restart,
Zancel |

Configure settings relevant for playing video clips. See also Video objects.

Disable video. Turns off video entirely.
Performance and audio

M aximum number of client displays that a video can be shown on? There is a tradeoff
between performance and the ability to show a video on lots of displays. If you plan to show
multiple synchronized copies of the same video on multiple server displays (i.e. yoking using a
video stimulus), you may want this number to be >1. For normal use, pick the lowest possible
value; the default is 1.

Enable audio tracks in video files? If you (a) enable this, and (b) use DisplaySetAudioDevice
correctly, and (c) enable audio in your DisplayAddObject (video) command, then you can get
audio playing with your video. There's a performance cost, so disable this if it's not needed.

Allow server console copy of video? If enabled, you'll see a live copy of any videos on the
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server's console. If disabled, you'll see a placeholder. There's a performance cost to this option, so
disable it if it's not needed.

DirectX video rendering

Choose the renderers to use. Of those selected, the first that's available will be used. See the text
in the dialogue box for more explanation.

6.4.6 Client
Client Line  Analogue  Audio  Display  Towdl
Bing
Delete DEL

v Log events
v Log communicakions

Clear event log
Clear comm log

Send debugging message ko client... IMNS

The client menu is only available when a client is selected (either in the tree view on the left, or in
the client summary view).

Ping sends a 'Ping’ message to the client in an attempt to get it to respond. It is good practice to
write clients that do respond to Ping messages (see discussion of client/server communications
below). Pinging a client that has been forcibly shut down by the operating system (closing its link to
the server) may cause the server to notice that it has gone.

Delete enables you to disconnect the currently selected client from the server. It will be removed
from the server's list and all communication links to the client will be severed. Y ou would normally
use this only as a last resort to get rid of 'dead' (crashed) clients. If you are unsure whether a client
is dead, check for network errors in the client status/summary view and see when the client last
sent a message to the server. If the client is programmed to respond to 'Ping' events, you may use
the Ping command to try to provoke a reaction from it.

L og events toggles the recording of significant events relating to the client. A tick by the entry
indicates that logging is active.

L og communications toggles the recording of communication messages sent to/from the client.
A tick by the entry indicates that logging is active.

Communications and event logging are off by default, to save time and memory. However, the
settings you choose are remembered for the next time you run WhiskerServer (they are stored in
the registry).

When you turn the logs on, messages will start to be recorded for the client, and any new clients
that connect will take the new settings as their default. Therefore, if you want to monitor
communications at the very start of a client's session, turn on communications (using any other
client) before the client of interest connects.

Clear event log removes all entries from the selected client's event log.
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Clear comm log removes all entries from the selected client's communications log.
Send debugging message to client allows you to type a message that is sent to the client
immediately.
6.4.6.1 Send debugging message to client
Client - Send debugging message to client
This allows you to type a message that is sent to the client immediately. Prefix the message with
"Event:" if you want to mimic an event message. Note that clients are allowed to assume a rigid
pattern of messages from the server — they can be case-sensitive, if they want, as the server
normally guarantees them a predictable message — so it's your job to get this right if you mimic the
server yourself.
Send debugging mezzage to \ |
Send
Event: FetchT hekd achineT hatGoesPing
To client #0 [Unnamed-0]
(] | Cancel
6.4.7 Line
Line Analogue  Audio  Dizplay
Eree [unpeq] all lines
Peq line andaff... 0A4F
Line details...
Free (unpegq) al lines allows you to remove any overrides (or "pegs") that you have manually
applied (see below).
Some options on the line menu are only available when a line view is selected:
Peg line on/off is a debugging feature that allows you to force any line ON or OFF, or to Free it
up again.
L ine details brings up a dialogue box giving you detailed information on a single line.
6.4.7.1 Free (unpegq) all lines

Line — Free (unpeg) all lines

This option clears any pegs you have set (see also Line Detalls).
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6.4.7.2 Peg line on/off
Line —» Peg line on/off

This is a debugging feature that allows you to force any line ON or OFF, or to Free it up again.
The 'pegged' state overrides the true state (of input lines) or the commanded state (of output lines).

In other words, pegging input lines allows you to manipulate what your client software sees
(including the generation of events), independently of the state of the device responsible for the
input; pegging output lines allows you to manipulate the devices without the client sending any
instructions. This facility is therefore useful for testing client software and checking your apparatus
isworking. It is not intended to be used during normal operation.

'Peq’ a line on/off |
Line number 0

Free the line, peg it OM, or peg it OFF?Y ~
Free

]
ok, CarJFF

When you free a line, input lines return to their 'real-world' state (the state of the device that is
connected). Output lines return to the state that the client expects them to be in.

Pegging may also be done from the Line Details dialogue box, or from the Digital Line Status view.

Pegged lines send warning messages if events are triggered by them. That is, if setting a line to be
ON, OFF, or FREE changes its effective state, and an event is triggered, that event is sent and
followed immediately by a warning, like this:

Event: AAA
Warning: Event generated from a pegged line (line turned on, event AAA)

Event: BBB
Warning: Event generated from a pegged line (line turned off, event BBB)

Event: AAA
Warning: Event generated from a line being freed (line turned on, event AAA)

Event: BBB
Warning: Event generated from a line being freed (line turned off, event BBB)

Warning are also triggered if the client tries to set the state of a pegged output:
Attempting to set the state of a pegged output, won't do anything

Note also that lines remain pegged when a client releases them. The Pegging Rule: if you pegged
it, it's your job to free it again.

Y ou can free all pegged lines simultaneously with the Free (unpeg) all lines command.
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6.4.7.3

Line details
Line — Line details
Brings up a dialogue box giving you detailed information on a single line. The dialogue box is

'modeless’, meaning that it will stay there so you can use the server's other facilities and watch the
line's activity at the same time.

WhiskerServer - Line details s x|
Choose a line: 11 Update | Hest | Previous | [ '":‘
Information for line: 11

Line type: Input
STATE: OM
Peq state: (" Fiee to be controlled nomaally
The phyzical input line iz OFF

HaRDwWARE: SERYER DEYICE MAME:
Fake 140 board O Device group: box
Fake input Device name:  Lewver

OWwWHED B client number: 0
client name:  Silly test client
Recently-uzed alias for thiz line:  AsdicDetector
'On' event:  'WeHaveBeenFinged
'Off event:  DestroverF adingduwan
S atety timer:
When the client guits, the line will be turned on/off/left azitiss  Leave Bleset statistics for this line |

Mumber of ‘or ransiions: 4 Fezet statiztice for all lines |

To select aline, type its number into the box and click Update. Use Next and Previous to cycle
through the available lines.

The light is black if the line is off, yellow if it is an input that is on, and red if it is an output that is
on.

Y ou may set the line's peq state by clicking the radio buttons (Free... Forced ON... Forced
OFF..)).

The number of 'on' transitions indicates the number of times that the line has gone from OFF to
ON (whether spontaneously [inputs], as a result of a client command [outputs], or as a result of
pegging its state manually). Click one of the Reset statistics... buttons to reset this number. This
facility is intended to help you spot hardware faults — if many thousands of transitions occur in a
short space of time, for example, a hardware fault should be suspected.

The other information given in the box is exactly the same as that given in the line status view
(described earlier).
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6.4.8 Audio

Audio Displap  Touchscreen Help

Start tezhing all DirectS ound devices

Stop testing all DirectSound devices
Start testing Windows waveform sound
Stop testing Windows waveform sound

Start tezting selected zound device
Stop testing zelected sound device

The Audio menu enables you to test audio output devices.

Start testing all DirectSound devices causes sounds to be played on every sound device that is
not claimed by a client. See below for the filenames used to look for the test WAV files. The
sound(s) are played on a continuous loop. Multiple tests can be started, which tends to lead to a
cacophony (and possibly severe bandwidth overload - see below), but there you go; that's why it's
atest facility!

Stop testing all DirectSound devices cancels any ongoing DirectSound tests.

Start testing Windows waveform sound tests a facility not used by WhiskerServer. It sends a
sound to the Windows primary sound device; this enables you to establish which sound device is
vulnerable to interference from other applications. (It is the primary sound device that receives all
the beeps and bongs that your wordprocessor generates when you press the wrong key.) The
sound is played on a continuous loop.

Stop testing Windows waveform sound cancels any ongoing Windows waveform sound test.

Start testing selected sound device. If you have clicked on a sound device, this option tests
that device onits own. (Devices that are claimed by a client are not tested.)

Stop testing selected sound device cancels any tests on the selected device.

What sounds are played? WhiskerServer looks in the server's test media directory for files

named:
t est sound. wav Used to test Windows waveform sound.
t est devi ce0. wav Used to test sound device 0.
t est devi cel. wav Used to test sound device 1.
t est devi ce2. wav Used to test sound device 2... and so on.

Y ou can therefore choose your own test sounds. In the test release of Whisker v2.0, two sets of
sounds are supplied on the CD:

1. alightweight set, each a few seconds long in 8-bit 22-kHz mono or less, with the
introduction to a familiar TV show's theme music as the Windows waveform test, and
voices counting from 0 to 9 as the device test files;

2. aheavyweight set, each about a minute long in 16-bit 44-kHz stereo, with an excerpt from
Sibelius's violin concerto in D minor as the Windows waveform test and symphonies
numbered from 0 to 9 (Bruckner O, Beethoven 1-9) as the device test files. The second set
of files are of near-perfect sound quality, so these sounds test the quality of your sound
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system as well as the capacity of the server to deliver 176 kb s+ audio to your sound device
without interruption. If you have multiple (or split) sound devices, you can stress-test the
server further; for example, by testing ten sound cards simultaneously you require the server

to provide 1.76 Mb s, It might sound awful, though, if the speakers are near each other!

If Whisker can't find a suitably-named file, it tries again in the default multimedia resource
directory; if this fails, an error message is written to the server's event log.

6.4.9 Display

Dizplay Touchscreen Help

Show test pattern oh all displays

Bemove all test patterns
v Show detected touches on zerver's copies

Test pattern on 2elected display
Scale server's copy to fit dizplay
Enable mousekevboard input to server's copy

Show test pattern on all displays. Displays a test pattern on all display devices that are not in
use by a client.

Remove all test patterns. Does what it says on the tin.

Show detected touches. If this is selected, then any touches detected on the display will be
shown (using a gunsight picture showing the last touch event). This allows the user to monitor the
behaviour of an animal & operation of a touchscreen from the Server's console.

M ouse input mimics atouchscreen
If this is selected, then if mouse input to the server's copy is enabled (see below), this input will

generate Touch events (rather than Mouse events) on the selected displayed document. These
touches will be displayed on the Server's view if the option to display touches is selected.

Test pattern on selected display. Turns a test pattern on or off for the selected display (if it is
not claimed by a client).

Test patterns identify each display with a large number (helpful for multimonitor computers, in
conjunction with the Windows Control Panel). They display a 50-pixel rectangular grid so you can
assess the display's size, resolution and alignment. They display boxes of pure red, green, and blue
to check that colours are being displayed correctly. They also respond to mouse clicks (and, if you
have touchscreens fitted to the display, to touches).

Scale the server's copy to fit [the true] display.

Displays vary in size: physical displays may be on different monitors (640 x 480, 800 x 600, 1024 x
768...) and virtual displays may be any size. By default, the server's copy is shown at 100% size
(pixel for pixel) as the display itself. However, you may want to see the whole display at once, in
which case you can turn scaling on. Examples are shown below:
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Fim Edt Yew Zerver Chard Line fexlic Dioplasy Touchooman  Help

= WhithaiG e

e 0 Whisker: Physical display

Lo hatus
¥ Oiplay devaces
Posky e
= Chenits

= Chntrnte - e o Test Pattern

Ewend kog
Comraamicalons bg
Tirees everis
Liress in uze
Akyves fornes

= Diplays derwicess i ke

Watual driplag - bod
Dieplogs docunnerits

Docurment rands

Document sho
B0 deioes Fe

For Hedp. pros= F1 : MM
A server console view of a large (1280 x 1024) monitor displaying a test pattern.

Fie Edt Vv Serw Ll L fradc Dopley Jouctaomen

3 Whiskeiberen 0 Whisker: Plhysical display

Sareer daus
Sarver epent iog
Line stus Test FPatters
¥ Dlisplay devces
Casha deaces
= Chenk:
= Chentrumbess - Tast Chant
Indpmstonss s
Eventbg
Communicabons kg
Tireet everds
Lines in wie
Bhates hor nss
=1 Diaplay dewioss in st

iatual e plag - bt
Doy docuaeit:

Diciret pands

Duocurent who
i devices e

For Hedp. pres= F1 MM

The same view, but with 'Scale server's copy..." switched on. The scroll bars have gone and

the display has been shrunk to fit the server window. This allows you to see everything that
is happening on a display device.
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= whiskeiGonm i SRR (]
e E_t* W Servw Lherl L fealo Dipley Joucfomesn Help
= o
Cearwey apark iog
L shabuz
# Cisplay dessces
by devapes
- Chants
=1 Chand rusrbes 1 - st Chart
Irdpamsbonsslshie
Eventkog
Comwasscatons kg
Tz everdy
Lirsp i uze
Bl for ees
=1 Dviplyy devicss Fke
Prasaal Cepdep 0
fauial i plag - bt
Winkad deplegy - s
Dieejoiins dReounea s
Buipd dvioes e
lateorerernrrencceass) 1)
For Hedp. pros= F1 [ MM ']
In this case, a virtual display is smaller than the server console window and scaling is off.
The grey area at the edge is the area beyond that of the virtual display. Were 'Scale server's
copy...' to be switched on, the picture would be enlarged to fit the server's window.
Enable mouse/k eyboard input to the server's copy of the display.
Although the display itself normally responds to touch events, and to mouse events if it is a virtual
display or the mouse has been enabled on a physical display, the server's copy that you see within
the WhiskerServer console does not normally respond — the server's copy is principally for you to
see what's going on, not to interfere. However, you can turn on mouse input to make debugging
simple. With mouse input enabled, you can test your new touchscreen task without grubbing inside
the operant chamber.
6.4.10 Touchscreen
Touchzcreen  Help
Record all events to zerver's log for zelected touchacreen
Reinitialize UPDD interface for elected touchzcreen
Record all events to server's log for selected touchscreen. To select a touchscreen, click on
it in the Touchscreens view. This option, when ticked, records all touchscreen events for the
selected touchscreen in the server's event log.
Reinitialize UPDD interface for selected touchscreen. To select a touchscreen, click onit in
the Touchscreens view. If this command is clicked, the UPDD interface for this touchscreen is
asked to re-initialize itself. Try this command if a touchscreen appears to be malfunctioning.
6.4.11 Help

Help

Help Topicz

About ‘WhiskerServer...

Help topics brings up this help system.
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6.5

6.6

6.7

About WhiskerServer displays version and copyright information for Whisker, like this:

About WhiskerServer x|

WhiskerSerwer Yersion 2.4.00
& by Rudaolf Cardinal & kike Aitken

= hittp: # feaa. whizk ercontrol. com/

Copyright 2 19939-2002 Cambridge Univerzity Technical
Services Ltd. All Rights Reserved

Keyboard shortcuts

Press DEL ETE to remove a client forcibly. This key works when the desired client is selected
(either in the left-hand view or in the client summary list).

Press INSERT to send a debugging message to a client. (Y ou can press INSERT in a few more
places than you can press DELETE, because it's a lot safer!)

Press 1 to peg a line ON, when a line is selected.
Press O to peg a line OFF.

Press F to free up aline.

Use of the registry by WhiskerServer

WhiskerServer stores information in two places in the registry, that mysterious database at the
heart of Windows. The first place is for storing information specific to each user of the system.
That isin

\HKEY_CURRENT _USER\Software\WhiskerControl\\WWhisker Server

This is used for window size/pasition, default settings for client communication/event logging and
other options (e.g. allowing nonlocal clients to control devices), the server media path, the device
definition filename, etc.

The other place is for storing information that applies to all users of a computer, because it relates
to the hardware (digital 1/0 boards, display devices, audio devices, fake 1/0 lines, etc.). Such
configuration information is kept in

\HKEY_CURRENT _CONFIG\Software\WhiskerControl\WhiskerServer

Performance considerations for Whisker
The problem

Because Whisker runs in a multitasking environment, it is unavoidable that other applications that
consume processor time can slow down Whisker.

Nevertheless, we find the ability to run other applications incredibly useful, and on the hardware
we have used, it does not pose a performance problem. It is up to you whether you run other
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applications at the same time, and Whisker does its best to provide good performance and to help
you make this decision by providing performance information.

The way Whisker works

Essentially, the server asks Windows to send it a message every millisecond, or as close to it as
Windows can manage. When this message arrives, Whisker does two things. Firstly, it checks the
state of the digital input lines, and if any lines have changed state since the last time Whisker
looked, the server flags the change; if any clients are using those lines and have asked to be
notified of a change in their state, it sends the appropriate message to the clients. Secondly,
Whisker runs through all the timers being used by the clients; if any have timed out, it sends a
message to the client.

If the computer is slow...

From Whisker's point of view, the computer can be slow either because it is a genuinely slow
computer, or because it's doing lots of other processor-intensive things at the same time. Either
way, there are two potential consequences.

1. The system's 'reaction times' may deteriorate.

For example, suppose a client is running that switches on a light whenever a rat presses a lever.
The client will have requested to be informed whenever that lever is depressed. Y ou could think of
the system's reaction time as the time it takes for Whisker to send that message to the client, for
the client to receive it, process it, and send a command back to the server to switch on the light,
and for the server to receive that command and act on it. If the computer is slowed, this sequence
might take longer. (If you're living dangerously and the client and server are on two different
compuiters, then you're relying on the performance of both computers, plus the network that links
them!)

Monitoring round-trip performance
Frankly, | don't expect this to be a problem. In an attempt to assess it, | added the

Test Net Lat ency command (see the Programmer's Guide). If you run WhiskerTestClient,
connect to the server, and type in Test Net Lat ency, the following sequence occurs:

client sends Test Net Lat ency to server
server receives Test Net Lat ency, notes thetime (Time 1) and responds with Pi ng
client receives the Pi ng and responds with Pi ngAcknowl edged
server receives Pi ngAcknow edged, notes thetime (Time 2)
server sends the difference between Time 1 and Time 2 in an | nf o message

The upshoat is that you have timed a complete round trip, including processing times, and you will
receive a message like this:

Info: Network latency is 0 ns

On fast computers (e.g. Pentium-111/750, Windows 2000), the network latency is 0—-2 ms; on one
slower computer | tried (Pentium-11/233, Windows 2000) it reached 3—7 ms. |'ve tried to load our
machines quite heavily, and have not managed to get these latencies much higher; basically, TCP/
IP communication within a single computer is fast.

A delay of 7 ms might be unacceptable in an EEG experiment, but in simple behavioural contral |
don't think it's a problem. For a start, it is significantly shorter than the time it takes for a filament
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bulb lamp to reach a reasonable proportion of its final brightness, and certainly an incredibly brief
time compared to the times involved in activating lever retracting devices or infusion pumps. It is
also extremely brief compared to reaction times in typical tasks. Individual neuronal action

potentials last 1 ms; large myelinated neurons conduct at 70-90 ms™; a typical chemical synapse
takes 1 ms to conduct; peak muscle contraction takes 15 ms to develop in the fastest muscles in
the mammalian body (the extraocular muscles) and 30-100 ms for most skeletal muscles; similarly,
the somatosensory foot—to—cortex nerve conduction time in a human is of the order of 25 ms, and
conscious awareness of stimulus perception requires of the order of 100 ms.

However, repeated measurement of the same task allows much finer resolution to be reached;
thus, reaction time effects of 10-15 ms may be reliably measured. For such experiments, | would
suggest that you use a fast computer and follow the tips given below for optimal performance. The
most accurate technique for measuring reaction times is to use the time-stamping feature of the
server, removing inaccuracy due to network latencies; see TimeStamps in the Programmer's
Guide for a worked example.

2. The system may miss events.

In the situations discussed above, the system might respond to events slowly, but it would still
notice every single one. The potential to miss events completely is a much more important problem.
It might arise like this:

detector deviceis initidly OFF
poll #1: Whisker scans the hardware, finds the device off
device goes ON
device goes OFF
poll #2: Whisker scans the hardware, finds the device off

In this situation, the server would never notice the change. Is this a real problem? Well, if the time
between successive polls is 1 ms, probably not. There are no actions a rat can make that are
completely over in less than 1 ms! If you have a detector device that genuinely does generate
pulses in the sub-millisecond range, there is a real problem. We don't.

However, if the inter-pall time is considerably prolonged, a problem might arise. Therefore,
Whisker provides facilities to check that the inter-poll time is acceptable.

Monitoring inter-poll times

Part of the server status view is dedicated to performance monitoring. Here's a snapshot of this
view:

WWorst inter-poll interval so far [ms]: 2

This display is scheduled to be updated every 1000 ms

WWorst inter-poll interval since last update [ms]: 2

Since last update, have had 1004 polls and 3 yields

Of those polls, 100.0% were <=10ms, 0.0% were 11-20 ms, 0.02% were >20ms

Longest poll since last update took 96 microseconds

On the high-performance CPU timer, last poll took 186 ticks and last interpoll took 3397 ticks
High-performance CPU timer is running at 3579545 Hz

Server process priority: Real-time

Every second, this display is updated (together with several other clock-related server displays).
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This display shows that since the display was last updated, there have been 1100 polls, so the
average inter-poll time was 1 ms. All well and good. The worst single inter-poll time in the last
second was 2 ms; some indication of the distribution of inter-poll times is also given on the last line
of the display.

In this case, the longest inter-poll time since the server started running was also 2 ms. If this
number were higher, the long inter-pall time might have occurred when the server first started (this
sometimes occurs and is nothing to worry about, because no clients are connected then). When the
first client connects, and the server is not in real-time mode, there is sometimes a brief (e.g. 30 ms)
pause. Bt it's just possible (or if you're not running the server in real-time mode, fairly likely) that
the long inter-poll time might have occurred because you just ran some very processor-intensive
program.

By using the Server — Reset timing statistics command, you can assess the impact of running a
given program. When you have no clients running (or none that matter!), reset the statistics, then
run your program and see how bad the inter-poll time gets. If it exceeds your personal threshold
for worrying, don't run that program when you have an experiment going.

Bear in mind that you only have a problem if you run a processor-intensive program and it hogs
the processor at the same instant that your subject makes a response. The server display gives
you the worst-case scenario.

3. Timer accuracy

Timer accuracy is not affected by long inter-poll times occurring while the timer is running (though
potentially affected by a long inter-poll time occurring just at the moment when the timer expires).
All Whisker does on every poall is to calculate the absolute time that has elapsed since the timer
was created, and if this time equals or exceeds the programmed timer duration, it sends the timer

message.

Technical notes: Repetitive timers

Supposeatimer is set up to firerepetitively, once every 100 ms. What could cause this to beinaccurate?

Transmission delay. If asystem delay slows message transmission down by 10 ms, one message will arrive late,
and the subsequent message will ‘catch up' and be on the originaly scheduled time.

Alateclock tick. If the server isn't polled by Windows when the timer elgpses, the message will be sent late. In this
situation, the server could do two things. (1) If it schedules the next occurrence 100 ms later, the client will receive
one late message, and the subsequent messages will be phase-shifted and dl of them will be late from the point of
view of the orignal command, so the whole sequence will finish late. (2) Alternatively, the server could schedule
the next occurrence so it is ‘on time, in which case the client will see one late message and one that ‘catches up', just
as with atransmission delay . The overdl sequence will be of the desired length.

Whisker adopts strategy (2).

These scenarios areillustrated below:
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Technical schematic
Types of timer inaccuracy that are possible, illustrated with a repetitive timer
that fires once every 100 ms.
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Ways that Whisker tries to improve performance
Unless you're interested in the technical aspects of Whisker, skip this section.
High process priority

Under Windows NT, it is possible to set the priority of a running program. WhiskerServer, by
default, runs as a real-time (very high priority) process.

If Whisker consumed significant CPU time, running it as a high-priority process would detract from
the CPU time available to Whisker's clients. However, Whisker does not use significant processor
time for its critical functions — it makes frequent, brief checks of the hardware.

© Cambridge University Technical Services Ltd



150

Whisker

M ultithreading

WhiskerServer is effectively composed of several mini-programs or threads running
simultaneously. A consequence of this is that delays in communication with one client (or in
updating the graphical console displays) do not affect any other clients, or the regular polling of
hardware devices. Multithreading is discussed in more detail below.

But remember, it's not just about the server...

Although the server's speed is much more critical than the clients, as clients do not have to poll the
hardware, client speed will be affected by other programs. Programs that consume significant
CPU resources (e.g. Micrasoft Access 97; Adobe Illustrator 8.0) may slow your clients down if
run at critical moments.

Suggestions for optimal performance

All common sense, really; | suggest you view the ahility to use the testing computer for other tasks
as a luxury and judge for yourself whether it would cause problems for your task.

e |f you have really time-critical experiments running, don't use the computer for anything else
at the same time.

e Know what programs slow the system down and avoid them when you're testing. Y ou may
find that no program ever slows Whisker enough, because Whisker works hard to receive
frequent attention from Windows.

Don't push it. If you buy a slow computer, disable Whisker's high-performance features, set the
computer up as a web server, dedicate 25% of its CPU time to scanning for extraterrestrial
intelligence, and defragment your disk in the background while checking for viruses, running a
complicated screensaver and redrawing your plans for a nuclear power station, your system may
find itself a little overloaded.

Implement some general tips for high-performance computing.

Technical notes

Processand thread priorities

Windows dlows processes (effectively, programs) to run in four different priority classes: idle, normal, high, and
real-time, in ascending order. Within each process, Windows NT alows you to specify thethread priority. The
process priority is designed to reflect theimportance of the gpplication in the sy stem, and the thread priority to
reflect theimportance of different threads within that application. Windows NT itself sometimes dters the thread
priority slightly —for example, to dve aboost to threads that are recelving user input.

Whisker sets the process priority class, but does not dter thread priorities within the class (leavingthem at the
default, ‘'normd’ priority). These settings can be configured on aper-user basis. They are stored in theregstry
within \\HKEY_CURRENT_USER\Software\ W hiskerContro\W hiskerServer.

Hardwar e interrupts
Whisker uses pollingto respond to two classes of event: changes in the state of the digita input lines, and timers.

If the digtd 1/0 cards were capable of generatinginterrupts, then adifferent approach could be taken with the
input lines: instead of checking them regularly, Whisker could sit back and wait to be informed viaahigh-priority
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interrupt signad when one changes. Of course, timers would still haveto be serviced by regular polling, and | don't
know whether awhole flood of hardware interrupts would have adverse performance consequences, but it would
be an additiona mechanism of gaining performance.

Extremely technical notes

Threads used by Whi skerServer

Whisker is multithreaded. M ultithreading is a complex topic. These notes are here as areminder to me and as

somethingthat may interest you — nothing more.

WhiskerServer is written in C++, using M icrosoft Function Classes (M FC) and the M CL library (Cohen A &
Woodring M, 1998, Win32 Multithreaded Programming, O'Reilly), with permission. It uses the following threads:
e A user-interface (Ul) threaed, which (1) is the primary owner of al M FC objects, including the main server,

client, and socket classes; (2) deds with al user input, including mouse’key board input; (3) owns and draws
al visible windows.

e  Client communication threads (onethread per client), handling the T CP sockets used to communicate with the
client. All communication from the client arrives viathis thread. (Under Windows, T CP sockets are attached
to an invisible window, which receive WM _SOCKET_NOTIFY messages tha are passed through to the
M FC socket classes.) If this thread needs something drawn to awindow (e.g. if the client requested that a
bitmap be displayed), it does not do it directly, but sends amessageto the Ul thread requestingthat the
window beredrawn at the next available opportunity.

e A high-performance hardware pollingthread. A multimediatimer (MM timer') is set up to fireevery 1 ms,
usingits own thread. When it does so, the digital 1/0 boards and timers are polled through this thread, and if
communication with the client is necessary, this thread will send messages to the dlient's primary socket.

Insuring against starvation

A design such as this is vulnerable to 'starvation locking if the threads are of high enough priority . For example, if
the polling thread took 1ms or moreto execute, it would 'starve al other threads of CPU time (the OSmay alow
other high-prioirty threads within Whisker to pre-empt, but essentially Whisker would consume all of the CPU
resources). This could be monitored by communicating with alow-priority thread, and checkingthat it was being
serviced occasiondly . However, under Win32 al threads within aprocess (gpplication) must share their priority
group, so even if the lowest priority thread in Whisker was being serviced, other gpplication’s threads may not be.
The solution we have come up with is for the polling thread to pause for 1ms as soon as it is cdled. This means
that the pollingthread on anormally running machine will still execute every ms; however a machine which was
slowed for some reason outside of Whisker the pollingwill occur 'as quickly as possible without starving other
threads'.

The threads access the same data, and as two threads must not access the same data simultaneously, ‘thread safety”
is ensured by locking al data against such access. M FC classes do not expect to be addressed by multiple threads,
requiring particular precautions.

The server's process priority settingapplies, as the name suggests, to the process — dl the threads arein the same
process, and al receive the priority boost from this setting. The default (real-time) settingis recommended.

Limitson performance — 1 —multimedia display update processing is shared between clients. Threads
execute simultaneously . Red-time priority threeds arerarely slowed down by other programs running under
Windows (it's possible, but it's very unlikely). Therefore, it should be apparent from this list that nothingwill
interfere with client—server communication or hardware polling. However, onetask executed by the Ul thread will
pause execution of another task aso executed by the Ul thread. This primarily affects multimediadisplays, as they
aredrawn by the Ul thread.

For example, display-document access won't affect other clients, but display creation may temporarily pause
another client that's also tryingto creaste adisplay / destroy adisplay / show adocument on adisplay (and vice
versafor any of these functions) — because both tasks usethe Ul thread. Display redrawing may slow down
redrawing of other display s (though it won't affect client communication speed at al).
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6.8

| estimate these delay s as afew milliseconds or less (most such delay s will be sub-millisecond). They will dso
occur rarely . | doubt that they will cause problems.

Thetimetaken to load bitmaps etc. from disk does not contribute to these delays, as that is not part of the
redrawing process (the object is loaded from disk by the client thread and only drawn by the Ul thread). If disk
access delay s slow display s noticeably, simply create adocument in advance and load the bitmaps into it, then
switch that document into the display window (which is afast operation).

In principle, slow activities on the WhiskerServer console can affect and be affected by the speed of displays. Such
delays aredso incredibly smal. WhiskerServer is even invulnerableto atest that pauses execution of many
Windows programs — asituation generated by (1) disabling the Windows option to 'show window contents while
draggng (under Windows 2000, thisisin Control Panel — Display — Effects); (2) dragging the WhiskerServer
main window; (3) holding the mouse still with the button still down. Even this combination of events, which
prevents Windows messages getting through to many windows, does not affect WhiskerServer.

If this limit were significant, it would be possibleto create further threads (one client, one display thread).
However, dueto M FC restrictions, this would create the requirement to make temporary duplicates of the display
data (specificaly, because view windows on an M FC document must al bein the samethreed, and the display
documents used by Whisker may be viewed from the console—the Ul thread — as well as in the window intended
to be seen by thetest subject) and this would incur aperformance hit and use memory. Asit's not at al clear that
there's aproblem with display speed a the moment, | haven't gone down this road. WhiskerServer is fast.

Limits on performance — 2 —network subsystem. If you run your tasks across anetwork, you are subject to the
network's performance. Thisis not advised —the network facilities of Whisker are designed for monitoring task
status (it doesn't matter if the monitor program run slowly), not for running behavioural tasks themselves. Keep
thetask and the server on the same computer; this uses theinternal TCP stack and is fast.

Limitson performance — 3 —the impact of other programs on Whisker and its clients. As discussed above,
the high priority with which WhiskerServer runs means that it is unlikely to be significantly affected by anything
else happeningon your computer (this includes disk accesses, intense computation, etc.). It isvery rarefor
Windows programs to use the 'redl-time priority, because very few Windows programs need red-time
performance. Consequently, few programs (including most internal Windows functions) use apriority high enough
to interfere with WhiskerServer.

However, this may not betrue of behaviourd clients. Their performanceis usually less critical, because they don't
haveto poll the hardware —they just wait for the server to inform them of ahardware event. If task performanceis
critical, you must consider whether you want to run other programs (like y our database program) that may slow
down your task.

As part of thistopic, consider implementing my generd performance suggestions.

Limitson performance —4 — CPU speed and memory. It goes without sayingthat faster computers are more
capable of real-time performance. M ore memory improves performance by reducing the chancethat any program
gets swapped out to virtuad memory (i.e. hard disk).

Tips for a fast computing experience

For performance considerations relating specifically to Whisker, see Performance considerations
for Whisker. These tips are not specific to Whisker.

Tips for optimal client performance — avoid screen savers

To be conservative, and have maximum system performance, | suggest not running a screen
saver. Switch your monitor off to save electricity.

General performance tips — turn off 'smooth scrolling'
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Windows NT often installs itself to use 'smooth scrolling’ — when you drag a scroll bar, the screen
scrolls pixel row by pixel row, giving a pleasant but terribly slow scrolling effect. Personally, | hate
this; also, while the system is busy scralling, it isn't doing useful things. To speed up your work and
improve system performance, disable this feature.

The easiest way is to install Tweak Ul, from Microsoft, part of the '‘PowerToys' kit. (Ul stands for
user interface.) Once installed, you can choose Start — Settings — Control Panel — Tweak Ul

— General and turn off Smooth scrolling — and also turn off Window animation, another
annoying decoration.

If you can't find TweakUI, run RegEdit instead. Choose Start — Run and type inr egedi t
(where J stands for Enter). The smooth scrolling setting is in HKEY _CURRENT_USER\Control
Panel\D esktop\SmoothScrall, which is a DWORD value and should be 0 for 'off'. The window
animation setting isin HKEY _CURRENT_USER\Control

Panel\D esktop\WindowM etrics\MinAnimate, which is a string value, and should be '0' for off.

Further tips for a fast computing experience

Practical ways to speed up your Windows computer

These tips won't have much of an impact on WhiskerServer performance, but might affect your
client tasks' performance if you use the computer for other things (wordprocessing, analysis) at the
same time. They also make for happier high-performance computer users.

User interface:

o Turn off all special effects. Under Windows 2000, choose Control Panel — Display —
Effects. Turn off 'transition effects'; turn off 'show window contents while dragging'.

¢ Avoid large desktop 'wallpaper' pictures.

e Install Microsoft TweakUI. Then choose Control Panel — TweakUl — General. Turn off
'list box animation’, 'menu animation’, 'menu fading', ‘'menu selection fading', ‘'smooth
scralling' (an option particularly capable of crippling fast computers), ‘tooltip fading', ‘window
animation'. (Y ou may also like to turn on 'prevent applications stealing focus, which doesn't
affect the computer's speed but may reduce your tension level.)

Memory and disk:

e |nstall plenty of memory. Under Windows NT/2000, 128 Mb gives comfortable performance
with a fair number of applications running simultaneously; 256 Mb gives good performance.
Many computer manufacturers install fast processors and little memory; for example, |
recently used a Pentium-111, 750-Mhz machine with 64 Mb RAM, which was vastly inferior to
an AMD K6 at 233 MHz with 256 Mb.

o Defragment your hard disk occasionally. A minor point in comparison to everything else.
Shortcuts

Keyboard shortcuts:

e |If you have a Windows key (labelled #), remember that #—E brings up Windows Explorer,
#-M minimizes all windows and # alone brings up the Start menu. (There are other such
shortcuts.)
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¢ Alt—Tab cycles through running programs; Alt—Escape cycles through open windows.
Explorer shortcuts:

e Command Prompt Here — Windows NT 4. To be able to right-click a folder and pop up a
command window in that folder, run Explorer / View / Options / File Types / File Folder [NB
different from Folder] / Edit / Actions / Command Prompt Here / Edit. Then change d:
\winnt\command.exe /k cd "%1" to d\winnt\system32\cmd.exe /k cd "%1"

e Command Pronmpt Here — Windows 2000. Paste the following text into a file and save it
with a .REG extension:

W ndows Registry Editor Version 5.00
[ HKEY_CLASSES ROOT\ Di r ect or y\ shel | \ Command]
@" Command &Pronpt Here"

[ HKEY_CLASSES ROOTM Di r ect or y\ shel I \ Command\ conmand]
@"cnd. exe \\\"od\\\""

Then double-click the file to import it into the registry. Y ou should then be able to right-click

any folder in Windows Explorer, and choose Command Pronpt Here to open one at that
location.
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7.1

Auxiliary programs
A number of programs are supplied with Whisker, other than research tasks themselves. They are:

e WhiskerStatus, a status monitoring client.
e WebStatus, a web-based status monitoring client.

e WhiskerTestClient, a program to communicate with and test WhiskerServer directly via a
network.

e WhiskerReset, to ensure all devices are in a consistent state when a computer is started.
e Whisker Database M anager, to help you manage your databases.

WhiskerStatus

This program allows you to find out the status of your server(s). In conjunction with well-written
clients (behavioural tasks), you will be able to find out the status of each of your subjects without
leaving your office.

Run the WhiskerStatus program (Start — Whisker — Utility clients —» Whisker Status Client).
When you start it, and whenever you open a new window, it will ask you for the name and port
number of the server you wish to connect to.

WhiskerStatus - Connect to a W |

Server name:  |loopback

Server port:  [3233

Cancel |

The name loopback (or localhost) may be used as a pseudonym for the machine you are
presently using, i.e. if the server is running on the same computer as the status program. If the
server you are interested in is on a different computer, enter its | P name/address (e.g. somewhere.
psychol.camac.uk or 131.111.190.22).Y ou should normeally leave the port number at its default
value of 3233.

The status program will then attempt to open a connection to that server, and will display messages
telling you how it's doing. Once it's connected, then you can click the lightning symbol, or choose

Whisker Status — Update server status to request a status display from the server.

The default status display lists all the clients (behavioural tasks) connected to the server, showing
important information about who they are and what they are doing:

--- Start of WhiskerStatus report

Client4

Clientname: Second-order IVSA (box 0)

Client status: Box 0 (F6) - active 34, inactive 5, stim 3, reinf 0 - Task started
Clientlast communicated 0 min 3 sec ago

Client5
Client name: WhiskerStatus client (C++ version)
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Client status: OK
Clientlast communicated 0 min 0 sec ago

--- End of WhiskerStatus report

Y ou will always see the WhiskerStatus program itself in the display (in this example, it's client 5).
The status display may be improved in future versions!

The Name and Status fields are provided by the client. Y ou can see how useful it is to program
your clients so they tell the server what the subject is doing, because the server can then pass this
information on to the status program somewhere else on the network.

Remember that if a client closes the connection to the server, the server won't know about it. |f
your client closes the connection when the task is finished, you will have to learn to equate
"absence of client on the status list' with 'the client has finished'.

By clicking on the blank page icon, or choosing File — New, you can simultaneously open
connections to several servers, one per window. The title of each window shows the server it is
connected or attempting to connect to.

Y ou can copy the status program, Whi sker St at us. exe, to ancther computer (its default
location is \ Program Files\ W hiskerControl\ W hisker\ WhiskerS tatus); it requires no extra software to run
(except that TCP/IP must be installed on the computer).

7.2 WebStatus

Y ou can use a web browser to access the same status information that is displayed by
WhiskerStatus. In order to do this, you must have configured the machine that is running
WhiskerServer to host a 'status' web page (stored

in \Program Files\WhiskerControl\Whisker\Whisker Status\Web). A suitable web server (Xitami) is
distributed with Whisker; instructions for this package can be found with the installer.

Technical note: Why do we require a web server on the same machine?

In order to get the status information onto aweb page, the applet hosted by that page must make a connection to
the WhiskerServer. Within the security model for Java Appletsis therestriction that Java Applets may only open
connections to the host from which they wereloaded.
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7.3 WhiskerTestClient

Y ou can use this program to communicate with the server manually. 1t does incredibly little but is a
handy programming and test tool nonetheless.

“I' Whisker Test Client =10 %]

| lze “loopback’ ar "127.0.0.1"

for this rmachine.
Cloze
i RN e T laim O -alias mpsoun: j Send

Ready meszage 1: |LineEIaim 16; LineClair 17 LineClaim 47 LineClaim 0; Send 1
Ready message 2 || ineSetf vent 0 on FISHY; LineSetE vent 0 off wishy: L Send 2

Heady meszage 3: |LineS etState 16 an Send 3
Ready message 4: || ineSetState 15 off Send 4
Events:

Sent:  |LineClaim 16; LineClaim 17; LineClaim 47; LineClaim 0; LineClaim 15 [ wizhy
LineSetEvent 0 an FISHY; LingS etk vent 0 aff wizhy; LineSetEvent © | oooooooh
LineSetState 16 an

Received:

Info: ClaiméAccepted: Line 16 -output =]
Info: Claimézcepted: Line 17 -output

Info; Claiméccepted: Line 47 -output

Infa: Claiméccepted: Ling O -input

Info: Claiméccepted: Ling 15 -input

Info: EventSet: Line 0 [0] -on ="FISHY"

Info: EventSet: Line O [0] -off = Mwighy'

Info: EventSet: Line 15 [15] -on = "AAsARGH"

Cl |nfo: EventSet: Line 15 (18] -off = "oooooooh
H.Ef" Ewvent: wizhy
Doy Event: oooooooh hd

Connecting to the server. First, you need to choose a server and click Connect. The default
server address is 'loopback’ (or 127.0.0.1), which is computer-speak for ‘this machine'. To
communicate with WhiskerServer when it is running on another machine, enter that machine's IP
address — the address that looks like ‘'somewhere.psychol.cam.ac.uk’. The default port number is
3233; you probably won't need to change this.

Sending commands. Y ou can type into the box marked 'Message' and click Send (or press
Enter). Click the drop-down arrow to see a list of commands that the server should recognize.

Have a play. Try claiming an input line, requesting an event on it, and playing with the sensor it's
connected to. Try claiming an output line and setting its state. (The commands to perform these
tasks are described fully later; see the Programmer's Guide.) Explore the server console at the
same time. Try enabling the communication logs for client you are using. Y ou'll be able to find a
log of everything that occurred, and be able to watch the lines and events fly back and forth.
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Every message you send is shown in the window labelled 'Sent’. Messages that come back from
the server, plus a few status messages from the program itself, are shown in the box labelled
'Received. Any messages that come from the server and begin with 'Event:" are shown in the
‘Events’ window, with the event prefix removed.

Y ou can type in (or copy/paste in) a further set of messages into the Ready Message boxes, and
send them rapidly, either by clicking the buttons "Send 1" to "Send 4", or by pressing Alt-1 to Alt-4

Click Clear event history to wipe the slates clean.

Technical note

Using an immediate socket sy stem with this client requires that you fire up asecond copy, using adifferent port
number. This program hides aimost nothing from you - useful for learning how the sy stemis put together, if you
likethat sort of thing

Theclient was written in Visua C++ as adidogue-based application. It does not usethe client library that was
used to develop the behaviourd tasks. It is aderivative of thefirst Windows socket-based program written as part
of the Whisker project. It's done well.

7.4 WhiskerReset

This is a command-line utility that can be used to switch all the lines on or off when the server is
not running (or when Windows is not running).

Usage:
Wi sker Reset [ReverseQutputs | On | Of]

Rever seOutputs and On both turn all lines ON.
Off, the default, turns all lines OFF.

By default, WhiskerReset is run automatically when you boot a computer with Whisker installed; a
Technical Note on the installation process explains how to alter this behaviour.

Note

e Digital 10 lines connected to a BNC controller device or an ICS/ Advent card will not be
affected by the WhiskerReset program.

7.5 Whisker Database Manager

Many Whisker clients (certainly those written by the authors of Whisker) use relational databases
to store data, since this is one of the most powerful and flexible ways of managing the large
quantities of data that can be generated by behavioural experiments. They do so using the Open
Database Connectivity (ODBC) interface.

The principles of ODBC are as follows:
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Provides data.
Knows how to talk to ODBC,

Provides an interface so that any
application can talk to any

database, as long as they both
“speak ™ ODBC.

Knows bow to handle a specific type
of database (e.g. M§ Access 97,

MS Access 2000, MySOL,

Oracle).

Where the data ends up living.
Contains tables with columns
(fields) and rows (records).

Application
e.g. five-choice serial reaction time task

Communicate wsing a Data Souwrce Name (DSN)
to decide which database to use,
e.g. “FiveChoiceAmphetamine”,

Open Database Connectivity (ODBC) system
On Windows computers, this is part of Windows

DSNs are registered with ODBC, For example,
ODBC might bave been told that the DSN
“FiveChoice Ampbetamine” refers to the database
file e\Experimento\Amphetamine Experiment.mdb,
and is accessed by talking to the Microsoft Access
97 ODBC driver.

ODBC driver and database engine
e.g. Microsoft Access 97
with Microsoft Access 97 ODBC driver

!

Database file
e.g. C\Experimenté\AmphetamineExperiment.mdb

The Whisker Database M anager is a small program that may assist with database management.
For example, it can help you register your databases with ODBC so that they are accessible from
Whisker clients. The Database Manager looks like this:
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~ Whisker Database Manager x|

OPEM a databaze

CREATE [COPY]AMD REGISTER & HEW DATABASE from one supplied with a ‘whisker client/task

COPY [without regiztering] a databaze

BEGISTER a databaze with the Windows ODEC [Open D atabaze Connectivity] system

Open the DDBC MAMAGER [Data Source Administrator], far manual contral of 0DBC databasze links

UPDATE A DATABASE . adding fieldz to make it compatible with a newer version ‘

Other bools: Launch *Windows Explorer

Edit ODBC reqgisty 2 / SY'STEM and FILE DSM |

Advanced and dangerous [experts only]: Edit ODEC registy 1 / USER DSM

Exit e —

i whizkercontrol. com

The Exit button quite, and the www.whisk ercontrol.com button launches the Whisker web site in
your default web browser. For details of the other options, see the following entries:

e Open a database

e Create (copy) and register a database

e Copy a database

Register a database with ODBC

Open the ODBC Manager

Update a database

L aunch Windows Explorer

Edit ODBC registry 1/ user DSN

Edit ODBC registry 2 / system and file DSN

7.5.1 Open adatabase

Open a database. This opens a database file using the program that knows how to do so. It is
directly equivalent to double-clicking on the file in Windows Explorer. For example, if you have
Microsoft Access 97 installed, and you open a .MDB file, the database will be opened in Access.
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Choosze database to open 7 x|

Look in: Ia Rudalf analysiz j = £k EF-

M athar_final_project_304pr2004_0penQifice_embedded;
RMC_copy_Mathan_Combined_Access_37.mdb

File name:  |=.mdb Open |
Filez of type: IMiu:ru:usnft.-'l‘-.ccess databaszes [*.mdhb) j Cancel |

A

7.5.2 Create (copy) and register a database
This combines the steps of copying a database and registering the new copy with ODBC. These
steps (copying and registration) are shown separately below.

e Copy a database
¢ Register a database

75.3 Copy adatabase

This simply makes a copy of an existing database file! Y ou could also use Windows Explorer for
this, or a DOS prompt. The program will not let you overwrite an existing database, for safety
reasons.

_ | MonkeyCantab_source_code
% itonkeyCantab databaze [zample).mdb

File name: IM:::nke_l,lEantaI:u databasze [zample].mdb Open I
Filez of lwpe: IMiu:ru:us-:uft Aroceszs databazes [*.mdb] j Cancel |
o
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Choose the filename of your NEW DATABASE TO CRE 7 x|

Save in: | ‘23l PRIMARY DATA -] « @ ek EB-

| 1FINAL_COPY_TIM_AWOCADO_DESKTOR

[ IFINAL_COPY_TIM_STUFF_OM_AYOCADOD_ROOM_20

1 PRIMARY DATA 1 - Tim, AchC lesions, free-operant delaved reinf and matching
1 PRIMARY DATA 2 - Tim, AchC lesions, free-op perfarmance

1 PRIMARY DATA 3 - Nathan, AchC lesions, risk

1 PRIMARY DATA 4 - Rudalf, deval actions acq with delayed reinf

1 PRIMARY DATA 5 - Tim, hippa lezionz, delay choice tagk

1| | -

File narme; IE:-:p_M ay2005_visual_dizcrimination Save I
Save as type: IMiu:ru:us-:uft Access databazes [*.mdb] j Cancel |
4

Whizker Databaze Manager - Pleaze confirm copy x|

Copying
C:\Program Filez\tonkeyCantab\MonkeyCantab database [zample]. mdb
ko

O:APRIMARY DATANE xp_Map2005_wizual_dizcrimination. mdb

QK to proceed?
Cancel |
Whisker Database Manager |

Succesziully copied
C:“Program FilezhkaonkepCantabhbonkepCantab databaze [zample]. mdb

ta
D:APRIMARY DATANExp M apZ005_wisual_dizcrimination. mdb

7.5.4 Register adatabase with ODBC

This allows you to register a database with ODBC, giving it a Data Source Name (DSN) in the
process. Y ou can do the same directly with the ODBC Manager, but this may be slightly simpler
for some people. First, choose your database file:
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Choose database to REGISTER with DDBC 7 x|

Look in: | (3 PRIMARY DATA 5| - ® ek -

| PRIMARY DATA B - Tim, hippo lesions, free-operant acqg with delayed reinf
_ I TIM_CD_ExP3 4 5(22 Sep 2004
3 Exp Map2005_wvizual_dizcrimination.mdb

Type: Microsoft Access Database
Size: V1B KB

I+

File narme; IE:-:p_M ay2005_wizual_dizcrimination. rmdb Open I
Files of type: IMiu:ru:us-:uft Access databazes [*.mdb] j Cancel |
4

Now, on to the registration process:

Whizker Database Manager |

Enter the new HAME for the new ODBC connechon;

IE:-:p1 ¥ _wizual_dizcrimination

(] I Cancel |

Whisker Databaze Manager x|

Enter the new DESCRIFTION far the new ODBC connection:

IE:-:periment 17, wizual dizcrimination [kay 2008]

k. I Cancel

Y ou'll need to specify what kind of database file it is:
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X

Corverzor de paging de codigo M5

Diriver da Microsoft para arguivos texto [%.bat; * cav)
Diriver do Microzoft Acceszs [*.mdh]
Diriver do Microsoft dB ase [*.dbf]
Drriver do Microzoft Excell* xlz]
Drriver do Microzoft Parados [*.db ]
Diriver para o Mu:ru:usu:uft ‘»-"lsual FoxFro
Hll o Wk ||H \ ooess L '-.-'_. “ T ]
kdicrozoft .-’-'-.u:u:ess Treiber [*.mdb]
Microzoft dBasze Driver [*.dbf)
Microzoft dBaze FP Driver [*.dbf]
Microzoft dBasze-Treiber [*.dbf]
icrozoft Ewxcel Driver [ 6lz]
Microzoft Excel-Treber [*.xlz]
ticrozoft FoxPro Driver [*.dbf]
Microzoft FosPra WFP Driver [=.dbf)
Microsoft ODBC for Oracle

hdimrmn - FE D e dmis Dieime 1% AR

] I Cancel

|

21

N R A = |E =pd £ vizual dizcrimination QK I
D ezcription: IE:-:periment 17, wizual discrimination [k ay 2005]

Cancel |
— Databaze

Databaze: Db
Select. . | LCreate. . | Repair... Compactk... |

— Spstem [ atabaze

@ Maong
" Database:

Syztem Databaze..,

Help |
Advanced... |

Optiongs >

Whisker Databaze Manager |

Succeszfully regiztered databaze with DB,

Having gathered this information, it is fed into the ODBC Manager, which appears like this:

ODBC Microzoft Acceszs Setup

Y ou can edit the settings at this point, and when you click OK the database is registered.
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755 Open ODBC Manager
This opens the ODBC manager itself [you also get there by clicking Start — Settings — Control
Panel — Administrative Tools — Data Sources (ODBC)]. Y ou can add, remove, and modify
DSNs (and what they refer to) here. | suggest you keep your data sources (DSNs) in the "User”
category, which are visible to the current user but not to other users of the same system. This is
where the Whisker Database Manager will register DSNs for you. The "System DSN" category is
an alternative; DSNs here are visible to all users of the system.
£"10DBC Data Source Administrator 7| x|
Uszer DSM | Sustem DSH ] File DSH ] Drivers] Tra-:ing] Connection F'l:n:uling] About ]
Uzer Data Sources:
| Driver B Add...
Mizrazoft Access Driver [*.rdb)
Microsoft Access Driver [*.mdb) Bemove
ConditionedR einforcement Microsoft Access Driver [*.mdb)
dBASE Files Mizrozoft dBagze Driver [*.dbf) Configure...
DelmeCh Mizrozoft Access Driver [*.rmdb)
Excel Files Mizrazaft Excel Driver [%.xlz]
Ewpl7_wizual_dizcrimination  Microzoft Access Driver [*.mdb]
FiveChoice_prototype Microsoft Access Driver [*.mdb)
FaxPra Files Mizrazaft FosPra Driver [*.dbf]
IrTDuIsiveEhu:uin:e orotobupe Microsoft Access Driver [“.mdl:lr] b
4 *
A ODBC User data zource stores information about how to connect to
the indicated data provider. A& zer data source iz only visible ko pou,
and can only be uzed on the current machine.
] | Cancel Help
7.5.6 Update adatabase

To explain this option, let's imagine a common scenario. Y our pet programmer or software supplier
gives you a lovely behavioural task. The task knows that it should store its data in a database (as
well as in text files, just to make sure no data ever get lost). The task knows the names of the
tables and the fields (columns) in those tables. For example, it might want to store the total
number of responses in a task involving simple schedules of reinforcement, and it might know that
its database should contain the SinpleSchedules_ResultSunmmary.Total Responses field (that is,
the field named TotalResponses in the table named SmpleSchedules ResultSummary). All well
and good - and with the task itself is supplied a prototype database - i.e. one that contains no data,
but contains the table structure that the task needs. Y ou are not recommended to store data
in the prototype database, in case you accidentally delete it while cleaning out your C:\Program
Files directory, but you are recommended to mak e your own copy of the prototype, or several
copies for different experiments, and use those copies.

But now suppose you receive a software upgrade. Let's suppose you use the MonkeyCantab test
battery. Now, suppose you or somebody else requests a new feature (for example, the ahility to
rotate target stimuli in the delayed matching/nonmatching to sample or DM TS task). And then you
receive a new version of MonkeyCantab, with a brand new prototype database. There may be a
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new field in the prototype database, such as DMTS_Config.UseRotation.

e |f you use the old task and your current working copy of the (old version of the) database, all
is fine.

e |f you use the old task and a copy of the new prototype database, all is fine (since a field has
been added, not deleted, in the new version).

e |f you use the new task and a copy of the new prototype database, all is fine.

¢ But suppaose you want to use the new task, but continue adding data to the same database as
before? Well, you need to add this new field, DMTS_Config.UseRotation, because the new
task will be expecting it. The Whisker Database M anager does this for you.

To use this feature, the new prototype database and the old (working) database must
both be registered with ODBC. Then, simply choose the Data Source Names (DSNs) of the
new (source) database, and the destination database (the one you want to upgrade):

Choosze two databaszes from thoze registered with ODEC x|
Source [e.0. newer] database IManeyEantah_PHDTEITYF'E j

Desztination databaze [database to be MODIFIED]: fomkesiantab. oid. db. eith, my data

»»> Proceed to upgrade | Cancel

Then click Proceed.

Whizker Databaze Manager

Analyzing databazes. Pleaze wait...

The differences between the databases will then be analysed, and commands generated in a
universal database language called SQL (Structured Query Language) to make the
destination database compatible with the source database. V arious tick boxes are provided to
alter the SQL slightly, since some databases (notably MS Access 97) don't accept standard
SQL exactly. In the example below, there are no CREATE TABLE commands (so there are
no whole tables that are present in the source but not the destination), but there are eight fields
(columns) that are present in the source database's DMTS_Config table that aren't yet in the
destination database's version.
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Whizker Databasze Manager - Propoze ﬂ

Fleaze note that yau may copy anuthing shawh in the boxes here ta the clipbaard with Chl-C.
Fropozed changes. Mate that any IMDEXES will not be copied [nor stored quernies, ete.].

ALTER TABLE DMTS_Canfig ADD COLUMM PhaszelDrawifithoutR eplacement BIT : =l
ALTER TABLE DMTS_Config &D0D COLUMM PhazelLocationectarkdultiplier INTEGER
ALTER TABLE DMTS_Config DD COLUMM Phase2DrawifithoutR eplacement BIT ;
ALTER TABLE DMTS_Config &DD COLUMM Phazeslocation'ectarkdultiplier INTEGER
ALTER TABLE DMTS_Config ADD COLUMM LevelDdwORMultiplier INTEGER;

ALTER TABLE DMTS_Config A0D COLUMM RequireleverTaStartTrials BIT ;

ALTER TABLE DMTS_Config ADD COLUMM UseRotation BIT;

ALTER TABLE DRTS_Config ADD COLUMM Jumble'f ariants BIT

< I;IJ

[ Include MOT MULL constraints in ALTER TABLE commands.

Same databaze engines may [zensibly] refuse to add MOT MULL constraints if there is
already data in the destination database and no default value is given. Some don't mind.
Try it arnaan?

[ Include COMMENT clauzes. Some databazes [e.g. MS Access 97) can't deal with thern.
[ Include DEFAULT clauses. Some databazes [e.g. MS Access 97) can't deal with them.

[ &dd multiple columng in one ALTER TABLE statement. Some databaszes [guess...] can't.

The following fields EXIST IM BOTH DATABASES but are DIFFEREMT. They will not be
modified, to avoid damaaging exizting data. Pleaze fix these problems manually.

I

o

(0K, make changes Cancel |

It may be that a field exists in both the databases but the field has a different type in each
database. For example, if Tablel.Feldl in the source database is of type VARCHAR(50)
(meaning variable-length character data, or text, up to 50 characters long) and Tablel.Fieldl in
the destination database is of type INTEGER (i.e. whole numbers), then there is an
incompatibility. The Whisker Database Manager highlights these in the bottom edit box, and
will not attempt to alter those fields (because that might cause loss of data). It's up to you to
deal with this problem manually.

Click OK to make the proposed changes. If any errors are generated, a window will pop up
showing the SQL command that failed, so you can work out what the problem might be.
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Whisker Databaze Manager |

Mew fieldz have been added to the destination databaze

7.5.7 Launch Windows Explorer

Opens the familiar Windows Explorer, allowing you to manage files. Y ou might like to know that
pressing the Windows key (#) and E together also opens Windows Explorer!

M=
File Edit “iew Favoites Toolz Help |
S Back v = - | @Search ||:E;FOIders @ | E R XKoo | FEFE
Address I@ tdy Computer j @GD
Folders x Mame ¢ | Type | TotaISizel Free Spacel
(] Desktop &9 3% Floppy (] | 3%Inch Floppy Disk
@ My Computer gDEGRET_CIC) Local Disk. 37.2GB 11.0GE
G-E8 My Metwark Places g Egret_D D] Lacal Disk 152 GB 137 GB
-8 Recycle Bin =) Removable Disk [E:]  Remowvable Disk
D REFERENCE J’,_g:l.-’-‘«udi-:- CD[F) Compact Dizc 0 bytes 0 bytes
@ by Documents = Maztor_OneTouch_... Local Disk 279 GB 226 GB
(=] Contral Panel System Folder
|? object(s] |@. My Computer 4

7.5.8 Edit ODBC registry 1 -user DSNs
WARNING: EXPERTS ONLY.

Launches RegEdit to examine the HKEY_CURRENT_USER\Software\ODBC.INI tree, where
user data sources are managed.

DO NOT MODIFY SETTINGS UNLESS YOU UNDERSTAND THE CONSEQUENCES FULLY
-- YOU COULD BREAK YOUR OPERATING SYSTEM USING REGEDIT
INAPPROPRIATELY.
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7.5.9

4" Registry Editor

Beaistry  Edit “iew Favortes Help

=10 x|

D M acramedia
D MarkaTech
D b atrox
D Microzoft
D Minoqua
-2 Mozila
Cl mozilla.orng
-2 MyFamily.com
- MNational Irstrumerts
{:l MCompazs
{:l Metscape
D Metwark Associates
D MewsStand
D Mico Mak Computing
D Morthcode Inc
D Ochre Software
=3 oDeC
SN e ODEL NI
{:I Adh_test]
. E=-{1 BBB_test2
{:l ConditionedR einforcement
-] dBASE Files
D DreluxeCD
[+ Excel Files

=

Mame

[Defaul)

4] |

My ComputerA\HKEY CURRBENT_USERAS oftware\0DECADDBC.INI

&=

Edit ODBC registry 2 - system and file DSNs

WARNING: EXPERTS ONLY.

Launches RegEdit to examine the HKEY _LOCAL_MACHINE\Software\ODBC.INI tree, where
system data sources are managed and file DSNs are pointed to.

DO NOT MODIFY SETTINGS UNLESS YOU UNDERSTAND THE CONSEQUENCES FULLY
-- YOU COULD BREAK YOUR OPERATING SYSTEM USING REGEDIT

INAPPROPRIATELY.
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=10 x|

D k) ational [nstruments -]
D Metzcape

-7 Metwork Associates

D MewsStand

D Mico Mak Computing

D Ochre Software

=1 ODBC
SR ODBC.INI

~{_] ODEC Data Sources

-{Z]] DDBC File DS

- secondorder

=3 ODBCINST.IMI

-7 Conversor de pagina de codigo M5

{17 Driver da Microsoft para arquivos texto |
{17 Driver do Microsoft &ccess [*.mdb)

-~ Driver do Microsoft dBase [*.dbf]

[ Driver do Microsoft Excel*.xlz] J
7 Driver do Microsoft Paradox [*.db )

[ Driver para o Microzoft Wisual FosPro
{7 Microsoft Access Driver [mdb)

{1 Microzoft Access-Treiber [£.mdh)

{1 Microsoft dBase Driver [*.dbf]

{1 Microsaft dBase WFP Driver [*.dbf] _lﬂ

4| | 3

Mame

[Defaul)

4]

|My ComputerA\HKEY _LOCAL_MACHINEASOFTWAREADDECADDBC. INI

&=
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8.2

Programmer's Reference

Introduction

The Whisker system is based on a client—server model. The server is a program that talks
directly to the hardware controlling the operant chambers. The clients are programs that you can
write that instruct the server how to control the chambers. A client implements a behavioural task,
such as an FR-5 schedule of responding on a lever for pellets, or a five-choice serial reaction time
task.

Several clients can communicate with a single server, and they operate independently. Because of
this, you need only program the task client to cope with a single operant chamber, and then run
several copies of the client when you want to use several boxes at once.

This brings several immediate advantages: (1) it simplifies the process of writing a task, because
you only need to be concerned about one box; (2) it becomes almaost impossible for a task to
accidentally activate a device in the wrong box; (3) you can run any combination of different tasks
at the same time without special programming.

Whisker commands are text messages sent between the WhiskerServer and the Client. How you
write your programs will affect how much detail you need to understand about this communication.
If you write your programs in VisualBasic, using the SDK Control, or in C++ using the
ClientLibrary, you need not worry about this communication model at all — the tools will take care
of it for you!

Technical description

The system is based on standard PC-compatible computers running Microsoft Windows® NT 4 or
Windows 2000®. Standard digital input/output (1/0) control hardware from an electrical
engineering company is used, along with Windows-compatible multimedia devices (in Multimedia
editions of Whisker). Proprietary hardware has been avoided to minimize cost.

The Whisker server controls the digital I/O and multimedia hardware directly, and treats each input
and output line as a resource to be managed. Clients communicate with the server (via the TCP/IP
network protocol) and may request the use of a set of 1/0 lines, typically to control one or more
operant chambers. Each client then instructs the server to switch output / control lines on or off,
and asks to be informed of certain events. The client declares which events it wishes to be told
about. For example, it may request to know about any of the following events: an input / response
line goes on or off, an area of a touchscreen is pressed, or a certain time has elapsed. With this
information, each client can implement a behavioural task.

This system was adopted in order to enable independent and different tasks to be used
simultaneously without restricting the clients to a pre-specified programming language, as this can
only reduce the flexibility of the system.

The inner workings of the system are described in full in the Programmers Guide so that you can
program your own behavioural tasks with it if you choose.

Advantages

The use of a TCP event-driven server brings the following advantages:
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1. It enables client applications to be written in any programming language that can use TCP
communications. Users are therefore not tied to a particular language, client applications can
be as sophisticated as you wish, and programming skills will transfer to other tasks. Y ou can
use a compiled language so that syntactic errors are picked up before you go live.

2. The server and clients can run on different computers if desired (though this relies on good
network performance for real-time control).

3. Applications that are already geared towards TCP communications will readily lend
themselves to further extensions. One such feature built into the system is the ability to find out
your subject's progress, or even to control a session, from another computer in a remote
location.

4. The communications system is designed for easy, logical programming. Particular attention
was paid to avoiding the potential for programming errors that are common in some other
operant control systems, such as conflicts between timers.

5. The system can run different client applications simultaneously, allowing different tasks to be
used in different boxes at the same time. While applications may be written to control (say)
four boxes simultaneously, it is easier and more useful to write a task for a single box; the
system will then run four copies of this task and so every task written for the system allows
boxes to be run asynchronously without special programming. Y ou can even use one chamber
for writing and debugging a new task without fear of disrupting the other chambers.

Other helpful features:

6. Behavioural tasks can be expanded to include functionality not supported by more specific pre-
defined languages. For example, many clients in use within the Cambridge laboratories file
their data directly into a relational database, as well as saving a human-readable account of the
data.

7. The server allows certain output/control lines to be given special properties: Failsafe lines are
used to ensure that the digital i/o system reverts to a safe state if there is a catastrophic failure
(e.g. power loss to the computer). Safety timers can be set for any output/contral line to
ensure that a design flaw or communication loss with a client does not leave the systemin a
dangerous state for longer than a specified time. These features may be used with IV pumps,
shock generators, etc.

8. Extensive support for the commonly used languages. The Software Development Kit for
Whisker provides support to allow tasks to be very quickly and easily developed in the
commonest languages: VisualBasic & C++. These tools can also be used in other RAD
environments (such as Delphi, C#) which support the ActiveX model.

The computers are standard PC running Microsoft Windows®, so they can be used for other tasks
(word-processing, data analysis) when not running behavioural tasks. Depending on your system's
speed, you may even be able to use the PC for other things when it is running behavioural tasks.

Y ou can connect your operant control computers to your local area network to move data around
the network, print to remote printers, etc.

Note: Advanced clients

e Clients could be written to implement any possible function, such as to interpret other popular
behavioural control languages (e.g. there is no technical reason why a client could not be written
to interpret Arachnid programs, or Med-PC® scripts).

e Clients do not have to run on the same machine as the server. They do not even have to run
under the same operating system; while the server is Windows-based, clients could run under
UNIX or any operating system that supports TCP/IP.

Limitations
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Limtations of the systent

1. Typically, clients run on the same computer as the server; thus task responsiveness depends on
the speed with which TCP messages get sent from one program to another within the
computer. Whisker provides facilities to monitor this performance, and we consistently achieve
time resolution within 1 or 2 ms. However, as with any multitasking system, very heavy
processing loads can slow this down for brief periods - although resolution of >10ms is
extremely rare. However, it is inadvisable to run other software at the same time as the
operant control system until you have checked the effect of this software on your system's
performance.

2. |If the control computer is connected to a network (this is not a requirement for the
WhiskerServer, but is required to take advantage of the network functions such as remote
monitoring) it is potentially vulnerable to denial-of-service attacks from other computers on that
network. If that network is part of the Internet, the range of potential attackers is large. This
problem applies to any networked computer, not just the Whisker system, but the data
collected via Whisker is likely to be very important to you! Smilarly, it is a matter of choice
whether you allow computers outside your network to connect to your Whisker servers. (By
default, other computers are allowed to ask the server for status information, but not to gain
control of any digital I/0O hardware.)

Features not currently implemented:

1. A limited range digital I/0 hardware is presently supported (Amplicon PC272 & PC272E
cards and, as of version 2.4.0, Advantech PCI 1753 cards).

2. Devices other than simple digital 1/0 lines — for example, serial communications or analogue
control — are not presently supported, although support for these devices is under
development.

3. Clients must be independent, stand-alone programs, requiring users to have programming skills,
although the choice of such languages is wide. (This was a deliberate design feature, to make
the system as powerful as possible.) At present, there is no "special’ client that would allow
you to design behavioural tasks in graphical form with no programming skills, but such a client
could be written.

8.3 Communicating with WhiskerServer

This section details the precise implementation details of the format of the messages which are
passed between WhiskerServer and Client tasks. This information is for those who wish to
program WhiskerClients directly, and for reference.

Note that if you are using the SDK (ActiveX WhiskerControl for VisualBasic, or the C++-
compatible WhiskerClientLib library) you will not need to worry about this section: the SDK will
handle all socket implementation and communication details for you.

8.3.1 Communication: principles and message formats

Messages are passed between the client and server through a 'socket’, which is a link between two
programs through a network. The two programs can be on the same computer (I expect you will
normally use this mode) or thousands of miles apart. The client/server computer(s) must have
TCP/I P installed — the standard protocol for Internet communications. The client connects to the
server by opening a connection with a standard port number, which is 3233.
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Each message constitutes a single string. This is a very general format, which is why | chose it.
Mast modern computer languages have no difficulty understanding and manipulating strings, and
humans can understand string-based output. If the client or server needs to send a number, it is
simply encoded in a string; thus 15 is sent as '1' (ASCI1 49) followed immediately by '5' (ASCII
53).

For technical reasons, it is impossible to guarantee that two separate messages do not get
concatenated when sent over the network (or that a single message is not split into two).
Therefore, each string sent by the server ends in a linefeed (LF; ASCII code 10 decimal, OA hex,
also written as CTRL-J,*J or \ n). When you send commands to the server, you must also end
them with a linefeed or carriage return (CR), in case two of your commands become concatenated
in transit, or one of your commands is split over two packets. Y ou may also use a semicolon to
separate commands.

If you need to pass a parameter that has a space or a sermcolon in it, enclose the parameter in
inverted commas (). For example,

M essage (- denotes carriage Interpreted as... (e denotes
return or linefeed) separation of parameters within
one message)

messageone; nessaget wo nessageone
messaget wo

messageone; nessagetwo nessageone
messaget wo

messageoneJnessaget wo messageone
messaget wo

nessage paranil paran? messageepar anilepar an?

nessage X y z nmessageexey ez
nessage "x y" z nessageex yez
nmessage X y; z nmessageexsy

z
message x "y; z" messageexsy; z
nessage x"y; z" nessageexsy; z
message x "ydJdz" messageexey

z

this last exanple is probably an
error on the part of the client!

The messages are described in the Whisker Command Set documentation. Strings to be quoted
literally (in computer-speak, 'string literals’) are shown in plain or nonospaced type; parameters
are shown in <italic> type surrounded by angle brackets ( <>).

Client commands do not use a colon and are not case-sensitive. The server will accept multiple
commands in one packet if they are separated by a carriage return (CR, *M CTRL-M, ASCII 13,
\r), alinefeed (LF,*J, CTRL-J, ASCII 10,\ n) or a semicolon (; or ASCII 59). Quotes (inverted
comma, ", ASCII 34) may be used to surround parameters that include spaces or semicolons, as
described above.
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Server responses use a colon, and will always give messages as they are described in this
manual — CapitalizedWords with no space between them, a colon, a space and the rest of the
message. (Exceptions: a colon is not given for Ping and PingA cknowledged commands, which can
be sent by either the client or the server.) The server will always terminate each of its messages
witha LF (\ n, ASCII 10).

8.3.2 Creating and connecting sockets

'So how on earth do | make a socket?

By far the easiest way to do this is by using the Software Development Kit. This provides all the
sockets and message programming you need, and you will never have to worry about how
messages work. If you are not using the SDK, then the way of making sockets will depend on the
language you are using — but be assured that it is easy! Concrete examples are given later.

8.3.3 Adual-channel communication system: a general-purpose and an
immediate-response socket

Caution: technical information!

The event-driven system and the separation of client and server is an enormously powerful
technique, but it involves one area of complexity. That concerns queries that require an immediate

and specific response.

For example, if (as the client) you wish to know whether an infra-red nosepoke detector is on or
off, you may ask the server. But you do not wish to pause while waiting for the answer (you wish
to know the device's state now, and you do not want to hold up processing of other ongoing
events).

Imagine that as you begin to ask this question of the server, the server has detected a lever-press
for which you have requested natification. It sends the event message at the same instant you send
the query about the nosepoke detector. We have a dilemma: you don't want a lever-press event in
response to your nosepoke query, you don't want to process the lever-press event until you know
the nosepoke detector status (let's say), and you don't want to have your 'nosepoke query' routine
handle lever-press events itself (that would be needlessly difficult to program in a task of realistic
complexity!).

This is a problem whenever we have one channel of communication and when the server may
send event messages at unpredictable times. If the 'client’ and 'server' were the same program
(as in every other operant control system currently on the market, to my knowledge) it would be
easy to organize the program so the nosepoke detector request could take priority and hold up
processing of the lever-press event. But this would defeat the many advantages of client—server
separation. So we must get around the problem.

The way | have chosen to do this is to use two communication channels between the client and
the server. Now, you don't have to use two channels, but whenever this problem crops up it is a
good solution (and believe me, it crops up all the time). In the network system we are using,
communication channels are known as sockets, so this is a two-socket system.

One socket is called the main socket. Y ou may send commands to the server through this socket,
and the server will send all of its event notification messages (and other unsolicited information)
down this socket. The other is a called the immediate socket. The server guarantees two things
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8.3.5

about communication down the immediate socket:

1. The server will send nothing to you through this socket, except in direct response to
commands that you send to it through this socket.

2. Every command you send will be responded to immediately, and that response will comprise
a single message, or one line of text.

As the client, you should implement the immediate socket as a 'blocking' socket (I apologize for
the networking terminology; this means that when you say to the socket 'give me the server's
reply’, it waits for that reply if necessary and then returns it to you; the socket never says 'sorry, no
information has come from the server yet').

Don't worry, you shouldn't have to work with this system directly — all the technical detail is
implemented for you in the SDK.

Y ou cannot connect more than one immediate socket to a given client.

Clients can issue commands on either the main or immediate socket. If the comand is issued
through the immediate socket, as most will be, the Server will send areply (an| nf 0: message
about success, or an Er r or : or Synt axEr r or : message about failure) to the main socket
only. The possible replies are shown in the reference above. Responses down the main socket give
a good deal of ancillary information and are useful to the watching human.

If a command is sent to the immediate socket, then a single reply will be sent to the immediate
socket. In general, responses to commands down the immediate socket are much simpler and more
sharply defined, and consequently easier to deal with for the client task. If the command fails, the
server will also send the relevant Synt axError: or Er r or : report to the main socket, in
addition to the message on the immediate socket. If the command succeeds, no | nf 0: message
will usually be sent to the main socket.

Note once more that every message coming from the server will be terminated by a linefeed (LF,
ASCII 10,\ n), and that client messages should be terminated by a linefeed, CR or semicolon.

Network responsiveness

One final technical point: you must disable the Nagle algorithm on your client's sockets (by
instructing them to set the parameter TCP_NODELAY). This guarantees crisper network
transmission and better latencies (albeit at the expense of more traffic). Otherwise, the client's
TCP stack might sit around waiting for you to send enough information to fill up a packet —
meaning that your vital command hasn't got through to the server on time.

The SDK performs this chore for you automatically.
Technical notes on TCP/IP methods
Why two communications channels?

The network administrators out there may be wonderingwhy | didn't use out-of-band transmission on the main socket:
because not dl client languages (and not even al TCP implementations) support it.

Wide-area networks

The more network is in between the client and server, however, theless rapid the sy stem's response becomes (especialy
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8.4

on abusy network). Thisiswhy | recommend kesping the client and server on the same computer. However, it is easy
to find out the status of the operant chambers from adifferent computer; | imagne this will be the main practicd use of
this feature. The design didn't depend on this, though; if you're goingto separate the client and server, you need a
communication protocol, and TCP/IP happens to carry associated benefits.

TCP port numbers

Every typeof program that communicates over the Internet (or similar TCP/IP networks) has aport number. For
example, the Web uses the HT TP protocol, which runs on port 80. The Whisker defaults to using 3233 as its main port.
This useis regstered with the Internet Assigned Numbers Authority (IANA), so should not clash with any other
functions on anetwork.

Network speed and concatenation of packets

For thoseinterested in such technical matters, the server disables the Nage T CP agorithm to ensurethat al packets are
sent immediately (this is achieved by instructing its sockets to set the parameter TCP_NODELAY). Neverthdess, if the
server sends two packets in very quick succession, the TCP agorithm amagamates them. This does make sense from a
network performance point of view.

A similar problem is encountered when alarge(ish) packet is sent — it is possible that the TCP/IP stack splits a message
into two packets. For these reasons, there must be enough information in the dataitsef to establish where one command

ends and the next begins, so aterminator signa (CR / LF / semicolon) is used.

SUMMARY OF WHISKER COMMANDS

The heart of the Whisker control system is the exchange of messages between Whisker server
and those clients to which it is connected. First, the scope of Whisker will be outlined by listing the
purpose of all the commands you can send to it. After that, the communications system will be
described in detail, and in Part 2, each command and message will be described in full.

In the text, messages sent by the server will be bl ue and the commands sent by the client will be
red.

Messages from the Server

These messages are sent down the main communication channel. They are unpredictable in that
they may be sent at any time. The arrival of these should cause the client to deal with them ‘as
soon as possible’: this is handled for you in maost event-driven programming environments (such as
Visual Basic and Visual C++).

e Event :
When the server detects an event that the client has expressed an interest in, such as a digital
line changing state, a timer triggering, or a picture being touched, it sends an Event :
message to the client.

e | nfo:
I nf 0: messages are sent to inform a client about the completion of commands issued by that
client.

e Error:
If a command cannot be completed, an Er r or : message will be sent.

e Synt axError:
If a command is unrecognised, or malformed, a Synt axEr r or : message will be sent.
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e Cl i ent Message:
If aclient allows, the server may passonaCl i ent Message: from one client to another
(typically a ‘remote-control’ message).

e KeyEvent :
If aclient attached to a multimedia edition of Whisker has asked for keyboard notification for
a display which has the input focus on the server, that client may receive KeyEvent :
messages when a key is pressed on the keyboard.

Commands to the Server

Clients may issue a variety of commands to the server. These commands can be grouped into
device commands - which control or interrogate the hardware managed by the server, and
general commands - for example, those to alter the way in which the server communicates with
the client. Devices which can be controlled by a client are timers, digital 1/O lines, and (for
multimedia editions of Whisker only) video display devices and audio output channels.

Timer Devices

Timers are simple software devices which are used to generate events after pre-specified
intervals.

e Ti nmer Set Event
Creates a timer.

e Ti ner Cl ear Event
Cancels (kills) a timer.

e TinerC ear Al |l Event s
Cancels (kills) all timers.

Line Devices

e LineC aim
Takes control of a digital input or output line.
e LineSetAlias
Gives the line one or more alternative names.
e Li neRel i nqui shAl |
Gives up control of claimed lines.
e LineSetState
Sets the state of an output line (or lines).
e Li neReadSt at e
Reads the state of aline (be it an input or an output line).
e Li neSet Event
Causes Whisker to generate an event when the state of the line changes in a specified way.
e Li ned ear Event
Clears a specific event associated with a line.
e Li neC ear Event ByLi ne
Clears all events associated with a line.
e LineC ear Al |l Events
Clears all events on all line devices.
e Li neSet Saf et yTi ner
Protects critical devices (such as intravenous infusion pumps) by specifying that the line
should return to a safe state after a certain time.
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e Li neC ear Saf et yTi ner
Clears a safety timer.

Audio Devices (Multimedia Edition only)

e Audi oCl ai m
Takes control of an audio output device.
e Audi oSet Al i as
Gives an audio device an alternative name.
e Audi oRel i nqui shAl |
Relinquishes control of all audio devices.
e Audi oPl ayFil e
Playsa WAV (waveformat) file directly.
e Audi oLoadSound
Loads a WAV file, attaching it to a specified audio device.
e Audi oLoadTone
Creates simple sounds without the need for a WAV file.
e Audi oPl aySound
Plays a sound that has been loaded with AudiolL.cadSound or A udiolL oadTone.
e Audi 0Set SoundVol une
Sets playback volume for the device.
e Audi oSt opSound
Stops playback, keeping the sound in memory.
e Audi oUnl oadSound
Unloads the specified sound, freeing the memory it occupied.
e Audi 0Si | enceDevi ce
Stops playback of all sounds currently playing on the specified device.
e Audi oUnl oadAl |
Unloads all sounds from the device.

Display Devices (Multimedia Edition only)

To display things using Whisker, you place objects into documents and show those documents
on display devices. A document's content may be altered whether or not it is being displayed.

e Di spl ayC ai m
Takes control of a'physical’ display (usually a dedicated monitor on a multimonitor compuiter).
e Di spl aySet Ali as
Gives a display an alternative name.
e Di spl ayRel i nqui shAl |
Releases all display devices.
e Di spl ayCr eat eDevi ce
Creates a 'virtual' device (usually a new window on the Windows desktop).
e Di spl ayDel et eDevi ce
Deletes a virtual device created with DisplayCreateDevice.
e Di spl ayGet Si ze
Finds out how big a display device is.
e Di spl ayKeyboar dEvent s
Causes the display to respond to keypresses (only applicable when your display has the
Windows input focus but useful if you want to use the keyboard as an input device in your
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testing). Keyboard events are sent to the client with a special KeyEvent : message.
e Di spl ayCr eat eDocunent
Creates a document.
e Di spl ayShowDocunent
Places a document on a display device.
e Di spl ayBl ank
Removes a document from a display device.
e Di spl ayDel et eDocunent
Deletes a document.
e Di spl aySet Backgr oundCol our
Sets the background colour for a document.
e Di spl ayAddnj ect
Adds an object to a document. (Objects can be of many types.)
e Di spl ayBri ngToFr ont
Brings an object to the front of a document.
e Di spl aySendToBack
Sends an object to the back of a document.
e Di spl ayDel et e(bj ect
Removes an object from a document.
e Di spl aySet Event
Makes an object respond to being touched or clicked with the mouse.
e Di spl ayd ear Event
Clears an event created with DisplaySetEvent.
e Di spl aySet Obj ect Event Tr anspar ency
Determines whether objects behind the specified object are also allowed to respond to touches
or mouse clicks.
e Di spl ayEvent Coor ds
Obtain high-precision information about the location of touches and mouse clicks.
e Di spl ayScal eDocunent s
Although Whisker will display documents sensibly, you can gain extra control over the way
your documents are scaled (if need be, adopting your own coordinate system to scale
documents for different monitor sizes) using DisplayScaleCoordinates and
DisplaySetDocumentSize.
e Di spl aySet Docunent Si ze
Sets the logical size of the document (for use with DisplayScaleCoordinates).

Claiming groups of devices

e O ai M3 oup
Y ou may claim digital 1/0O lines, displays, and audio devices by device number, or by using
names that you define to the server using a device definition file. This allows you to define
groups of devices (e.g. all those that correspond to a single operant chamber) and claim them
all at once using ClaimGroup.

Timing of events

e Ti meSt anps
Determines whether the server appends a time-stamp to all messages it sends to the client.

This facility can be used to record accurate timing information.
e Reset O ock
Resets the timestamp clock to zero.
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e Request Ti ne
Requests the time as judged by the timestamp clock (in milliseconds).

Communications management

These commands control the exchange of messages with the server.

e Shut down
Closes all communications with the server, freeing all claimed resources in the process.
o | MPort:
Informs the client which TCP port number to use in order to establish a second
communication channel with the server. (The second channel is called the "immediate” socket,
as opposed to the "main” socket that is established when the client first connects to the
server).
e Code:
Informs the client of the code to use when using the Link command.
e Li nk
Informs the server that a particular "immediate” socket is to be functionally linked to a
particular "main” socket because both are owned by the same client.
e Test Net wor kLat ency
Tests the speed of the network connecting the client and the server.

Status reporting and miscellany

e Versi on
Detects the server's version information.

e Report Nanme
Reports the client's name to the server.

e Report St at us
Reports the client's current status to the server.

e Report Coment
Sends a comment to the server (primarily for debugging).

o \Wi sker St at us
Requests information about the clients connected to the server, and their current status. (Used
to monitor the Whisker system as a whole.)

e Set Medi aDi rectory
Audio and display devices may use multimedia resource files such as wave-format (WAV)
sound files and bitmap (BMP) pictures. These must be stored on the WhiskerServer machine.
Tell the server where to find them with SetMediaDirectory. If a file cannot be found here, the
server will try its own resource directory before trying the raw filename.

Client—client communication

The server assists clients to communicate with each other directly, if so desired.

e SendTod i ent
Sends a message to another client. (If the server and recipient permit the message, the
recipient will receive the messageina Cl i ent Message: message from the server; q.v.).
e Perm td i ent Messages
Tells the server whether the client will permit incoming messages from other clients.
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Video commands

Video objects are controlled using these conventional object-manipulation commands:

Di spl ayAddObj ect (option: video)
Di spl ayDel et e(bj ect

Di spl aySet Event

Di spl ayd ear Event

Di spl aySet Event Tr anspar ency

Di spl ayEvent Coor ds

Di spl ayBri ngToFr ont

Di spl aySendToBack

.. and these video-specific commands:

e Di spl aySet Audi oDevi ce
e Vi deoPl ay

e Vi deoPause

e Vi deoSt op

¢ Vi deoSeekAbsol ut e

e Vi deoSeekRel ati ve

e VideoGetTi ne

e Vi deoGet Dur ati on

e Vi deoTi nest anps

¢ Vi deoSet Vol une

Events: the core of the system

Events are the key to the Whisker system. What a typical client (behavioural task) program does is
to say, in effect, 'Say FISH to me when the rat depresses a lever; say TIME_UP to me when 30
minutes elapse from now." It then sits quietly and waits for the server to send it messages. When
the appropriate lever is pressed (or the time elapses), the server sends it a message containing the
desired text; the client may then take action (such as activating the pellet dispenser, or ending the
session). The client may choose freely the text used for these events.

Event messages are marked in a special way (they're preceded by 'Event : ') to distinguish them
from other types of message. The detailed list of messages given on subsequent pages shows how
this works.

Exploring the system with WhiskerTestClient

In the User Guide, we glanced at the WhiskerTestClient program. This might be a good time to
run it, connect to the server, and try sending some messages. As a very simple example, try
sending the following command:

Ti mer Set Event 5000 O Your Tine |Is Up
This is one of the commands detailed in the rest of this section. It requests the server to set up a

timer event that elapses in 5000 ms (5 s), never reloads, and sends the event 'Y our_Time_Is Up'
when the timer elapses. Y ou should see that the server responds immediately with
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Info: EventSet: Tinmer 5000nms -reloads 0 = "Your_Tinme_Is_Up"
and five seconds later, the server should send
Event: Your Tine_|Is Up

This is a message that has the 'Event : ' prefix, and Whisker TestClient is alert to these; in addition
to displaying the message from the server in its Received window, it also displays

Your _Tinme_Is_Up

in its Events window. Events are the class of message that clients are most interested in
responding to; were this areal client, it might be programmed to terminate a schedule at this point.
Events are not restricted to timers; by usingthe Li neSet Event or Di spl aySet Event
command, you can ask the server to send you a message of your choosing when your subject
breaks an infrared detector beam, presses a lever, or touches a picture of an apple.

8.7 A reminder about non-local machines

Unless Allow non-local machines to control lines is ticked on the Server menu, non-local machines
can only ping the server, test network latencies and request status information. All other
commands generate an error message.

(If Reject all non-local connections is ticked, of course, non-local machines won't even be able to
connect.)

8.8 THE WHISKER COMMAND SET
This guide explains the information you would need to write your own powerful behavioural tasks.

For every entry that details a Whisker command or message, most or all of the following headings
may be shown:

Message

Shows the syntax of the command.

Bold or plain textis quoted literally.

<parameters> are shown in italics and in angle brackets (<>).

[<optional parameters>] are enclosed in square brackets ([]).

[Optional literal text] is also enclosed in square brackets.

Square brackets are also sent bythe server to indicate timestamps. (See TimeStamps.)
Alternatives are separated by a vertical bar (| ), e.g. one | two | three.

Information sent by the clientis shown in red.

Information sent by the server is shown in blue.

Originator
Whether the message or command is initiated by the Server or the Client.

Response (immediate socket)
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(For clientcommands only.) Gives the possible responses the server may make if the client sends the
command via the immediate socket.

Response (main socket)

(For clientcommands only.) Gives the possible responses the server may make if the client sends the
command via the main socket.

Details
Explains the command in detail.
SDK Control / SDK Control Method

For server messages, explains the manner in which the SDK responds to the server's message.
For client commands, gives the syntaxused to pass the command to the server via the SDK control.

THE SDK DOCUMENTATION IS NOT YET COMPLETE. All commands have SDK versions: these have
the same name as the WhiskerCommand messages that they instantiate. The documentation is
in the process of being updated to reflect the SDK options; in the meantime, their usage can be
easily surmised from their parameter names and the documentation for those commands that
have been properly documented!

ClientLib
Explains the manner in which the command is handled by the C++ client library (WhiskerClientLib).

Note: two versions of each of the virtual functions are provided: a version which contains timestamped
information, and another which does not. If you do not override the timestamped version, the function
without timing information will be called by the library. See WhiskerTask.h file for details.

Examples

lllustrates examples of the message.

8.8.1 Thetwo-socket system

This table shows the sequence of events that occurs when a client connects to the server and
wishes to use two sockets (a 'main’ socket for normal communication, and an 'immediate’ socket
for instant, well-defined replies).

M ain sock et Immediate socket
Client Server Client Server
(connects a socket on (socket not
main port) connected yet)

| nfo: Whi sker Server v1.0,
Info: You are client nunmber XXX

I mPort: 1234

Code: 1_41
(connects a
socket on port
1234)

(no response)
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Link 1_41

success

The two sockets are now linked and operate as a functional pair.

The main port is usually port 3233 (the Whisker port number as registered with the Internet
Assigned Numbers Authority, IANA). The server will always inform the client of the immediate
port number, which is a currently unused socket, picked by the operating system.

The C++ client library (WhiskerClientLib) and the SDK Control perform these tasks automatically
when you ask for a connection to the server.

This section explains the syntax of:

o |mmPort
e Code
e Link

8.8.1.1 ImmPort

Message

ImmPort: <port_number>
Originator

Server

Details

The server sends this message when the client first connects to the main socket. It gives the port number
to use for the immediate socket connection, should one be desired.

Revision history
Implemented in WhiskerServer version 1.

See also

e The two-socket system
e Code

e Link

8.8.1.2 Code

Message
Code: <code>
Originator
Server

Details
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8.8.1.3

The server sends this message when the client first connects to the main socket, after the InmPort
message. It gives a code that the client needs to prove to the server thatitis the genuine owner of its
immediate socket. As soon as the client receives the Code command, it has all the information it needs to

connect and link an immediate socket using the Link command.

Revision history
Implemented in WhiskerServer version 1.

See also

e The two-socket system
e ImmPort

e Link
Link
Message
Link <code>
Originator
Client

Response

This command does not work through a normal socket.

Response (immediate socket)

Success
Failure

Details

When a new immediate socket has been connected, the server does not know which client it belongs to. At
this stage, the onlycommand that the server will respond to on this socket is the Link command. As the
client, you should send a Link command with the code you received from the server (see Code). Once the
socket has been successfully linked to the client, itis fully operational.

This command only works when the immediate socket is not yet connected to a client. If you send it once
the immediate socket has been connected, an error will be generated.

Revision history
Implemented in WhiskerServer version 1.

See also

e The two-socket system
e Code
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8.8.2 Messages sent by the server

These are the messages that the Server may send to the Client's main socket. For each message,
the raw message that is sent is shown, along with the programming information for the SDK tools.

For example, looking at the table for Event : , you should be able to work out the following:

¢ Visual Basic: to handle Event : messages, if you have a form containing an SDK control
named, say, SDKControl1, then you should put your event handling code into the
SDKCont r ol 1_Whi sker Event () Subroutine. This code will be called whenever an
Event : message is received.

e C++: If you have a class named CMy Task derived from the CWhiskerTask class that
contains a function called CMy Task: : | ncom ngEvent () , then the receipt of an
Event : message will result in this function being called.

If the paragraph corresponding to your chosen language doesn't make sense, then you should make
sure you learn more about the language before attempting to write behavioural tasks.

This section explains the syntax of

e Event

e Info

o KeyEvent
o SyntaxError

* Error
e Fault

e Warning
o Pi

e ClientMessage

8.8.2.1 Event

Message
Event: <eventname> [<timestamp>]

In full, there are several possible formats. Below, some are shown literally for an event called
"PictureTouched".

Event: PictureTouched
... minimal
Event: PictureTouched (18005) 572 827 [ 18376]

event video x y timestanp

t'stanp [1
0

...event from a video object with video timestamps (round brackets), event coordinates (no brackets), and
eventtimestamps (square brackets) all turned on

Originator

Server
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8.8.2.2

Details

Aline, timer or display touch/click event has occurred. This is the main message that the client needs to
setup and respond to. Itis always sent to the main socket.

SDK Control

WhiskerEvent fires (Visual Basic: calls Control_WhiskerEvent Sub), with the EventMessage and Time
parameters setto the appropriate values.

ClientLib

virtual Cwhisker Task: : 1 ncom ngEvent () is called — if your task overrides this function, the override
will be called with the strEvent and ITime parameters setto the appropriate values.

Examples

Event: SEEKING_LEVER_PRESSED_BOX 3
Event: ITI_expired

Revision history

Implemented in WhiskerServer version 1.
Video timestamps in version 4.0.

See also
e LineSetEvent

e TimerSetEvent

o DisplaySetEvent
e DisplayEventCoords

e Timestamps
e VideoTimestamps

Info

Message

Info: <text> [<timestamp>]
Originator

Server

Details

Used for all user-oriented reports (such as the response to a WhiskerStatus call). Box control programs
can safelyignore Info messages. Info messages are usually sent confirming the successful operation of
commands sentto the main socket, and are therefore useful for debugging; most of these messages are
not sent for commands received on the immediate socket.

SDK Control

WhiskerlInfo fires (Visual Basic: calls Control_Whiskerlnfo Sub), with the InfoMessage and Time
parameters setto the appropriate values.
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ClientLib

virtual CwhiskerTask: :1ncom nglnfo() is called — if your task overrides this function, the override
will be called with the msg and ITime parameters set to the appropriate values.

Revision history
Implemented in WhiskerServer version 1.
Example

Info: You are client number 4

8.8.2.3 KeyEvent

Message

KeyEvent: <key> on|off <document> [<timestamp>]
Originator

Server

Details

Notifies the clientthat a key has been pressed or released on the Server's keyboard (if a document for
which a DisplayKeyboardEvents command has been received has the input focus on the server). See the
section on DisplayKeyboardEvents.

SDK Control

WhiskerKeyEvent fires (Visual Basic: calls Control_WhiskerKeyEvent Sub), with the VKey, KeyDown,
Document and Time parameters set to the appropriate values.

ClientLib

virtual Cwhi sker Task: : 1 ncom ngKeyEvent () is called — if your task overrides this function, the
override will be called with the iKey, bDown, strDocument and ITime parameters set to the appropriate
values.

Revision history

Implemented in WhiskerServer version 2.
Example

KeyEvent: 68 on fish

See also

¢ DisplayKeyboardEvents
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8.8.2.4 SyntaxError
Message
SyntaxError: <report> [<timestamp>]
Originator
Server
Details
This will be generated in response to unrecognized and badly-formed commands.
Note that while most commands respond with Success or Failure on the immediate socket when their
parameters are improperly given, unrecognized commands generate the usual 'SyntaxError: Unrecognized
command' message. This allows failed commands to be distinguished from nonexistent commands via
the immediate socket.
SDK Control
WhiskerSyntaxError fires (Visual Basic: calls Control_WhiskerSyntaxError Sub), with the ErrorMessage and
Time parameters set to the appropriate values.
ClientLib
virtual CwWhi sker Task: : 1 nconi ngSynt axError () is called — if your task overrides this function, the
override will be called with the strMessage and ITime parameters setto the appropriate values.
Revision history
Implemented in WhiskerServer version 1.
Examples
SyntaxError: Unrecognized command
SyntaxError: insufficient parameters to LineClaim
SyntaxError: invalid parameters to DisplayCreateDevice

8.8.2.5 Error
Message

Error: <report> [<timestamp>]
Originator

Server

Details

This will be generated (on the main socket) in response to commands that fail. In general if you receive a
SyntaxError, there is probably a programming fault — the command did not make sense to the server. If you
receive an Error, the command made sense but did not succeed.

SDK Control
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WhiskerError fires (Visual Basic: calls Control_WhiskerError Sub), with the ErrorMessage and Time
parameters setto the appropriate values.

ClientLib

virtual CwhiskerTask: : I ncom ngError() is called — if your task overrides this function, the override
will be called with the strMessage and ITime parameters set to the appropriate values.

Revision history
Implemented in WhiskerServer version 1.
Example

Error: LineReadState attempted on a line you do not own.

8.8.2.6 Fault

Message

Fault: <report> [<timestamp>]
Originator

Server

Details

Notimplemented in the current versions of WhiskerControl; included in the command set for future
expansion.

SDK Control

WhiskerFault fires (Visual Basic: calls Control_WhiskerFault Sub), with the ErrorMessage and Time
parameters setto the appropriate values.

ClientLib

virtual Cwhi sker Task: : 1 ncom ngFaul t () is called — if your task overrides this function, the override
will be called with the strMessage and ITime parameters set to the appropriate values.

Revision history
Implemented in WhiskerServer version 1.
Example

Fault: some_sort_of_fault_ message

8.8.2.7 Warning

Message

Warning: <report>
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8.8.2.8

Originator
Server
Details

Awarning message is sentwhen a command (recevied on either socket) is either useless or
unnecessary. The difference between an error and a warning is that the server successfully completes the
useless command when a warning is issued (but has failed to do so when an error is generated). For
example if you had created a display object was called 'mydoc', attempts to add an object to

'mydoct’ (misspelling) would generate an error (critical failure), whereas an attemptto delete 'mydoct’
would generate a warning.

SDK Control

WhiskerWarning fires (Visual Basic: calls Control_WhiskerWarning Sub), with the ErrorMessage and Time
parameters setto the appropriate values.

ClientLib

virtual Cwhi sker Task: : 1 ncom ngWarni ng() is called — if your task overrides this function, the
override will be called with the strMessage and ITime parameters setto the appropriate values.

Revision history
Implemented in WhiskerServer version 1.
Examples

Warning: LineReadState called with multiline alias "XXX": only one state returned!
Warning: AnalogueReadState called with multiline alias "XXX": only one state returned!
Warning: AnalogueReadConfig called with multiline alias "XXX": only one config returned!
Warning: No line events to clear called "XXX"!

Warning: No timer events to clear called "XXX"!

Warning: No client-owned displays to delete (called "XXX")!

Warning: No display documents to delete (called "XXX")!

Warning: No sound buffer called "XXX" found on "YYY" by "ZZZ"!

Warning: Sending a client-client message when you cannotreceive a reply!

Warning: Sending a client-client message to yourself!

Warning: No listening clients receving broadcast message!

Warning: Event generated from a pegged line

Warning: Attempting to set the state of a pegged output, won't do anything

Ping

Message
Ping
Originator
Server
Details

The client should respond with PingAcknowledged. This is an optional facility, but if your client supports
this it makes it much easier for the user to determine whether or not the client has crashed (by whether or
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8.8.2.9

8.8.3

notitresponds to the Ping command).
SDK (Control or ClientLib)

The SDK will handle Ping messages automatically, keeping the Server informed that the Clientis alive.
These messages are not passed on to the client code.

Revision history
Implemented in WhiskerServer version 1.

See also

o TestNetlLatency

ClientMessage

Message

ClientMessage: <fromclienthum> <message>

Originator

Server

Details

Indicates that a message has arrived from another client, namely client number fromclientnum.

Just as for other unpredictable messages (such as Event), this message will never arrive via the
immediate socket.

Example

ClientMessage: 7 motor_cortex_response_detected_please_give_reward
Revision history

Implemented in WhiskerServer version 2.0.

See also

e Client-client communications

Commands sent by the client

These are the backbone of the Whisker system. They are issued by the client sending the relevant
formatted message to the WhiskerServer, which will respond with information about the success of
the command.

The commands all have SDK functions of the same name. Usage of these is often simpler than
using the raw message, especially when the functions are requests for information. The SDK
function declarations, along with the raw messages that are actually used to carry out the
functions, are outlined below, with notes on their usage.
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8.8.4

8.8.4.1

All SDK Control functions are ActiveX Methods or Properties, and are called in the standard way,
using the period (full stop) operator, after the SDK control's name. For example, in Visual Basic,
for a Control named Whisker, the following would be possible:

result = Wi sker. Ti mer Set Event ("ti ck", 1000, - 1)
Whi sker . Ti mer Set Event "tick", 1000, -1
Cal | Whi sker. Ti mer Set Event ("ti ck", 1000, - 1)

For the C++ Client Library, all commands are declared in Whisker Task.h, as public members of
CWhiskerTask.

Digital I/O devices

Digital 1/0 devices, or lines, are controlled using the following commands:

e LineClam

o LineSetState

e LineReadState

o LineSetEvent

e LineSetAlias

e LineSetSafetyTimer
e LineClearSafetyTimer
e LineClearEvent

e LineClearEventByL ine
e LineClearAllEvents

¢ LineRelinquishAll

LineClaim

Message

LineClaim <linenumber> [-input|-output] [-ResetOn|-ResetOff|-Leave] [-alias <alias>]
LineClaim <devicegroup> <devicename> [-input|-output] [-ResetOn|-ResetOff|-Leave] [-alias <alias>]

Originator
Client
Response

Info: ClaimAccepted: Line <linenumber> For inputloutput As <alias>
Error: ClaimRejected: Line <linenumber> <reason>

SyntaxError: insufficient parameters to LineClaim

SyntaxError: invalid parameters to LineClaim

For example,
Error: ClaimRejected: Line 112 is a non-existent line

Error: ClaimRejected: Line 5 is already claimed
Error: ClaimRejected: Line 7 is notan input line
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If you set an alias, you will also get messages concerning the success or failure of the alias command.
You may also geta message of the form

Info: ClaimAccepted: Line 5 For Input As 5 (ALIAS NOT SET)
if the claim succeeded but the alias was improperly formed.
Response (immediate socket)

Success
Failure

If you request an alias, you will only get Success if the alias command also succeeds.
Details

Claims hardware line linenumber for input or output. By default, or if reset’ is specified, output lines are
turned off. If leave' is specified, the line is leftin its current state. This parameter also determines what
happens if the client falls off the edge of the earth. Lines are numbered from 0, so a typical single-board
system has lines 0-71.

Input | output. Whether a line is an input or an output line is not determined by the input/output parameter,
but by the configuration of the server (which you can set, on the server, depending on how you wire up the
apparatus). This parameter is merely a statement of your intent. You do not have to specify 'input' or 'output'
when you claim the line. However, itis advisable. If you claim an input line and subsequently tryto set its
state, you will get an error message. Itis better to state when you claim the line that you think itis an output
line; if you are wrong, then the error message comes immediately and you know things aren't safe to
proceed.

ResetOn | ResetOff | Leave. If you specify 'ResetOn' or 'ResetOff' and the line is an output line, it will be
turned on/offimmediately, and when the client gives up the line. Otherwise it will be leftin its current state,
whatever thatis. The defaultis 'Leave'. (Note thatitis only possible to set the reset state when you claim a
line, and not later; this is deliberate, as itis meant as a safety feature and not to be fiddled around with
willy-nilly.) This feature is currently notincluded in the SDK control version of LineClaim. If itis important to
you, it can be achieved by using the SendToServer command, e.g.

Whi sker. SendToServer "LineC ai mbox1 | VPunp -output -alias punp -ResetCOff"

Server device names. If you use the second form of the command, the line specified by the combination of
the devicegroup and devicename parameters is claimed.

SDK Control Method

Functi on Wi sker. Li neCl ai m GroupName As String, DeviceName As String,
ServerLi neNunmber As Integer, LineName As String, |slnput As Bool ean)

Attempts to claim the line given in the DDF as DeviceName in Group GroupName. If either of these is an
empty string, attempts to claim line number ServerLineNumber. Once claimed, it asks for the line to be
referred to by the alias LineName (see Details abowve). Isinput should be True if the Client believes the line
to be an Input, or response line.

Evaluates to True if the claim succeeds.

ClientLib

bool LineClaimiint iLine, bool bOutput, enum _whisker_reset_state reset, const
CString& strAlias);

bool LineClaimconst CString& strDeviceGroup, const CString& strDeviceNanme, bool
bQut put, enum _whi sker_reset_state reset = WHI SKER_RESET_LEAVE, const CString&

© Cambridge University Technical Services Ltd



198

Whisker

8.8.4.2

strAlias = "");
Attempts to claim line number iLine (first overloaded syntax), or the line described in the DDF by
strDeviceName and strDeviceGroup (second syntax), with the I/O function reset state described by b Output

and reset. If alias is no a zero-length string, attempts to set this as the claimed line's alias. Returns true for
success, false for failure.

Revision history

Implemented in WhiskerServer version 1 as ClaimLine.
Renamed in WhiskerServer version 2.3.

See also

Digital I/O devices
Device names and aliases

LineSetAlias
LineRelinguishAll

LineSetState

Message

LineSetState <linenumber>|<alias> on|off

Originator

Client

Response (main socket)

Asuccessful call generates no response. Otherwise an error message will be generated:

Error: can'tsetline lineNumber

SyntaxError: insufficient parameters to LineSetState
SyntaxError: invalid parameters to LineSetState
SyntaxError: invalid line to LineSetState

Response (immediate socket)

Success
Failure

Details
Turns output lines on/off. The LineSetState command supports grouping. Thatis, you can do this:

LineClaim 4 —alias Houselight
LineClaim 5 —alias LeftStimLight
LineClaim 6 —alias RightStimLight
LineSetAlias LeftStimLight LIGHTGROUP
LineSetAlias RightStimLight LIGHTGROUP
LineSetState LIGHTGROUP on
— This will turn lines 5 and 6 on.
LineSetState LeftStimLight off; LineSetState RightStimLight off
— Remember that multiple commands can be given in one line.
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8.8.4.3

If a group is set, multiple error messages may be generated on the main socket, but only a single value
will return on the immediate socket — this value will be Success if all lines were set correctly, and Failure if
a single line could not be set.

From WhiskerServer v2.9.04, if you attempt to set the state of a pegged output, a Warning is also sent.
SDK Control
Function LineSetState(MLine As String, NewState As wsLi neState) As Bool ean

Sets the state of digital I/O line MyLine to NewState. Evaluates to True if request succeeds, otherwise
False.

Asimpler property format can also be used to seta line state

Property LineState(MyLine As String) As wsLineState
Example VB syntax:

"To check if it succeeds

Di m bSet Li neOK As Bool ean

bSet Li neOK = Whi sker. Li neSet St at e( MyLi ne, NewSt at e)

"sinpler syntax would be
VWi sker. Li neState(MyLi ne) = NewState

Notes

NewsState can be either wsOn (defined as 1) or wsOff (defined as 0). You can also use the value -1 (Tr ue
in VisualBasic), which is interpreted as wsOn. Attempting to set the state of a line to any other value will
fail, and generate a WhiskerError message.

ClientLib

bool LineSet State(const CString& strLine, bool bState);

Attempts to set the state of strLine to b State. Returns true for success, false for failure.
Revision history

Implemented in WhiskerServer version 1 as SetState.
Renamed in WhiskerServer version 2.3.

See also
e |ineReadState

e Controlling groups of lines
e Digital I/O devices

LineReadState

Message
LineReadState <linenumber>|<alias>

Originator

© Cambridge University Technical Services Ltd



200 Whisker

Client
Response

Info: State: <linenumber> (<alias>) on|off

SyntaxError: invalid parameters to LineReadState
SyntaxError: insufficient parameters to LineReadState
Error: no such line or alias

Error: LineReadState cannot read line <linenumber>

Response (immediate socket)

on
off
error

Details
Asks the server what the current status of the line is (on or off). Applies to input and output lines.

From WhiskerServer v2.11, hardware is supported that can only detect ON transitions, not OFF transitions
(e.g. the Lafayette/ABET hardware); consequently, Whisker can onlyrespond to ON events on such lines,
and if you attempt to read the actual state of the line (which Whisker has not been informed of by the
external hardware and cannot be aware of), an error is generated.

Advanced point: if a group alias is given on the main socket, the server will respond with a State message
for each applicable line. If a group alias is given on the immediate socket, the server will only return the
state of one line, chosen (effectively) at random. This situation will generate a Warning: message. | would
discourage you from using group aliases with LineReadState.

SDK Control

Function LineReadState(MLine As String) As wsLineState
Property LineState(MLine As String) As wsLineState

Read the state of digital I/O line MyLine. Returns wsOn (1) ifthe line is On, wsOf f (0) ifitis Off, or
wsUnknown (2) if the line cannot be read (e.g. if the control is not connected to a WhiskerServer)

Example VB syntax:

"To check if it succeeds

Dim Current State As wsLineState

Current St ate = Wi sker. Li neReadSt at e( MyLi ne)

"Using alternative syntax:

| f (Whi sker. LineState(MLine) = wsOn) Then
"line is on
Call MySub

End | f

Remarks
The VB values Tr ue (-1) and Fal se (0) can be used as synonyms for wsOn and wsOff when turning lines
on with LineSetState, but the values returned by LineReadState cannot simply be treated as if they were

Bool ean values (True or Fal se).

For example, in VisualBasic the operator Not can be used to turn Tr ue into Fal se, and vice versa. This
cannot be used in the same way with wsLineState values:
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"We wi sh to make sure 'Light2' is off if '"Lightl" is on, and vice versa

"The followi ng code WLL WORK in the intended way

Whi sker. LineState(Light2) = Not (\Whisker.LineState(Lightl) = wsOn)
"This DOES NOT work and will cause an error if Lightl is wsOn (=1)
Wi sker. LineState(Light2) = Not Whisker.LineState(Light1)

ClientLib

bool LineReadState(const CString& strLine, bool & bState);

Sets bState to true if strLine is currently on, false ifitis off. Returns true for success, false for failure.

Revision history

Implemented in WhiskerServer version 1 as ReadState.
Renamed in WhiskerServer version 2.3.

See also

o LineSetState
e Digital I/O devices

LineSetEvent

Message

LineSetEvent <linenumber>|<alias> on|off|both <eventtext>
Originator

Client

Response (main socket)

Info: EventCreated: Line linenumber on|off|both

Error: EventRefused: Line reason for refusal

SyntaxError: insufficient parameters to LineSetEvent
SyntaxError: invalid parameters to LineSetEvent

Response (immediate socket)

Success
Failure

Details

You can have separate events for on and off. Itis not sensible to request both an 'on' and an 'off event for a

device such as a lever (you would get two events for each press), but could sometimes be useful (e.g. to

determine the proportion of time spent on a certain perch).

If a grouped alias is used, multiple messages may be generated on the main socket, but only a single
value will return on the immediate socket (Success if all line events were set correctly, and Failure if there
was a problem with any one line). However, itis notrecommended that you use grouped lines with this
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command.
Note that line events can be requested from input or output lines.
From WhiskerServer v2.9.04, if a pegged input generates an event, a Warning is also sent.

From WhiskerServer v2.11, hardware is supported that can only detect ON transitions, not OFF transitions
(e.g. the Lafayette/ABET hardware); if you attempt to set an OFF event on such aline, an error is generated.
If you attempt to set BOTH events, the ON event succeeds (and the overall command succeeds) buta
warning is generated about the OFF event failing to be set.

Revision history

Implemented in WhiskerServer version 1 as RequestLineEvent.
Renamed in WhiskerServer version 2.3.

See also

e Digital I/O devices
e Event
e LineClearEvent

8.8.4.5 LineSetAlias

Message

LineSetAlias <line_number>|<existing_alias> <new_alias>
Originator

Client

Response

No response (implies success) or an error message:

SyntaxError: insufficient parameters to LineSetAlias
SyntaxError: invalid parameters to LineSetAlias
Error: invalid line or alias

Response (immediate socket)

Success
Failure

Details

You can define aliases for lines. If you issue the command 'LineSetAlias 5 leftlever', you can then use
'leftlever' in place of the line number in subsequent commands (meaning you can do 'LineClaim leftlever’,
‘LineSetEvent leftlever on LEFT_LEVER_PRESSED).

Restrictions: there can be no spaces in the alias. Aliases cannot begin with a number (to distinguish
them from ordinaryline numbers). Itis not case-sensitive.

Aliases can be used with any command that takes a line number, except LineClaim (for which you
obviously have to know the actual line number!). Note: you can claim and alias a line in one step (see
LineClaim).
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Aliases are designed to make programs independent of the box (chamber) number. Once you've defined
your houselight (which might be line 5in box 1, or line 28 in box 3) you shouldn't need to know its actual
number again. Aliases also help to simplify counterbalancing and task design. For example,

Lined aim8 —alias LeftLever

Lined aim9 —alias RightLever
L/R counterbalancing determined by client program at this point
Li neSet Al i as LeftLever ACTI VELEVER
Li neSet Ali as Ri ght Lever | NACTI VELEVER
Li neSet Event ACTI VELEVER on active_| ever _pressed
Li neSet Event ACTI VELEVER of f active_l ever _rel eased
Li neSet Event | NACTI VELEVER on i nactive | ever pressed
Li neSet Event | NACTI VELEVER of f inactive | ever rel eased

Before you ask, there is no need to set aliases for timers, as timers have names anyway and you define

the names. Aliases for timers are not supported.
Revision history

Implemented in WhiskerServer version 1 as SetLineAlias.
Renamed in WhiskerServer version 2.3.

See also

e Controlling groups of lines
e Digital I/O devices
e LineClaim

LineSetSafetyTimer

Message

LineSetSafetyTimer <linenumber>|<alias> <time> on|off
Originator

Client

Response

Info: line <line> will be switched off after <time> ms of inactivity
SyntaxError: something wrong with SafetyTimer call

Error: invalid line <linenumber>

Error: you do not own line <linenumber>
Error: line <linenumber> is not an output line

Response (immediate socket)

Success
Failure

Example
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SafetyTimer PUMP 5000 off

This tells the server to ensure that PUMP is always switched off if its state has not been set by the clientin
the last5 s. (The timer continually compares the current time with a record of when the line last had its
state set, or was claimed by a client.)

If the safetytimer is triggered, a warning message will be sent to the client, as in the following example:
Warning: line 6 switched OFF after 5000 ms of inactivity
Group aliases may be used, though that seems to me like an odd thing to do.

Important note: this feature only operates while the server thinks the clientis connected. It provides some
protection against a mis-programmed client (including a client that crashes but leaves the link to the
server open) or a network failure. If the device is really critical, like an i.v. pump, you should also specifya
reset state when you claim the line; for example,

LineClaim 5 output ResetOff —alias PUMP

In this situation, when the client releases the line or client-server communication is lost, the line will be
reset to the off state. Use both these