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Configuring Vdaq

Applies to:
Imager 3001/V Video: YES
Imager 3001/F FastSmart: YES
Imager 3001/D Dual Video/FastSmart: YES
Imager 3001/M 1M60P: YES

After installing Vdag, you will need to run the MgiRegistry Utility component in order to make Vdaqg'’
data acquisition components aware of the hardwaasdle on your particular installation. If Optica
Imaging has installed Vdagq for you, you will noedeo set the hardware environment settings for you
data acquisition machine, but you should familiagpurself with the utility.

You will also need to use the Vdaq Registry Utitibt make Vdaq aware of the connect
directory that you will use to allow the varioudts@re components to stay synchronized with each

other. Instructions on setting up these directaaies configuring Vdaq to use them are given below.



General System Setup

The Connect directory is used by all of the Vdamponents to communicate. It is usually set to
C:\TEMP although you may place it anywhere on ydata acquisition computer.

On data acquisition machines, the Data directesds careful attention. Faster disk access
can speed certain experiments in which large ansonfrdata are acquired. OPTICAL IMAGING ships
systems which have a special volume (typicallyEhdrive) that has been set up with hardware RAIDO

(Redundant Array of Inexpesive Disks) drive foradstorage.

Notedo not store data onto your system drive (drivd€&Jause data files are huge, and Windows will
stop working well if you fill the system drive.

Notethat on most systems there is a large Drive Ddhatbe used for data storage, but it does not
operate as quickly as the RAID drive, which is Uigu&:.

For further hardware setup information, contact AL IMAGING technical support.



Using the Vdaq Registry Utility

From the Windows Start menu, or from a desktop itamnch the Vdaq Registry Utility. Select the
Directories tab, and follow the instructions beldwr more information on any given entry, consiié t
corresponding entry in the VdagReg software manual.
Connect: This directory should usually be set to c:\TEMP.
Data: The data directory should be on a large, fast texe connected directly to the machine. This
setting is stored individually for each user, sgdti access Vdaq from several login accounts, yidu w
have to set this for each.

The other settings available in this dialog arbegiseldom changed from their factory

default, or self-explanatory. Refer to the softwanr@nual for the Vdaq Registry Utility for more dita



Artificial Cortex Test

Applies to:
Imager 3001/V Video: YES
Imager 3001/F FastSmart: YES
Imager 3001/D Dual Video/FastSmart: YES
Imager 3001/M 1M60P: YES

Before doing experiments using an animal subjeptical Imaging highly recommends that you perform
the following artificial cortex experiment, whichimics the conditions of a real experiment as clpssl
possible. This gives you the opportunity to becdamailiar with the system, and helps ensure that the
system has been set up properly, before goingetogk of an animal.

Understanding how to do an artificial cortex expent is also critical if you should have to
troubleshoot any problems that may occur with imggdh the course of your experiments. If you
experience any imaging problem that causes youdpest the performance of your hardware, you
should, before performing any more experimentsgubue subjects, make certain that the hardwasdfits
is performing properly by running a hardware-ontifigial cortex test. The first step to solvingyan
imaging problem is to isolate it to either the veade, or to the biology. The artificial cortex téalso
called the LED test) is your best tool for makihgstfirst step.

The instructions in this manual are intended t@@s complete a description of the artificial
cortex test as possible. However, if you have goeston how to perform or evaluate a LED test, Egiti

Imaging technical support is also available to hlp.

“When in doubt, perform a LED test.”

Also, please note that although Optical Imagingrgngees the technical performance of its systemas, t
large number of different experimental preparatiang surgical procedures used world-wide prevesits u
from troubleshooting or guaranteeing biologicalfpenance. Nevertheless, our experienced technical
support can in many cases offer helpful suggestiogsiide your own efforts in this respect.

Additionally, on-site experimental training from @&l Imaging is available.

Before you start

Attach the artificial cortex LED to the port proed on the Imager’s Laboratory Interface panel.



Arrange for a DC light source (available as an €btimaging option) that can illuminate the aridic
cortex as you would the actual cortex. The ide#@isnake this test as close as possible to a real
experiment.

General instruction

When imaging, turn off any AC lighting in the roomuse only DC room lighting.
Make sure the light from the monitor is not falliag the target.
Make sure the camera is securely mounted. Ifanian air table, float the table.

Make sure the equipment has stabilized before paifg the test.

Step-by-step instructions—the basic test

Turn the Imager on. This will also turn on the came

Turn on the computers. Launch Server on the DAGhn&¢ and Client on the client machine.

In Vdaq Server, select Camera Setup... to summog#émeera Setup Dialog. Use the controls to
display a live reference image on the screen.

Place the LED display under the macroscope andsfdeosition the "8" so that it appears in the
center of the monitor. At a macroscope power afifects of approximately 8 mm in length can be
imaged. You'll need at least some dim light in aratesee the outline of the LEDs.

Open the F-stop of the camera’s lens all the wdyrtib the camera’s depth of field.

Select StimID and change the current stimulus IDevéo something besides 0 (e.g., 1) to turn one of
the LEDs on.

Select the default color map for image display. Nba/live image is displayed with a 16 color
pseudo-color display.

Control the level of the LED illumination itself thi the potentiometer on the Laboratory Interface
front panel. The LED light should almost saturdie tluminated pixels. Lower the light level slight

after you notice a few white pixels.




An example image of one LED segment at the prdiperination intensity

Place a light attenuator of 1000x (3 OD) over tiDldisplay (often called a neutral density filter;
this is also an Optical Imaging option, togethethvfilters). You should also cover the attenuator
with a transparent but somewhat light-scatteripg tgscotch brand cellophane tape is fine). This
makes sure enough light is reflected from the serfaf the attenuator to provide a good illumination
background, which you will set in the next stepeHitenuator’s surface should be out of focus if yo
remembered to open the aperture of the camera ywhewere focusing the camera previously. Don’t
refocus the camera on the attenuator; leave itseedwn the LED. The LED brightness is now
attenuated by 1000-fold. On the camera displaysfmuld see—nothing.

To reproduce the biological situation of workingden the highest light level (which provides thetbes
signal to noise ratio in a real experiment), slsome background illumination on the attenuatorsThi
is a good time to practice your illuminator placetechnique.. The background illumination should
again be raised to just below saturating levelgolf have to change the aperture setting (f-stbp) o
the camera lens during this step, you must go badkrecalibrate the brightness of the unattenuated

LED as well.

[——

Configuration for an artificial cortex test. Thero@ra macro lens is located at top center. The
LED elements of the artificial cortex (center) &idden by the tape-covered OD 3 light
attenuator. lllumination is provided from the twgHht guides at the sides

What you now have is a large background illuminatiwat can be modulated by 0.1% by turning the
LED stimulus bits on and off. This 1 part in 1000n&l is similar to the amplitude of the intrinsic

signals the system is designed to measure.



Close the Camera Setup Dialog, and switch to Vdan€ You must close this dialog before Vdaq
Server will let Client take control of data acqticsi.

In Vdag Client load a parameter file appropriategerforming an LED experiment. The Vdaq Client
default parameter file (shown on start up) is fioesee the sample. If you use your own parameter
file, make sure that Inter-stimulus Stimulus Typeét to BLANK. You should have at least 2
conditions defined: LED on (e.g. stimulus ID 1)drieD off (stimulus ID 0; or 2 to change LEDS).

In the Client main window, press the Start button.

After one trial has passed, select the Maps... comn@show the on-line analysis images. In the
on-line maps, a modulation of 0.1% should be cjeadible after 1 trial without any averaging. Note
the clip range for the on-line maps. It should beuw 2 parts in 1000.

If you also want to become familiar with data aisédyyou might want to define and execute a more
complicated experimental protocol, and try analgatrater using WinMix, Optical Imaging’s data

analysis software package.

Measurement of the shot noise level.

Having demonstrated that you can measure optigahts as low as 0.1%, you can now measure the
shot noise of the system. Shot noise is the higkiadrequency noise in an image that is due ¢o th
statistical nature of light hitting the camera’sed¢tor. It increases as the square root of the ligh
collected.

Setting up for this test is simple if you've jugirfiprmed a normal LED test: just disconnect the LED
or turn its power level down to O on the Laboratimerface panel. Leave the background
illumination on.

In Client, press Start.

Once they appear, examine the on-line maps, incpéat the clipping values. All of the images will
just show the shot noise level associated with ystrument.

Record the clipping value you just got. It givesiyobaseline against which to compare system

performance over time.

Measurement of the dark noise level

Dark noise is the noise inherent in the camer@stednics. Measuring this value gives you another
baseline value of your system’s performance. Caetinith the next steps:

Switch the DC illumination off.

In Client, press Start.

Examine the clipping values of the on-line mapsu Yl get lower noise in this test, because the

dark noise should be lower than light noise in ysystem. If this is not the case call Optical Inmagi
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technical support. Again, you should record thedaeas to provide you with a baseline for later

comparison.

Your system is now ready for animal experimentstiéplimaging on-site training is available to assi

you in these more demanding imaging experiments.

Artificial Cortex Test Parameter Settings

Data Storage

Trials Per Block File

Block Files Per Experiment
Base Filename
Experiment ID

Ensure Unique

Warn If Duplicate

X Data Binning

Y Data Binning
Auto-rejection Threshold
Mirroring Path

Stimulus Settings

Stimulus ID List

Randomize Stimulus Order
Inter-Stimulus Stimulus Type
Blank Stimulus ID
[llumination Control

Video Timing

Appx. Length of Stimulus DAQ
Data Frames Per Stimulus

Experiment Timing

Triggers

Minimum Inter-stimulus Interval
DAQ Delay After GO Bit Is Set

Start Trial Trigger

Stop Trial Trigger

Start Stimulus Trigger
Stop Stimulus Trigger
Sync Resp For Stimulus
Max Wait For Heartbeat
Max Wait For Respirator

On-Line Maps

Map Definitions:
Compute Every N Trials
Clipping Method

Std. Deviation

1

1

led

0

[any]

[any]

1

1

255

[installation specific]

012
[x]
BLANK
0

[x]

3000

[]
[]
[]
[]
[]

(1)/(0); (2)/(0); (1)/(2)
1
MEAN

3.0



“Frame Zero” Subtraction
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Verifying the Time Resolution of your Imager

Applies to:
Imager 3001/V Video: YES
Imager 3001/F FastSmart: YES
Imager 3001/D Dual Video/FastSmart: YES
Imager 3001/M 1M60P: YES

Optical Imaging’s Brain Imaging systems have thefting maximum frame rates:

Imager 3001/V Video 60 hz. RS170; 50 hz. CCIR.
Imager 3001/F FastSmart 520 hz.
Imager 3001/D Dual 60 (50) or 520 (depending amera in use)

The timing can be upset in cases where third sftyvare installed on the data acquisition
computer interferes with the grab operation, capsiissed frames. If you have added additional softw
to your computer (strongly discouraged—you may wadr warranty in such cases), or if you think you
may have a timing problem for some other reason,sjmuld perform the check outlined here.

There are two ways to check the timing of an Im&§¥x1. The easiest is to use the Timing
Log feature (the Diagnostics menu) in Vdaq seWénen you check the Timing Log menu option, Vdaq
will save a complete list of frame times in a fil@led timing.log in Vdaq’s installation directoryou
can examine this file to see if there are any uaugaps in the timing, which likely indicate a dpeol
frame.

The other method for checking the timing is to proela flickering led at a multiple of the
frame rate, and then examine the pattern of thkdting led in the saved data file. In order to tsg
procedure, an external timing device is requiretttisas a Master 8 from A.M.Pdee

http://www.ampi.co.). You will also need to construct a connectingideto interface the timing device

to the artificial cortex unit provided by Opticah&ging, Inc. (Alternatively, Optical Imaging camsly
software to use with a National Instruments 6024ldbard in a separate computer that can be used to

check the timing. If you have such a board avadabbntact Optical Imaging for more information.)

Additional equipment required

External timing device: The external timing source should have at leasitput channels. Set them to
provide pulses 1 msec in duration. The inter-pingerval should be 4 full video frames—=80 msec for

CCIR cameras, or 67 msec for RS170 cameras. Tlge putput from the second channel should be

11



delayed relative to the first channel’s output g turation of one video field (20 or 16.66 mseac fo
CCIR and RS170, respectively). Finally, the extetimaing source should be triggered on the GO bit o

the Imager. Detailed instructions for programmingaster 8 to function this way are given below.
Oscilloscope:Optional; used to verify the wave form of your it pulses.
Connecting device: The connecting device required to interface ttiical cortex to an external timing

device is not currently available from Optical InragInc, but can be simply constructed accordinth®

following instructions:

Parts list
1) One project box (small plastic or metal box)
2) One 9 pin D-type female connector
3) Two female (panel-type) BNC connectors
4) Two 470 resistors
5) Wire

Assembly

Cut holes in the box to accommodate the three atare insert the connectors and secure
them in place. Use a soldering iron to connecttreer pin of one BNC connector to one of the 470
resistors, and from there to pin 1 of the 9 pin ¥p& connector. Connect the center pin of the second
BNC connector to the other 470resistor, and from there to pin 2 of the 9 pinylpet connector.

Connect the ground plate of each BNC connectom® pf the D-type connector. Close the box.

Preparing for the test

The following instructions assume that you are gisirMaster 8 to provide your external timing signal

Connect the artificial cortex unit as follows::

Connect a BNC-BNC RG58 cable from the Imager GQdihe input of channel 1 on the Master 8
unit.

Connect a BNC-BNC RG58 cable from channel 7 ofMlasster 8 to the first BNC connector of the
connecting device.

Connect a BNC-BNC RG58 cable from channel 8 ofMiasster 8 to the second BNC connector of

the connecting device.

12



Disconnect the cable that usually connects théaaticortex unit from the Laboratory Interface
panel and connect it to the D-type connector orirttezface box that you made.

If you want to keep existing Master 8 settingsstfthange to an unused program by pressing ALL,
the program number you want to use (1-8), and ENTNERt, program the Master 8 unit by pressing

the following keys.

TRIG 1 ENTER

DURATION 1 1 ENTER 3 ENTER
DELAY 11 ENTER 3 ENTER
TRAIN 7 ENTER

M 7 ENTER 40 ENTER
INTERVAL 7 INTRVL ENTER 3 ENTER
DURATION 7 1 ENTER 3 ENTER
DELAY 7 1 ENTER 3 ENTER
CONNECT 17 ENTER

TRIG 8 ENTER

CONNECT 7 8 ENTER

DELAY 8 DLY ENTER 3 ENTER
DURATION 8 1 ENTER 3 ENTER

For a CCIR camerdNTRVLshould be 80, and for NTSC it should be 67.

For a CCIR camerd®LY should be 20, and for RS170 it should be 17.

If you connect channels 7 & 8 to an oscilloscope set the oscilloscope to trigger on the signal
coming from channel 7, then you should see a thpulses such as this whenever channel 1

receives a trigger input:

-

The interval between each pulse from one channalildhbe 120 or 100 msec, and the offset delay
between pulses on different channels should ber2B6®6 msec, depending on whether you are using

CCIR or RS170, or they will be customized valuegoifi are using the FastSmart camera.

Verify that all your connections are as describieova, and check that the LEDs are flashing by

pressing 1 on the Master 8 keyboard.

13



Performing the test

Start the Imager system, and launch Vdaq Server

Position the artificial cortex unit in the cameréigdd of view, and open a Live View dialog

Press 8 on the Master 8 keypad and note which gggrhéhe artificial cortex unit is turned on. This
will be the segment that lights up during the dethpulse. Pressing 7 will cause two segments to
light—the additional segment is the segment tlyttd up during the non-delayed pulse. Record
which segment is which to help you in interpretyrogir results later.

Set the Live View window to show the color LUT.

Press 1 on the Master 8 keypad. The LEDs will flasta few seconds. While they are flashing,
change the output voltage knobs of channels 7 andéing the intensity level of the artificial ¢ex
segment to near the level where the camera imaggtusated (keep re-pressing 1 when the flashing
stops, until you've got the segment intensity sepprly).

Run a regular LED test by clicking START using 8D Client (the default settings are appropriate
for this test). For this artificial cortex test,rdbilluminate the artificial cortex externally, drdon’t

put an attenuator on top of the artificial cortemtu

Because all the conditions are being triggered fiteenGO bit, they’ll be identical, and you won'ese

anything on the on-line maps during data acquisitichis is normal.

Interpreting test results

From Client, start the Block View utility. Open thewly created block file, setting the display how 4
columns of images, and show condition 0. Here amesof the important features of what you should
see:
The segments of artificial cortex unit should beatag on in different frames. The segment that
connects to channel 7 of the Master 8 unit shopjrkaring one field (one image) before the one that
is connected to channel 8
The segments should appear regularly, one imagedry six, maintaining the same order of their
appearance. Because the clock of the Master & isymahronized with the clock of the camera, and
because the camera’s timing values are slightferint than 20 mSec or 16.66 mSec per field, there
is some drift in time. This will become visible @ftabout 100 frames (CCIR)—the first segment of
the artificial cortex unit will begin to dim in tHeame it has been appearing in, while it will brign
in the next frame. The second LED will also begirshift forward a frame. After several more
frames, the shift will be complete, and the oneiinrule will take effect again. Depending on your
timing device or camera type, the shift may behindpposite direction, and may occur sooner or

later during acquisition.
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If this is not what you see, save this image amdi seto Optical Imaging customer support. A
deviation from this pattern might mean that for samason your system is missing frames. In most
cases, frame misses are caused because somedftiveres, installed on this computer since it has
arrived from Optical Imaging Inc., is locking otetdata bus or processor at critical moments during
data acquisition. In some cases, fixing this emay require a clean re-installation of the operatin

system.

Typical VSD+ frame timing LED test results (thepty output from Block View has been reformatted to
fit on the page): Conditions for recording weredescribed above. Throughout most of the recording,
each LED should light up alone, with a regular éldi (6 images, 3 video frames) repeat rate. Cligpin

ranges are set image by image, which is why th&drvacind’s visibility changes when an LED is lit.tBlo

that the gradual one-frame shift seen in the 3tth 4l lines from the bottom is normal, and occurs
because of time-base differences between the caandrthe device that controls the illumination fod t
LEDs.
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Beginning an Experimental Session

Applies to:
Imager 3001/V Video: YES
Imager 3001/F FastSmart: YES
Imager 3001/D Dual Video/FastSmart: YES
Imager 3001/M 1M60P: YES

This topic walks you through the Vdag-related prhres involved in running an experiment. It assumes
that Vdaq has been properly configured and tessewywan artificial cortex, and that the animal sabj
has already been properly prepared for imaging.

It is important to emphasize that you should alwetysck out the proper functioning of the
system before beginning your animal preparatiopeeiglly if you have made modifications to your
experimental setup since the last experiment.

For your first experiment, you should try expenta conditions which have already been
described in the literature, and which provide ¢asggnals. Cat orientation columns, monkey ocular
dominance columns, and rat whisker barrels argaatl examples of structures which are routinely-wel
revealed by intrinsic signals. In vivo voltage sews dye signals are generally well revealed st
that also produce strong intrinsic signals, althotige time-course will naturally be quite differeStlect
the optimal stimulus parameters as described imeleeant publications. The example used in thiscto

is that of imaging cat orientation column intrinsignals.

Procedure

Turn the Imager on. This will also turn on the came

Turn on the computers. Launch Server and clientherDAQ machine.

In Vdaq Server, start the Camera Setup Dialog.liVeeeference image will be displayed in a
window on the computer screen.

Focus the macroscope on the exposed cortex imthging chamber. You'll need at least some dim
light in order to see the cortex, but don’t worboat making the illumination perfect before you
focus. Use DC light, not AC; AC light causes veaygle artifacts in the differential imaging signal.
Under green illumination (540 nm), set the illumioa so that the camera puts out an evenly bright,

near-saturated image.
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Start the ROI/SuperPixel dialog which lets youteetROI and SuperPixel regions for your
experimental session.

Verify that the preparation is stable, and takpste correct any large vibrations/motions whicl yo
note. A few hints on this are contained in this oansee the section entitled Checking the
Mechanical Stability of the Preparation.

Use the lllumination radio buttons to verify thadadf has control over the illumination shutter.
Capture a green image.

Switch the illumination to orange/red (e.g., 605 nRor voltage sensitive dye imaging, you will need
to use illumination wavelengths appropriate foryparticular dye, as well as barrier filters inrfto

of your camera to catch only the emission wavelengf interest for imaging.

Once again, focus the macroscope, but this timesf@00-400 micrometers below the surface of the
cortex. There is already a difference in focal pldne to the change of the filter (wavelength),clehi
should be kept in mind. The difference can be nreakhy focusing on a black cross using each
filter, and measuring the change in focus thagigired when switching between them.

Reset the illumination level to be near saturagigain.

Use the StimID control to manually verify that yatimulator is responding to the stimulus bits as
expected.

Verify that the animal’s other interfaces with iheaging setup are set up properly--including the
heart-rate monitor and the respirator (use theb@stlion:Respirator check in Server). You should als
have verified this shortly before beginning youmaa preparation.

Make sure that the animal is receiving the stimplugperly, as appropriate for your particular
experimental paradigm (e.g.., make sure that thearas a focused view of the stimulus display) .
Close the Camera Setup Dialog (but leave Serverimgh) and switch to Vdaq Client. You must
close this dialog before Vdaq Server will let Cli¢gake control of data acquisition.

In Vdaq Client load/enter a parameter file appraygrfor performing your experiment. The sample
parameter settings list given in this section wesighed for an orientation column experiment, where
0 causes a blank stimulus to be displayed, and aatequent pair of stimulus IDs (e.g. 1 and 2, 3
and 4) denote orthogonal full-screen moving grasitiguli. In the Client main window, press the
Start button.

After one trial, select the Maps... command to shiogvdn-line analysis images.

In the online maps, a modulation of 0.1% shouldibible after 1 trial, if the animal is in good
condition for imaging. Note the clip range for th@ine maps. If the preparation is stable, this

approaches a value of about 2 parts in 1000 (ygurmead to average for a while to reach this value).
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You can also specify a SuperPixel Time Course regmyou can view the time course of the signals.

When obtaining intrinsic signals, a fast signalkieg at 2-3 seconds followed by a large undershoot

indicates good physiological condition.

Sample Experiment Parameter Settings

Data Storage
4
16
catl
0
[any]
[any]
1
1
99%
[installation specific]
Stimulus Settings
012345678
[X]
NEXT
0
[x]
Video Timing
3000
8
Experiment Timing
8000
0
Triggers

————
[ S N R T—

[]
[X]
2000
4000

On-Line Maps
(1+3+5+7)/(2+4+6+8);
(2+3)/(2+4); (5+7)/(6+8)
1
MEAN

Trials Per Block File

Block Files Per Experiment
Base Filename
Experiment ID

Ensure Unique

Warn If Duplicate

X Data Binning

Y Data Binning
Auto-rejection Threshold
Mirroring Path

Stimulus ID List

Randomize Stimulus Order
Inter-Stimulus Stimulus Type
Blank Stimulus ID
Illumination Control

Appx. Length of Stimulus DAQ
Data Frames Per Stimulus

Minimum Inter-stimulus Interval
DAQ Delay After GO Bit Is Set

Start Trial Trigger

Stop Trial Trigger

Start Stimulus Trigger
Stop Stimulus Trigger
Sync Resp For Ref Image
Sync Resp For Stimulus
Max Wait For Heartbeat
Max Wait For Respirator

Map Definitions:

Compute Every N Trials
Clipping Method

18



3.0

Std. Deviation
“Frame Zero” Subtraction
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Setting the lllumination

Applies to:
Imager 3001/V Video: YES
Imager 3001/F FastSmart: YES
Imager 3001/D Dual Video/FastSmart: YES
Imager 3001/M 1M60P: YES

To get good maps, it is important to illuminate tagnera’s field of view properly. Three considaras
are important in setting the illumination: firdigtcamera should be near saturation, to get the ful
dynamic range of the camera into play. Second déingeca must not actually be saturated: every pixel
must be below its maximum, or else the image valcbpped, and the data acquired will be invalid.
Third, the illumination must be as even as possiblie illumination is too uneven, the signalfioise

ratio in different parts of the image will differeatly, making analysis difficult.

Procedure

First, using room light or the light guides fouithination, focus the camera on the field of view.

If not done already, point each light guide (iHigyuides are used) at the field of view.

In Server, start the Camera Setup dialog

If necessary, press thistogrambutton to display a live histogram.

Map the live image to a color LUT by selecting 8&T.LUT lookup table.

The reference image will now be displayed in thed®rs of the SAT.LUT spread out over all
possible pixel values. You can select a custom iflydu prefer, but the following steps assume you
are using the SAT.LUT color table supplied with gda

Turn the room illumination off to avoid stray ligimterference.

If Vdaq is controlling the illumination, use thduinination button (on older systems, the Settings
menu lllumination On command) to open the illumioatshutter.

If you are using voltage sensitive dyes to image, mmay want to do your illumination setup under
low light; then raise it at the end (rather tharsaggested below) to reduce bleaching and
photodynamic damage.

Roughly adjust the overall illumination level usitig voltage control knob on the illumination

power supply, so that the image is as bright aeartbe without being saturated. Be very careful not
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to exceed the voltage limit of the light bulb, whis usually 12V. On the SAT.LUT, a pale green is
used to show the upper few pixel values, so amgelaale green spot indicates a saturation condition
Alternatively, use the histogram display to adph&t illumination to near saturation.

Note that illumination may vary slightly over thewrse of an experimental session, due to changes in
the target tissue, such as movement due to headbesspiration, or movement of the camera or
table. Therefore, setting the light level to the@bte maximum possible is not recommended. Also
be careful to avoid bleaching of the cortex wheingislyes. For safety’s sake, it is standard practic
to adjust the illumination so that no or only a fesite spots (white occupies the pixel values just
below saturation) occur in the image. Any whitesdgdu see should be surrounded by red-coded
pixels.

Finally, work to maximize the uniformity of thedlnination. Position the light guides so that the li
image contains a minimal number of colors in thggae of interest. There are a few helpful hints

available for positioning the illuminators in thext section.

The final pattern of illumination should look somiely like the following image. Keep in mind that

this image was obtained in an ideal situation (foum target).

Hints on Setting The Illumination

Here are a few hints that may be helpful when ditigsllumination of the camera’s field of view logé

beginning to image.

Procedure:
Concentrate on maximizing intensity and evennesiuafiination for the experimental region of
greatest interest. But do not in any case alloegéon to become saturated, even if it is outside yo

region of experimental interest.
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You will need to adjust the voltage to the illumioa bulb downward as the light guides are moved
closer or more orthogonal to the preparation (michgaturation), or upward as they are moved
further from or more oblique to the preparationiftimg the image closer to full illumination).

Take care to watch for shadows introduced by ttiessof the chamber.

Highlights reflected off the chamber’s cover canriieoduced when the light guide shines onto the
preparation from the same angle relative to thecas the camera has. Change the angle of the light
guide, or, as a last resort, the angle of the camself. Take care to arrange your lighting toidvo
small bright spots; these can interfere with datgugition, clipping, and analysis.

If you use a split light guide with two lenses, raaure that the focusing lenses and guide branch
positions are adjusted in such a way that eactribotds approximately 50% to the illumination of
the image. Mask each of the light guides separaitadview the reference image display. If one light
guide provides only dim illumination, then it istreffective in compensating for uneven illumination
provided by the other.

If you find the illumination is extremely dim ingélcamera view, it's possible that the lens f-stop
setting is too high. Lower the f-stop setting tortere light into the camera (this could alter fibeus

of the camera).

Note that you should not expect perfectly evermiihiation; remember that minor irregularities can

be compensated for during analysis.
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Focusing the Camera

Applies to:
Imager 3001/V Video: YES
Imager 3001/F FastSmart: YES
Imager 3001/D Dual Video/FastSmart: YES
Imager 3001/M 1M60P: YES
Procedure:

Display a live image using the Camera Setup dialog.

You may need to select the gray color map for itheitage.

Adjust the camera’s position so that it is poiné&dhe preparation, and at the proper distanca for
good focus. To get a maximum-sized region in foceimember to choose the camera’s angle to be
perpendicular to the preparation. Keep in mind ytwatll need to fit the light guides near the
preparation as well.

The definition of “good focus” depends on what ywa doing at the moment. For a green image,
you’ll want to focus directly on the blood vessilget a clear picture of the landmarks in your ROI
For differential imaging, you will want to focudgthtly deeper than the surface of the cortex (200-
400 micrometers). This will help reduce artifactedo blood vessels in your data images by blurring
them.

Remember that the f-stop setting of the macro Wl@ffect your depth of field (higher f-stop gise
larger depth of field). This may help in gettingmiform focus, but could reduce the light the caamer
lens gathers below the levels needed for goodrdifteal imaging, and may also increase the
contribution of blood vessel artifacts to your irmagGenerally, you only increase the f-stop when
taking a green-illumination image. If you change t¥stop after focusing (i.e., while adjusting the

illumination) you may need to refocus.
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Acquiring a Green-lllumination Image

Applies to:
Imager 3001/V Video: YES
Imager 3001/F FastSmart: YES
Imager 3001/D Dual Video/FastSmart: YES
Imager 3001/M 1M60P: YES

Before beginning an experiment, it is good pradiictake a static reference image of the area to be
functionally imaged using green illumination. Undermination by a green light, the pattern of bdbo
vessels in the cortex stands out clearly, dueddihh absorption of hemoglobin at this wavelengtiis
can serve to provide important landmarks both dugioquisition and analysis. For example, you can se

the on-line map displays in Client to show youregrdélumination image

Procedure:
Switch your illumination wavelength to green by rbing the filter in your illumination pathway.
If necessary, refocus the camera to show the blesdels clearly.
From within the Camera Setup dialog, display a tamera image.
Press the Save... button, and you will be prompted fdename to save the current view in the
Reference Image display area under.
Don't forget to return your illumination back to yiolong-wavelength imaging filter before

continuing with imaging.
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Checking the Mechanical Stability of the Preparatio  n

Applies to:
Imager 3001/V Video: YES
Imager 3001/F FastSmart: YES
Imager 3001/D Dual Video/FastSmart: YES
Imager 3001/M 1M60P: YES

Any motion of the preparation during the experimeiittend to degrade data quality. Two major
sources of this are brain motions due to the angubject’s respiration and heartbeat. Poor vibnatio
isolation can also introduce noise. Vdag has aioogk, built-in capacity to synchronize the resfora
with the heartbeat, and then synchronize data aitigui with both of these. To the extent that Heeait
and respiration motions are reproducible, this ielates their effects on differential images. Howeve
they are not perfectly reproducible, so it is alwagst to reduce motion of the brain as much asildes
before beginning differential imaging.

The instructions given here will allow you to she motion noise inherent in your

preparation, and give some general suggestiorsofoective measures.

Procedure:

You'll get the best impression of how motion artiwill affect your data by setting the illumirai
wavelength, illumination intensity, and camera fotile same as you will use during data acquisition.
On the other hand, examining preparation motioreugdeen illumination will show the motion
artifacts most clearly.

Use the Camera Setup dialog to display a live @iffgal image

Check the differential image for unacceptably lamg®ion of the preparation (more than a very small
number of pixels, or irregular motion). Dark anghli spots may also reveal slow movements in your
preparation which have occurred since you took¢fierence image. If you note such motion, take
steps to correct it as noted below.

A poor seal on the imaging chamber will permit &argotion artifacts. Be certain that the seal is
fluid-tight, and that no air pockets are trappesida. Leaks may occur underneath the chamber, as
well as from the top, depending on the procedueel s secure it to the animal. Do not over-

pressurize the chamber; this may damage the brain.
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Sometimes artifacts may be reduced by changingdk#ion of the animal’s heart relative to the
brain. Be very careful if you attempt this! Redicon of blood flow by compressing blood vessels in
the neck is not recommended as a method for regyotitsation.

Fast, jittery movements unrelated to the animat'artbeat or respiration indicate instability due to
poor vibration isolation. Check to make certairt th& camera is securely attached to its mount.
Check to make sure that the vibration isolatioretébfunctioning properly. Verify that no loose
cables (especially camera or illumination cables)the source of the problem.

Jump on the floor near the table to see if theatibn is translated into jittering in the differet

image. If it is, this is another indication of pagbration isolation.
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Defining Your Own Color Tables

Applies to:
Imager 3001/V Video: YES
Imager 3001/F FastSmart: YES
Imager 3001/D Dual Video/FastSmart: YES
Imager 3001/M 1M60P: YES

This topic describes the format of the Vdaq .LU&,fand how to create your own .LUT files.

Procedure:

Color tables in Vdaqg are defined as spreadshelettgixt files with the .LUT extension. The firstlomn

of 256 values defines the red channel; the nextnapnldefines the green channel, and the third define
blue channel. The first line of the file defines ttisplayed value for dark (0) while the #9&e defines
the displayed value for bright image values. Llilues can range from O to 255—value O is gray |8vel
(black), value 255 is gray level 255 (white).

If you create your own color table using a spreadsprogram, save it in .TXT format,
specifying tab column separation and carriage metow separation (often the default) then modify th
file’s extension to .LUT.

If you use a text editing program, put three valpesline (red, green, blue), each separated
by a tab, and end each line with a carriage retbane as a .TXT file and then modify the extensoon
LUT.

Note that all color lookup tables use 256 entspgcifying 256 brightness levels, as
described above. This is true even though Imaget $@eo systems use 10-bit digitization (1024
intensity levels) and the Imager 3001 FastCamesterys use 12 bit digitization (4096 intensity leyel
The color tables are only for display purposes, rafiéct the limitations of the display hardware.
Collecteddata is stored at its full resolution, unli#isplayeddata, which is limited by the display

properties.
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Troubleshooting

Applies to:
Imager 3001/V Video: YES
Imager 3001/F FastSmart: YES
Imager 3001/D Dual Video/FastSmart: YES
Imager 3001/M 1M60P: YES

This topic reviews solutions to a few types of penfs that you may encounter when using Vdaq. The
focus of this list is on technical problems involgithe hardware/software of the Imager systens; it

intended to serve as a troubleshooting list foparation-related (biological) problems.

Problem:

Signals begin to show up during data acquisitian,d® not improve with averaging—or even disappear.
Solution:

This kind of problem is often rooted in the biologwt the hardware. Nevertheless, a hardware sadirce
the problem is possible. To distinguish betweesédhao possibilities, you should immediately parfor
an artificial cortex (LED) test. If the signal toise of the data acquired during a LED test ina@sagth
increasing trial number, and if the illuminatedswis significantly larger than the dark noise thee
procedure description for an artificial cortex Jetten your system is performing normally. If not,if

you are uncertain how to interpret the resultsafryartificial cortex test, contact Optical Imaging

technical support for assistance.

Problem:

Vdag Server begins to initialize, then complainsudlihe data or connect directory and exits.
Solution:

Open the Vdaq Registry Utility and make certairt thea Connect and Data directories are both set to
paths that actually exist on the data acquisiti@cime. Also remember that under Windows NT,
network directory mappings that are automaticalfdenfor some user logons may not be made for
others, depending on each user’s individual sedtittgs best if each user maps his/her conneetttiry

to the same drive letter.

Problem:
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Vdaqg Server begins to initialize, then complainswatbeing unable to initialize or open various iingg
resources

Solution:

It's possible that Laboratory Interface panel is tuoned on. Alternatively, it's possible that thare
improper registry settings describing your systeh@sdware resources. Use the Vdaq Registry Utiity

accurately specify the hardware available in tloallinstallation

Problem:

Differential image has faint, periodic, scrollintadonal lines running across iAgplies to Imager

3001/V systemp.

Solution:

This is usually related to 50- or 60-Hz line nadisrference with the camera’s output signal. Arbga

monitor’s periodic scanning may also cause interfee like this. Check to make sure that no power

cables are running along or near the video cabteeofmager. Turn off other equipment in the roamg

see if the problem diminishes or goes away. If fjipd a piece of equipment that you need, but which

introduces noise, try moving it away from the Image try moving the video cable away from the

equipment. In some cases, simply rotating a naisigtiag monitor will also reduce interference.
Finally, make sure that the data acquisition PCthad_ab Interface panel are both

connected to the same AC outlet.

Problem:
Vdaq drops frames during data acquisition (seedpie Verifying the Time Resolution of the Imager t
learn how to check this).
Solution:
Frame dropping can occur when processes besidegddaing on your data acquisition computer
interrupt the CPU at critical moments. In particuldateKeeper (a modem sharing software package),
Novell network client software, Norton AntiViruspeé Adaptec DirectCD are all known to cause such
problems. You should refrain from installing anydware or software on your DAQ machine that may
run in the background and cause Vdaq to lose coottbe CPU during data acquisition. Doing so may
void your warranty.

Network access to the DAQ computer during framégraay also cause frame drops. Try
disconnecting the DAQ computer from the network sed if the problem goes away. If it does,
reconnect, then see if you can find which other mat@r is creating the access requests, and sthonvit.

As a last resort, you may need to create an isbladdN, either by physically isolating Vdaq compuger
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on a hub, or by installing an network bridge (d&scthis with your local IS department before

proceeding!).

You are encouraged to contact Optical Imaging wafforts of any additional problems you may

encounter.
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Defining Stimulus IDs

Applies to:
Imager 3001/V Video: YES
Imager 3001/F FastSmart: YES
Imager 3001/D Dual Video/FastSmart: YES
Imager 3001/M 1M60P: YES

The Imager makes available 8 bits for communicatiregcurrent stimulus 1D to an external stimulus
generator. By convention, bits 0-4 are the “redéthalus ID bits, bits 5 and 6 control the positioineye

shutters, and bit 7 is th&o bit. Users with special requirements can use thésén other combinations.

Details:

Many users will be familiar with binary coding aftegers: just as the decimal system representgerge
as sums of powers of ten, the binary system reptesieem as sums of powers of two. Thus, the binary
number 1111 1111 is equal to 128 + 64 + 32 + 16+#48+ 2 + 1 = 255. Instead of ten digits, a binary
representation of a number has just two: one ara #® modern digital computers, the conventiothas

a binary one is represented by an “on” state, doidary zero is represented by an “off” state. Tihithe
same convention used by Vdag in specifying stimilhss—a high voltage on a TTL line is “on” (or 1),
and a low voltage is “off” (or 0).

The Imager uses 8 digital 1/0 lines to specify stimmulus. According to the imaging
conventions for which the Imager was designed, #reydivided into three groups: bits 0-4, bits 8 én
and bit 7.

Bits 0 through 4 are typically routed directly tetémulus generator. Because the binary
number 11111 (five bits, all turned on) is equath® decimal number 31, this means that in a
conventional configuration, Vdaq can send the dtisigenerator any number from 0-31. The stimulus
generator in turn must be able to interpret thelmemit receives from Vdaq and produce the apprapria
stimulus. Vdaq has no control over the nature efdimulus that is assigned to these 32 differahtes;
this must be pre-arranged by the user when thaiktgngenerator is configured.

The next two bits, 5 and 6, correspond by convertiiathe left and right eye shutters. Any
number from 32-63 has bit 5 turned on, meaningdfieshutter is activated, and any number from 64-9
has bit 6 turned on, meaning the right shuttecisvated. Note that for corresponding Stimulus iDthe
range 0-31, 32-63, and 64-95, bits 0-4 are alhendame state. Thus, Stimulus ID 63 is the same as
Stimulus ID 31, with the left eye shutter activated
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While this specialized use of bits 5 and 6 is cotivemal, Vdaq does not require it. Users
who desire a larger range of different stimuli, Batnot need eye shutters for their experimenisidgan
principle, re-route stimulus bits 5 and 6 to thstimulus generator, allowing up to 128 differernsti to
be selected. Alternatively, these two bits (or ahbits 0-4, for that matter) could be divertechtty other
stimulus-related use which is required for the expent.

Bit 7, or theGo bit, has a special significance for Vdag. Thifisthe following reasons:
some stimulus generators require a certain amdisgtaip time before they are ready to display a
stimulus. In other cases it is desirable to haparéicular “preparation” stimulus showing before th
proper stimulus is displayed. Tko bit is used to achieve both of these ends.

If the current stimulus is, for example, 1, Vdadj fiist put out the binary value 0000 0001.
The stimulus generator receives a 1, and may nepgpe itself to generate the corresponding stimulus
But it should not actually activate the stimulugilividaq sets the Go bit to true. The go bit is thigger,
and Vdag's data acquisition is synchronized tontleenent at which this bit is turned on. Becauseagn
have a definite rise and fall time after stimuluesgntation, it is important to configure your stlos
generator so that it is triggered by t&e bit turning on. Otherwise, data acquisition wititroccur at a
defined time after stimulation begins, and you wilks recording the signals you are interested in.

Note that Vdaq does not prevent you from definitiguslus IDs which have th€o bit
permanently set. However, if you define a stimuigo be between 128 and 255, then Vdaq will have
no way of conveying a clear trigger to the stimujeserator, and data acquisition will not be priper
synchronized to the stimulus. You might intentidynakt a stimulus ID greater than 127 when you are
testing the response of the stimulus generatoatmuws stimulus IDs, from within one of tkiamera
Setup dialogs. This gives a manual trigger of the stusuyenerator, which you can use to verify that it

has been properly interfaced with the Imagyestem.
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How Vdaq Saves and Combines Data

Applies to:
Imager 3001/V Video: YES
Imager 3001/F FastSmart: YES
Imager 3001/D Dual Video/FastSmart: YES
Imager 3001/M 1M60P: YES

To reduce the size of data on disk, and to reduedime required for its analysis later on, Vdambmes
the pixels of individual video frames at severahp®along the data acquisition sequence. Comessi
occurs as video frames are collected into datadsams the pixels of data frames are binned in2oo2x

3x3 groups, and finally, as data frames from stirmcturring over many trials are collected on digb a
single block file. All of this is under your contrehen running an experiment using the parametgepa

of the Vdaq Client program.

Details

Diagram of how data is saved to disk by Vdaq fahealock file. See text for detailed explanation

After you press th&tart button on the main window of Vdaq Client, Vdaq\&ergoes

through some initialization tasks, and then begpracquire data for the first trial of the firsbbk file.
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Next, Vdaq acquires individual video frames for finst stimulus period of the block file's
first trial (top middle foreground of diagrgmThe number of video frames grabbed is determinethe
following equations:

CCIR Video System:
Video Frames Acquired = (Appx. Length of Stimulus DAQ) / (40 ms.)
RS 170 Video System:
Video Frames Acquired = (Appx. Length of Stimulus DAQ) / (33 ms.)
FastSmart Camera System:
Video Frames Acquired = (Appx. Length of Stimulus DAQ) / (Frame Time)
These are then integrated into Data Frames Peulsisndata framegr{iddle foreground of diagram
The number of video frames grabbed is always caledlso that the same number of video frames go
into each individual data frame. Finally, the diatanes are binned as specified in Vdaq Client, sakd
to disk. The data acquired for the first stimulughe Stimulus ID Lisare always placed first in the block
file, even if the order of stimulus presentatiaeif is randomized.

Data for subsequent stimulus periods of the fitat are treated similarly. They are saved in
Stimulus ID List order in the block file, one aftie other.

Subsequent stimulus data is also added to preyiagsjuired stimulus data, creating an
accumulated block file.

After the data from Trials Per Block File trialsshaeen saved into a single block file, Vdaq
will start a new block file beginning with the nédxital, and the process of accumulation beginsragai

For more detailed information on the file formaedgo save data, s&he Optical Imaging

Block File Headein this document.

Data Format

Data frames are digitized in 10-bit (Imager 300%i¥eo camera model) or 12-bit (Imager 3001/F
FastSmart camera model) resolution and then aceatetbnd stored in block files. Imager 3001 block
files created by Vdaq contain either 16-bit unsyimdeger pixels, or 32-bit integer pixels, depegdon
how much accumulation was performed on the origimalge data. After processing with Block Convert
the pixels will have contain either 32-bit floatipgint format pixels or 32-bit integer pixels, dagang

on output format selection.
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Clipping and Signal-To-Noise

Applies to:
Imager 3001/V Video: YES (BioSync Circuit is irethab Interface Panel)
Imager 3001/F FastSmart: YES
Imager 3001/M 1M60P: YES

As increasing number of trials are averaged toggethe clipping range decreases asymptotically,

approaching a value determined by the amplitudaesignal (or fixed noise) of the images.

Details

In the on-line map displays created by Vdaq, tigpohg range is set to be +/- a user-defined migltid
the standard deviation of the distribution of péxil the map image. The color values 0 to 255 are
mapped to this clipping range when the on-lineysislimage is displayed. Values in the image takt f
outside of the clipping range are truncated toibplayed either as color value 0 or color value. 256
more trials are averaged together, the size oflipping range will shrink, as averaging reducesrbise
in the image. With averaging, the clipping ranggngstotically approaches a value determined by the

fixed features (i.e., the signal) common to all dveraged images.

The above graph shows a theoretical example ofdolipping range reduces with
increased number of trials. In this case, the $iglaa chosen to be a 0.1% sinusoidal wave, and the

clipping value was set to be equal to +/- 2 tinfesdtandard deviation. A blank with no fixed sigimait
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was used to create the ratio image of “signal”akd by “blank”. With no noise in the images, the
clipping range in this situation would always bei&do 0.2%, as indicated by the dotted horizolirial

Two types of noise were added to the images. Daise is the noise of the camera’s output
when no illumination is present. It is intrinsicttte camera’s design and operating conditions, and
independent of the scene being viewed. In this @kanit was arbitrarily set to be equal to 0.1%hed
camera’s full output. The second kind of noisehistsioise, which increases as the square rookof th
illumination. Thus, there is no shot noise in deokditions, and it is maximal at maximum illumiroati
Keep in mind, however that the fractional sizeha shot noise relative to overall illumination d=ses
with increasing illumination—since it increasesaasactional power of the illumination itself. Thus
clipping values are bigger in the dark than inltgkt. In this example, shot noise was set to heaétp
0.3% of the camera’s output at saturation.

With the addition of this noise, the clipping ranigr a one-trial on-line map image is
increased from 0.2% to almost 1.0%. With increasingnbers of trials, the clipping range drops
asymptotically, reaching about 0.25% by trial 5edlly, the clipping range approaches its asymste
a function of the square root of the number ofgria

The actual clipping range values you obtain dugrgeriments will vary from the example
given here. The important thing to remember is thatclipping ranges you get during an experiment
should decrease from an initial maximum seen aftertrial, asymptotically approaching a value which

is determined by the amplitude of the fixed featlireyour images.
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Using Vdaq with Awake Behaving Animals

Applies to:
Vdaq Version 2.2 and later:
Imager 3001/V Video: YES
Imager 3001/F FastSmart: YES

Imager 3001/D Dual Video/FastSmart:  YES

Starting with Version 2.3 of Vdag, there is a defieatures that provide extraordinary flexibility i

working with awake behaving animals.
One challenge in recording data from behaving alsitisathat they don’t always perform
perfectly, which makes it imperative to be ableligcard data from misbehaved events.
Another consideration is that it's often importémtecord additional information during a single
condition, such as eye position, heartbeat andreggm, time of button presses, and so on.
In working with behaving animals, it's usually esstito employ software designed to make it
easy to train and manage the animal behaviors.oDtiee most commonly used programs for this
purpose is Cortex from the NIH. Various other sol are also available. When such a program
is used, it generally needs to run on one computeite Vdaq runs on a second computer,

connected by parallel I/O signals.

Vdaqg 2.3 contains various new features that mesetimeeds:
Single condition block files that facilitate disdarg data when trials don’t go according to plan.
Single condition block files also make it much ea$or Vdaq to work with externally supplied
stimulus numbers.
A new way of haming files that makes it easierdodrsingle condition block files.
Dag Protocols that let you specify what signalsteed in advance of data acquisition. This
includes a start stimulus trigger that allows datquisition to be started on demand. Daq
Protocols are described in a chapter of the Vdagrdsanual.
The Adag (Analog Data AcQusition) system for redogdohysiological and behavioral analog
waveforms. Adaq is an extra cost option to Vdagl, asers who have purchased it will have

additional information in their Adaq User Manual.
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External Stimulus number input, so that a behaptogram such as Cortex and provide stimulus
ID numbers. (Traditionally, Vdaqg has provided thieslus numbers, which have been acted on
externally by a stimulator.)
A way to abort data acquisition, and also a watetminate data acquisition early, while keeping
the already collected data.
What Vdaq doesot have is an Awake Behaving “mode” that you can @&naborder to perform such
experiments. Instead you have to determine exadtbt mix of features you need, and then you need to

enable them individually. This is somewhat more kyavith the benefit of much more flexibility.

AWB Issues

You need to settle the following issues when yaum@anning to use Vdaq with a behaving animal:
What program is in charge? Traditionally, Vdaqg basn the boss, but in behaving animal
experiments it's usually preferable to have theadvétg animal software be in charge.

What program generates the “Go” signal that seatdh data acquisition event? Often, it's best
for Vdagq to start data acquisition, paying attemtio heartbeat and respiration. Alternately, the
behaving animal software can control the timinghwidaq waiting only for the start stimulus
signal. Either way, the details are managed usiaddaq Protocols feature of Vdaq, described in
the Vdaqg Software User's manual.

o0 When you use an external Start Stimulus Triggete tizat the external program may not
assert it (a transition from low to high) until \flhas asserted the Stimulus Trigger
ready bit. And once asserted, the Start Stimulyisasimust remain high until Vdaq
lowers the Stimulus Trigger Ready bit, to signal éicceptance of the start trigger.

o Note that the stimulus abort and terminate feataresnanaged using the Start Stimulus
trigger bit. If you are using these features, oyme assert the Start Stimulus Trigger bit,
it must be held high until either a) you want t@dtor terminate or b) the end of the
stimulus.

What program generates the stimulus number thateapp each episode of data acquisition?
Traditionally, this has been Vdaq’s prerogativet, Wwhen a behaving animal program is being
used, it will often be the more logical sourceldd stimulus number.

o When Vdaq generates the stimulus numbers, you Istitie set of numbers in the
Stimulus Numbers edit control, and specify wheWaaq will produce them in order or
pseudo-randomly.

0 When Vdag inputs external stimulus numbers, youtrspecify whether Vdaq reads
them at the start or at the conclusion of eachustisl data acquisition. In addition, you

should list the expected stimulus numbers in timBus Numbers edit control, because
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only the expected numbers are available for ontiaps display, or for superpixel

graphs.

Notethat it is not an error for an external stimulusnier to not be in the list, but that

such a stimulus won't be part of Vdaq's online fesck.

Notethat when Vdaq uses external stimulus numbersthiese are no “trials.”

Notethat there are only 4 stim input bits on the frohthe lab interface panel, but there

are 8 available on the rear connector. To enabté8input bits, you must make the

appropriate setting on the Lab Interface page @dd/BegSeethe Laboratory Interface

manual for more information on the rear panel cotors.
What amount of data should be stored in each HitekVVdaq offers two possibilities: a single
stimululs (also called a condition) or a full sétconditions, known as a trial. In addition,
multiple sets of summed trials can be stored iimgle block file. If you want to store trials (or
summed trials) in a single block file, you neeetsure that each set of trials includes every
condition exactly once. This is easy when Vdaaiiming the experiment and generating
stimulus number, but when stimulus numbers are rgéek externally, Vdaqg has to assume that
the number and kind can vary, hence it becomes reasier to store each condition’s data in a
separate data file. This can lead to many dats, fildnich can increase the difficulty of later
analysis, but it provides the required flexibili§o in most behaving animal work, data is stored
in single condition block files
How to handle problems. When animals misbehavelmrgroblems arise, it may be preferable
to abort data acquisition, regroup, and start a stewulus. Vdaq uses the Stimulus Trigger signal
to abort data acquisition, or to terminate daq @temely, but still save the already acquired data.
The controls to manage this facility are on the étkpent Timing page of Vdaqg Client. The
following possibilities are available:

o Abort on Stim Trig H/L anytime during data acquimit When this option is set, any

high to low transition on the Stimulus trigger inpluring data acquisition will abort data
acquisition._ Notehat you can use this option with an externalt stimulus trigger, or
without one. The only requirement is that if thigion is being used, that you externally
maintain the stimulus trigger input at a high lesreting dag, unless you want to cause an
abort. Using this option precludes any other haugddf stimulus terminate or abort.

o Terminate on Stimulus Trigger H/L anytime durindadacquisition This option is

similar to the previous, except that instead ofrabg data acquisition, a stimulus trigger
high to low transition anytime during data acquasitwill terminate data collection at the
end of the current data frame. Already acquired draimes will be saved, and then blank

frames will be saved for the remaining (uncollettedmes.
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o Abort on Stimulus Trigger H/L before Abort frammend Terminate on Stimulus Trigger

H/L after Abort frame These two options let you abort a stimulus whenoblem occurs

before a predetermined time, or simply terminata dallection if you lower stim trigger
after that point. In both cases, you can speciydttion through a high to low transition
on the start stimulus trigger signal during datguégition. These two options can be used
separately, but are often used together.

What program records physiology signals and behalgignals?

o One option is for the behaving animal program tmrd most analog waveforms. This
can work well because it sometimes needs the irdtbam in order to respond to the
circumstances.

o Another option is to use a separate computer hamds@ftware system to record these
signals. The disadvantage is the lack of integnatimd the need for yet another computer
system.

o A third possibility is to use the Adaq componenwalfaq to record this information

What signals should be recorded in addition to juhggy (heart beat, respiration) and behavioral
signals?

0 You should probably record the Frame Toggle ougpitdaq, which will provide an
exact timing reference of when camera frames argyloollected.

For the Imager 3001/V and Imager 3001/M the fraouglke signal reverses
polarity every data frame.

For the Imager 3001/F system, the frame toggleasigegverses polarity each data
frame, except that it reverses itself only aftestdaatchof frames for the

batched modes of 200, 340, and 520 hz., which Hedahes in sets of 2, 4, and 8
respectively.

o If you are using the stimulus terminate featurey graght want to record the Start Stim
trigger, which doubles as the stimulus error sigealthat you can see at what point a

stimulus was terminated.

Control Connections

The connection between Vdag and external laboratewjces (behavioral control computer, respirator,
heart rate monitor, stimulator) is by parallel Tlbgic signals. We have found that they are easytik
up, and easy to troubleshoot using the lights erfritnt panel of the Laboratory Interface PanelsMo
problems can be solved simply by looking at thes ladd figuring out what is wrong. Also note thétodl

these signals are also available on the back dfaheratory Interface Panel in D style connectbising
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these connectors requires a little more effortahjt because you need to make the necessary custom

cables, but once made they are reliable and coentrand very tidy.
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Sequence of Data Acquisition Events

Applies to:
Imager 3001/V Video: YES
Imager 3001/F FastSmart: YES
Imager 3001/D Dual Video/FastSmart: YES
Imager 3001/M 1M60P: YES

The flowcharts in figures 1 and 2 show the segesmd events during data acquisition in
Vdag. Figure 1 shows the sequence of events whiatting a trial (a trial consists of performingcha
stimuli once), while Figure 2 shows the sequencevents for each stimulus. Event flow is from top t
bottom in these charts. When steps are conditimnlhve other variations, there are notes on gt ri

side providing more information.

Trial Sequence

Ow dm
S5 a7
2c g
c = I
ZEE
— Wait for external Trial trigger if: Start Trial Trigger = TRUE
———
Stimulus Sequence I — loop for: each stimulus in
— Stimulus ID List
X Set intertrial stimulus (blank)

Update on-line map images

if: this trial index is evenly
divisible by Compute Every N Trials

Update SuperPixel Chart

\ 4

Figure 1 — Trial Sequence
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o _ Stimulus Sequence
529
~c W
7} —
Pre-Daq Protocol
>< Set stimulus and GO bits Only if not set in Pre-Daq Protocol
=
Acquire images into data frame
— |oop for: Data Frames Per Stimulus
Post-Daq Protocol
)¢ Set BLANK/NEXT stimulus
Data rejection check if: Auto Rejection Threshold < 100
L—— jumpif: data is rejected

Write stimulus data to block file

Update on-line map buffers

Update SuperPixel buffers

P Pause for: Minimum Inter-stimulus
ause interval

v

Figure 2 — Stimulus Sequence
Notethat much of the detail of each stimuli is encagtad in the Pre- and Post-Dag events protocol.
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Stimulus and Trial Triggers

Applies to:
Imager 3001/V Video: YES
Imager 3001/F FastSmart: YES
Imager 3001/D Dual Video/FastSmart: YES
Imager 3001/M 1M60P: YES

Vdaqg has the ability to respond to two externagigeis:
The Stimulus Trigger is used by an external source to start the ad¢iuisaf an individual
stimulus.

0 It must not be asserted (set high) until Vdaq astbe Stim Ready bit.

0 It must be held high at least until the Stim Rehilys lowered, which typically takes a
less than a millisecond.

o The stimulus trigger is enabled and disabled itirmBus Protocol. In order for the
stimulus trigger to be recognized, you must begisitstimulus Protocol that waits for
the stimulus triggerSeethe description of Stimulus Protocols in the V&uaftware
Manual.

o If you are using the Stimulus Abort or Stimulus marate feature, you can lower the
Stimulus Trigger during DAQ to signal the Abortermination.

TheTrial Trigger is used by an external source to start the adouisdf a trial, which is a
sequence of stimuli.

o It must not be asserted until Vdaq asserts thd Ready bit.

0 It must be held high at least until the Trial Reddyis lowered.

o The trial trigger is enabled on the Triggers pagedaq Client.

o Trial triggers are only relevant when Vdaq is gatiag the stimulus numbers. When
external stimulus input is used, there is no “triiEcause the stimulus sequence is under
external control.

All of the signals on the Laboratory Interface (uding the Stim Trig Ready output, the Stim Trigger
input, the Trial Trig Ready output, and the Trialgger input) are TTL level signals. For reliable
operation, you must pay close attention to groumdind cabling.
Best results are contingent on the external demickthe Laboratory PC in the same 19” rack.
This assures that both devices are using the sevnedjreference.

Both devices should be plugged into the same poireuit.
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Cables should be short, two to three feet works; wid foot and longer cables are much more
subject to problems.
All signals are TTL levels. Typically this meangjio low is about 100 — 200 mv., while logic
high is approximately 2.5 — 5 volts.
Seethe Laboratory Interface hardware manual for nioi@mation on signal interfacing.

The following diagram shows the handshaking prdto€the stimulus trigger. The trial trigger follew

the same protocol.

Vdag finishes inter-stim tasks, asserts Stim Trig Ready, and starts
waiting for Stim Trigger.

After sensing Stim Trigger, Vdaq lowers Stim Trig Ready and starts the
/ data acquisition task.

Stim Trig Ready
Vdaqg Output

Stim Trigger
Vdag Input

K The Control Computer must hold Stim Trigger high at least until Stim Trig
Ready is lowered.

After sensing Stim Trig Ready, the Control Computer is free to assert
Stim Trigger at any time.

When the Stim Trigger signal is used to Abort orii@ate data acquisition, Stim Trigger is raisedc@
Stim Trig Ready is high) to initiate data acqu@siti and then it is lowered either during daq (t@Alor

Terminate the daq), or it is lowered immediateljofeing daq for a full dag sequence.

Vdag finishes inter-stim tasks, asserts Stim Trig Ready, and starts
waiting for Stim Trigger.

After sensing Stim Trigger, Vdaq lowers Stim Trig Ready and starts the
/ data acquisition task.

Stim Trig Ready
Vdaqg Output

GO Bit
Vdaq Output

Stim Trigger
Vdag Input —— /
If Vdaq is programmed for Stim Abort or Stim Terminate, the Control PC

can lower Stim Trigger during data acquisition to Abort or Terminate data
acauisition.

After sensing Stim Trig Ready, the Control Computer is free to assert
Stim Trigger at any time.

If Vdaq is programmed for Stim Abort or Stim Terminate, and you don’t
choose to Abort or Terminate the current data acquisition, the Control PC
must hold Stim Trigger high until the GO bit is lowered.
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The Frame Toggle Signal

Applies to:
Imager 3001/V Video: YES
Imager 3001/F FastSmart: YES
Imager 3001/D Dual Video/FastSmart: YES
Imager 3001/M 1M60P: YES

Most imaging experiments are complex, involving gnaieces of equipment that have to work together
for the desired result. In addition to control issuthere are timing issues. Frame toggle is th& mo
important signal generated by Vdaq that helps dtiruments sense or record vdaq’s timing.

The intent of frame toggle is to provide a sigihalt reverses its sense at the end of every
data frame. In intrinsic imaging experiments, saleamera frames are typically summed into each dat
frame, while in most VSD experiments there is uguahly one camera frame per data frame, which

means that camera and data frames are equivalent.

The first frame shown in frame toggle is typicdtiypger than the subsequent ones, because
it takes a while for the data acquisition to stéitis extra time is typically one or two camerariea
durations.

Ideally the subsequent Frame Toggle waveform wbeld square wave. This is rarely the
case, at least if you look closely, because theadways some variance in timing in a multitasking
computer. But the variance in Frame Toggle timingudd be small. If the waveform is too irregular, i
usually indicates that other tasks in the compaterconsuming too much processing power, and
preventing normal data acquisition.

The Frame Toggle signal is generated from witheitimermost grab loop of Vdaqg, and
hence it is Vdaq's most accurate timing signal.dgnfnately, grabbing images from a camera is a
complicated process, and by the time the imagearnygdr control of Vdag software, they have already
flowed through a hardware video pipeline that la&emh a significant time. This means that the frame
toggle signal is delayed from the actual time wtienimages were exposed in the camera sensor. This
delay is somewhat variable, and it is dependenberexact camera and camera operating mode that you

are using. The best way to determine this timirgysls to do an experiment using your own
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experimental conditions. Briefly illuminate a ledaaknown delay from the start of Frame Togglerstfi
going high, and then see when that led appealsidata. From this information, you can infer thual

timing skew of the frame toggle signal.

Frame Toggle Camera Issues

While Frame Toggle is normally synchronized withadiames, it's also subject to the constraints
imposed by the software structure of Vdaq's graipldiere are notes on the idiosyncrasies of thmé&ra
Toggle signal for each supported camera type.
Video Camera Frame toggle always follows data frame timing.
FastSmart Camera
For operating modes below 110hz or below, Framgléoglways follows data frame
timing
For operating modes above 110hz, frame toggldasaeto camera frames, (not to
data frames):
o For 200 hz, frame toggle is high for two camerantea and low for two
camera frames.
o For 340hz., frame toggle is high for four cameearfes and low for four
camera frames.
o For 520hz., frame toggle is high for eight cameaaies and low for eight
camera frames.

1M60P Camera:Frame toggle always follows data frame timing.
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Tandem Lens Assembly

Applies to:
Imager 3001/V Video: YES
Imager 3001/F FastSmart: YES
Imager 3001/D Dual Video/FastSmart: YES

The Optical Imaging Tandem Lens assembly provideigla numerical aperture, high optical quality, and
narrow depth of field, all optimized for optical &aging of the brain over relatively large areashsas

several millimeters square. (Microscope objectiesot excel for fluorescence imaging of large aea

Side view.
Note: he diagram above shows the tandem lens assemblgtetban the Lens Plate, which is the normal
setup forintrinsic imagine. Foroltage sensitive dyiemaging, an epi-illumination macrosope attaches to

the bottom of the lens plate, and the bottom leaants to the bottom of the macroscope.

Components

ThelLens Platds used to mount the two lenses front-to-frorgt tdip thread is 77mm and its
bottom thread is 52mm. The vertical plate attadbébe camera holder. (For the epi-
illumination macroscope, the bottom thread is 62mwmich requires additional adapters for

the supplied lenses.)
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TheBottom Lengs usually a 50mm Nikon f1.2. Its front thread ¢sesved into the 52mm

thread on the bottom of the lens plate, or (usimga@apter) onto the 62mm thread on the

bottom of the epi-illumination macroscope.

TheTop Lengs either a 50mm or 135mm Nikon lens. The 50msujgplied with the

standard Optical Imaging tandem lens assembly.IB&enm is an optional accessory used

for higher magnification.

The77mm Adapteadapts the top lens front thread to match the 7Tmead of the Lens

Plate. For a 50mm top lens, the adapter is frono5Z mm; for a 135mm top lens the

adapter is from 72 to 77mm.

The2X Tele Converteis optional. It is used to alter the magnificatwfrthe device by

placing it on either the top (rear) of the top lemsthe bottom (rear) of the bottom leSge

the Magnification table for more information.

The C-Mount Adaptemounts on the rear bayonet mount of the Top Lemsf the rear of

the 2X Tele converter, if it is in use on the Tognk) to enable attachment to a C-mount

(threaded) camera.
CAUTION Be very careful when attaching the adapterseédehses, or lenses (possibly with the
adapters) to the plates. These attachments usedagieter delicate threads. If you over-tighten an
adapter, it may be very hard to get off. Before gorew an adapter onto a lens, or a lens onto the
plate, lightly coat the threads with a tiny amoahgrease. If a lens or adapter gets “permanently”
attached, do not attempt to force it off, becawm®abe to the lens may result. Instead use a tiny
amount of penetrating oil, which may help unlock threads. As a last resort, send the frozen thread
to Nikon for service. It will be cheaper to haveriremove the adapter than to have them repair the

lens.

Magnifications

The magnification of the Tandem Lens is the rafithe top lens’ focal length divided by the bottom
lens’ focal length. If the 2X Tele converter is dgm top, that doubles the magnification, and i iised

on the bottom, it halves the magnification. All {hessibilities are summarized in the following &l

Standard Lens Plate configuration (77mm threacbpn32mm thread on the bottom).

Top Lens Bottom Lens 2X Tele Converter Final Magniication
50mm 50mm OFF 1.0X
135mm 50mm OFF 2.7X
50mm 50mm TOP 2.0X
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135mm 50mm TOP 5.4X

50mm 50mm BOTTOM 0.5X
135mm 50mm BOTTOM 1.35X

For imaging very large areas, you can invert thesLielate so that the top thread is 52mm and therbot
thread is 77mm. (The epi-illumination macroscope eat be inverted, but you can mount lenses as

shown in the table below using adapters.) Thencguhave the following magnifications:

Top Lens Bottom Lens 2X Tele Converter Final Magnitcation
50mm 50mm OFF 1.0X
50mm 135mm OFF 0.37X
50mm 50mm TOP 2.0X
50mm 135mm TOP 0.74X
50mm 50mm BOTTOM 0.5X
50mm 135mm BOTTOM 0.185X

Note that the area imaged depends on the Tandemrhagnification and the size of the camera target:

Video Camera: 8.8mm (H¥ 6.6mm (V)

FastSmart High Speed Digital Camera: 14.3mm>H}%.3 mm (V)

Lens Settings

Focus — Set to Infinity

Aperture — Maximum opening, which is the lowkestumberfl1.2 for the 50mmi2.0 for the 135mm.
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Tandem Lenses and the Epi-lllumination Macroscope

Applies to:
Imager 3001/V Video: YES
Imager 3001/F FastSmart: YES
Imager 3001/D Dual Video/FastSmart: YES

The epi-illumination macroscope is used in a vatagnsitive dye experiment.

Top view of the epi-illumination
macroscope, seen from above.
The post filter sits in the top tray.
The L-shaped mounting bracket
attaches to the top, using the 4
screws shown, and the top lens
attaches to that bracket, using a
55mm thread. Light enters at the |
shown on the bottom-right. The
bottom lens attaches to the 62mm
bottom thread, partly shown. The
dichroic mirror is mounted at a 45°

angle in the drawer.

Lenses, magnifications, and attachments are the sath the epi-illumination macroscope as with the
plain tandem lens assembly. For a complete lisifigns combinations and magnifications, see the
Tandem LenAssembly chapter. The epi-illumination macroscomeints under the lens plate, and then
the bottom lens mounts to the bottom of the maaescas shown in the following diagram. The only
difference is that the bottom thread on the maapsds 62mm, which means that you need different

adapter rings when you mount the lenses.
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The epi-illumination
macroscope mounts in the
middle of the tandem lens
assembly. The top lens mou
to the 77mm top thread of the
Lens Plate. The bottom lens
mounts to the 62mm bottom
thread of the macroscope,
using an adapter. Light enters
the side of the macroscope ¢
reflects downward off the

dichroic mirror.
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Section IV Camera Information
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Using the 1IM60P High Speed CameralLink Camera

Applies to:
Imager 3001/V Video: NO
Imager 3001/F FastSmart: NO
Imager 3001/D Dual Video/FastSmart: NO
Imager 3001/M 1M60P: YES

The Dalsa 1M60P camera is a versatile, high-quadityera that can be used for both intrinsic imaging
and Voltage Sensitive Dye imaging. It has the uaifgature that as the camera operates in its higher
speed modes, it becomes more sensitive and agtdiigher well depth. The combination of these two
features makes it extremely good at both realnisah imaging.

The following modes of operation of the camerasangported:

Operating Mode Resolution Well Depth Relative Typical Use

(approx.) Sensitivity

(approx.)
25 fps Full Frame 1024x1024 180k e= 24X Intrirlei@ging
30 fps Full Frame 1024x1024 180k e= 2X Intrinsi@afying
50 fps Full Frame 1024x1024 180k e= 12X Intrirsi@ging
60fps Full Frame 1024x1024 180k e= 1X Intrinsic ¢yimay
100 fps Deep Well 512x512 600k e- 2X VSD Imaging
160 fps Deep Well 256x256 1.2me- 4X VSD Imaging
200 fps Deep Well 128x128 2.4m e- 8X VSD Imaging
330 fps Deep Well 128x64 2.4me- 8X VSD Imaging
100 fps Std. Well 512x512 300k e- 4X VSD Imaging
160 fps Std. Well 256x256 300k e- 16X VSD Imaging
200 fps Std. Well 128x128 300k e- 64X VSD Imaging
330 fps Std. Well 128x64 300k e- 64X VSD Imaging

For intrinsic imaging, the 60hz mode of operatiegénerally preferred, since it gives you
the ability to maximize both temporal and spatiahing, to maximize s/n. The other speeds are alvkal
if you need somewhat more sensitivity.

For VSD imaging, the Deep Well modes of operatiausually preferred to the standard

well modes, because the high well depths help magrshot noise and let you get the most s/n in high
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light environments. However, if you need the highstivity of the standard well modes for some osas

those modes are available.
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Using the FastSmart High Speed Digital Camera

Applies to:
Imager 3001/V Video: NO
Imager 3001/F FastSmart: YES
Imager 3001/D Dual Video/FastSmart: YES
Imager 3001/M 1M60P: NO

The FastSmart high speed digital camera is anreglseflexible device. You can vary its spatial
resolution, frame rate, exposure time, and gaorder to optimize its performance for your appliicat
However, you need to understand the tradeoffs apdhilities of the camera in order to get the ogtim

performance.

Camera Types

Physically the FastSmart camera is a single erdityconceptually it's viewed as a set of camepesy
each having a unique set of characteristics. Tausgeecific camera type, you close Vdaq Server and
Client and then run the Vdaq Registry utility. Téygening screen of Vdaq Registry utility contairdrep
down control that lets you pick a specific camerzet and next to the drop down control is a small
window that shows the characteristics of the spetifamera. To save your camera selection, usidehe
menu’sSave to Registry and Exibommand. When you next start Vdaq Server, lodketisplay on the
main screen, which shows the characteristics o€tineent camera, or use the camera characternsps
within Vdaq Client, and verify that the desired @mis in use.

Notethat the Vdaq Registry Utility only displays thengera selection control if you have selected
Digital12 for the Active System on the Componerage

Built-in Camera Types

Vdaq is supplied with two sets of built-in cameypds, the fundamental camera types, which caneiot b

changed, and a useful assortment of derived catyygea, which you are free to modify as necessary.

Resolution| Binned | Frame Rate Gain
Fundamental Camera Types 1024x102Mdio 40 hz. 1X
1024x768 | No 50 hz. 1X
1024x704 | No 60 hz 1X
1024x640 | No 60 hz. 1X
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1024x576 | No 60 hz. 1X
512x512 | 2x2 110 hz. 1X
512x256 | 2x2 200 hz. 1X
512x128 | 2x2 340 hz. 1X
512x64 2x2 520 hz 1X
Derived Camera Types 384x256| 2x2 200 hz 4X
256x256 | 2x2 200 hz. 4X
256x128 | 2x2 340 hz. 4X
128x128 | 2x2 340 hz. 4X
256x64 2x2 520 hz. 4X
128x64 2x2 520 hz. 4X
64x64 2x2 520 hz. 4X

In addition to the above camera types, you canerm@dditional derived camera types using the

FastSmart Camera Configuratiartility.

Hardware Binning

The FastSmart camera has a hardware binning fetitairean combine a 2x2 region of the image into a
single output pixel, at full speed. In the abouddaall of the camera types that operate at 1 bdliaster
use hardware binning, and the resolutions mentiaméuk table reflect the post-binning resolutidrihe
camera. Hardware binning is a mandatory featuthefaster camera modes and cannot be turned off.
Notethat the binning control in tHeata Storaggpage of Vdaq Client refers to additional software

binning that is applied after the camera frameshseen collected.

DMA Buffer

During an experiment, the data frames from the caraee saved in a reserved area of memory caléed th
DMA buffer. Your computer's memory is partially ustor the DMA buffer, and the remainder is
allocated for the Windows operating system. In otdagecord large numbers of frames, you need as
large a DMA buffer as possible. However, you alsedito provide enough space for Windows to run
efficiently. A bare minimum for Windows would be /8, but a more realistic space for efficient
operation would be 128MB of memory. If you aremtarested in recording large numbers of frames,
simply create a DMA buffer large enough for the maxn number of frames, and provide the remainder

of the space for Windows.
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DMA Buffer Calculations

Given the frame rate, frame size, and recordingtolur, you can compute the approximate requireg siz
for the DMA buffer.
The period of a single stimulus is the duratioeath video frame times the number of video frames.
Thus to compute the number of frames that yousaille during each stimulus presentation, divide
the length of the stimulus presentation by the tlerod each frame.
For example, if you are recording for 5 secondqaiyiand operating at 200hz, you'll need to store
1000 frames in the DMA buffer.
The size of the DMA buffer required for a singlaratlus is the number of video frames in the
stimulus times the width of the Region of Inter@¥Dl) times the full height of the camera frame
times 2.
For example, if your frame size is typically 256Ieiby 256 tall (typical for the 200hz cameras) then
each frame will be 256x256x2 bytes or 131,072 byfasu need to store 1000 such frames, you'll
require 131,072,000 bytes in the DMA buffer. Sitioe buffer is allocated in chunks of 8MB, you'll
probably select 144MB. On a machine with 512MB @mory (the smallest configuration of the
Imager 3001/F or 3001/D), that will leave amplemofmr Windows.
Notethat video frames are summed into data framea, fdamnes are spatially binned, and then saved to
disk after each stimulus capture. Thus the DMA buffer needsetlarge enough to store all thideo
frames that you capture.
Also notethat the above formula for frame size ignoresowswioverheads that impact on the number of
frames that can reside in a given amount of memnibiy.accurate enough to determine roughly hogdar
a DMA buffer you'll need for a given stimulus petiand frame size, but in general you should alkeat
little more than you expect to need.

The DMA buffer can be configured using tidaq Registry Utility After each change, the
computer must be rebooted before the change il édfect. In some situations you'll need to adjhst
DMA buffer for each type of experiment that you tat in most cases you'll be able to set it onca to
value that will provide enough storage for both Wiws and the camera, and then leave it at thangett
semi-permanently.

Also be aware that you may want to add more mertwoypur computer if you are trying to
record long sequences of data that take hundreasiegébytes. Imager 3001 systems all have at least
512MB of main memory in the computer, but more baradded as necessary. (Contact Optical Imaging

for advice before altering the hardware setup ofrysmmputer.)
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Reserved Host Buffer

One reason that you might be unable to record ay inames as your DMA buffer calculation would
indicate is the Genesis frame grabber’s Reservesd Blaffer setting. The Reserved Host Buffer is a
region of memory in which the Genesis frame gralsbéware keeps track of each frame’s location, and
if it is set too low it can make it impossible &cord large numbers of frames. In most situationsres
the Reserved Host Buffer is insufficient, VdagSemw#! issue an error message explaining the siboat
The Reserved Host Buffer setting appears in thefi\genesis\shell\genesis.ini, which you
can edit using Windows Notepad editor. Scroll dawatil you find the line
ReservedHostSpaceForLcBuffers=0x10000
You should edit the number at the end of the lnbd a larger value, as necessary. Then savdetanfi
restart Vdag. (If you want to leave the originalueaas a comment, make a copy of the original [raeste
it into the file, and the precede it with a # whistthe comment character.)
The default value is 0x10000, but the value of @@Dis more appropriate for most

installations. If necessary, it can be set to adigyalue.

Spatial Resolution

You can use thBastSmart Camera Configuratianility to modify the spatial resolution of a desiy
camera type. Each derived camera has a maximurnombai and vertical resolution, which is set by
whatever camera it is based on. When you run tetShsart Camera Configuration utility, the maximum
resolution will be shown on the screen, and theecumresolution will be displayed in red if you entoo
large a value.

The main reason to lower the spatial resolutioa oAmera is to save space. However, when
you are saving data during an experiment, onlydtita in the current Region of Interest (ROI) isially
saved in the DMA buffer, so one approach woulddese the cameras at full resolution, with therihte
of using small ROIs as necessary. The other apprsdo create a camera whose spatial resolution is
small enough to guarantee that any ROI you chodseevsmall enough that the desired number of
frames will fit into the current DMA buffer.

One thing to bear in mind when you are creatingsiam camera or setting up your ROl is
that only thewidth reduction of the ROI leads to space savings. érXMA buffer, for a variety of
technical reasons, the full height of the fundammkcaamera is saved in the ROI. Thus when setting up

ROI, a tall-skinny ROI will take less space thashart-wide ROI containing the same number of pixels

61



Frame Rate

Any of the derived camera types can be operatadraime rate that is slower than the maximum rate,
which is the rate of the base camera. There areg/ mEasons you might want to run a camera at a slowe
rate:
You can have a longer exposure, which (obviousiects more light and thus has lower noise
You can match the imager frame rate to some o#ier such as the frame rate of a visual stimulator.
Note that the FastSmart camera operates on auregAg sync source, and it is not possible to
synchronize it, frame by frame, to some other devitowever, you might be able to synchronize
some other device to the frame rate of the imagmrecially if you adjust the Imagers frame rata to
specified value.
You can collect frames for a longer period of time
The disadvantage of lowering the frame rate is @i~ you lose temporal resolution.
The frame rate (actually the frame duration) carsrecified for any derived camera using

theFastSmart Camera Configuratiarility.

Exposure

The FastSmart camera has a programmable exposuia ean be controlled using tRastSmart
Camera Configuratiomtility. The maximum exposure duration is the feaduration minus 0.9
milliseconds.

For the cameras that operate at 110hz and higlequate exposure is often a problem, and
you should usually set the exposure value to thémmam. For example, the 520 hz. camera has a frame
duration of 1.92ms, which means the maximum expgosuonly 1.02 ms, which is roughly 16X shorter
than the exposure of the 60hz. camera.

You can compensate somewhat for short exposuedidos by setting the camera gain to
high, which will give you an additional 4X amplifiton of the signal.

For cameras that run slower than 60hz. you oftentuo reduce either the exposure or the
light to avoid oversaturating the camera. For eXafipyou set the camera to run at 10hz (100msu) y
might want to set the exposure to 20 ms., so thatcpuld use normal light levels. Setting the expes

to the maximum value of 99.1 ms. would force youse very low light levels.

Lens Mounting Plates

All of the fundamental cameras that operate atdpabove 110 hz. use only a portion of the camera
detector, and the unbinned cameras, other thatulllsze camera, also use only a portion of thiecler.
Another way to look at it is the 1024x1024 camerd the 512x512 camera both use the full detector,

while all other cameras use only part of the detect
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Camera Detector Usage
1024x1024 at 40 hz. All
1024x768 at 50 hz. Bottom ¥
All 60 hz. Approx. Bottom %2
512x512 at 110 hz. All
All 200 hz. Bottom %2
All 340 hz. Bottom Y4
All 520 hz. Bottom (Use the ¥4 setting.)

In order to center the lens above the active dattedetector, Optical Imaging supplies an adjista
mounting plate. You should move the plate as necgds center the lens above the active area of the

detector.
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Teli Camera Setup for VSD Video Imaging

Applies to:
Imager 2001 Video: YES
Imager 3001/V Video: YES
Imager 3001/F FastSmart: NO
Imager 3001/D Dual Video/FastSmart: NO (Video caarmmly)
Imager 3001/M 1M60P: NO

In order to collect images at the camiedd rate (50hz for CCIR, 60hz. for RS170) you needrtsure
that the camera is setup internally so that it eggdhe camera sensor on a field-by-field basighdit
proper setup, even though you may be collectingdiat 50 or 60 hz., the long frame-duration exp®su

will cause your effective time resolution to drap25 or 30 hz.

Setup of the Teli CS8310 Camera

TheTeli CS8310camera was supplied with mdstager 2001systems. Check the camera label

carefully, and make sure your camera matches tterpi

Teli CS8310 Camera with the top cover
removed and the top board gently detached,
revealing the middle board that contains the
Frame/Field switch, shown in the red circle.
Rotate the switch 1/4 turn to select either
frame store or field store, depending on your

application.
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Setup of the Teli CS8310B Camera

TheTeli 8310Bcamera was supplied with mastager 3001/Vor Imager 3001/Dsystems. Check the

camera label carefully, and make sure your cameitahms the picture.

Teli CS8310B Camera with the top cover removedeaéng the side board that contains the camera
setup switches, shown in the red circle. For feetgosure, set switches 2 and 3 ON as shown inbitneca

diagram. For frame operation, set them to the diefdFF, which is not shown.
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Interlaced Video and VSD Imaging

Applies to:
Imager 3001/V Video: YES
Imager 3001/F FastSmart: NO
Imager 3001/M 1M60P: NO

To obtain high temporal resolution cortical imagssg voltage sensitive dyes, the Imager 3001/ésel
on frame de-interlacing—splitting each 40 (CCIRB8r33 (RS 170) milliseconidameinto twofields of
20 or 16.67 m millisecond sec duration. To obt&gmals at these rates, you must use the Vdaqg Rggist
utility to select the appropriate camera type:

Teli CS8310B-HT VSDfor RS170-based systems

Teli CS8310BC-HT VSDfor CCIR-based systems.
SeetheVideo 10-bit Hardwargoage of the Vdaqg Registry utility chapter in théald Manual for more
information about the supplied camera types.
Note Image data from the FastSmart camera is notetbiced, and the comments in this sectionab

apply to VSD imaging using the FastSmart camera.

Details

The nominal temporal resolution of the video sigrthht Vdaq uses to record brain activity is 25 Hz
(CCIR standard) or 30 Hz (RS 170 standard). Howevies possible to double this temporal resolatio
in practice, because these signals are interl&zech single frame is actually composed of two s&par
interlaced fields (one odd, one even), which amosgd one after the other. Taking advantage of this
allows the Imager 3001/V to obtain effective imdigane rates of 50 or 60 Hz, by trading off half the
vertical resolution of a single video frame. Thaseris suitable for VSD recording in a wide ranf@o
vivo cortical experiments.

During normal video display on a monitor, the fiiistd of a frame is scanned onto the
display’s screen with a one-line gap between eiaeh then the second field is displayed by scanitig
lines into the gaps between the lines of the fiedtl. The fields are recorded in a similar fashietata
from all the odd lines of pixels on the camera’sBC€hip are sent into one field; data from all there
into another. Cameras shipped with the Imager 308¢stem have been set so that each set of lines—
odd or even—is only exposed for half the duratiba rame. One frame thus contains information

recorded during two distinct time periods.
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When you have specifiedéSDversion of the camera using VdagReg, Vdaq automibtic
separates these fields as it collects data. Itagdpties 2x1 binning in order to restore a 1:1 aspaio to
the saved data (you may select higher binning galugou wish). Once this step has been applied,
subsequent data analysis can proceed much asld favidrame data—keeping in mind certain

considerations that are detailed in the sedflastom Analysis and Field Separation
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Custom Analysis and Field Separation

Applies to:
Imager 3001/V Video: YES
Imager 3001/F FastSmart: NO
Imager 3001/M 1M60P: NO

Standard RS170 and CCIR video cameras prosiiedacedframes, which are composed of tfields

One field contains the even-numbered lines of ithagie, and the other contains the odd-numbered lines
In order to get high temporal resolution for VSpeskments using a 30hz video camera, the individual
fields are separated and converted to frames oause 60hz resolution. This operation, called
deinterlacing, has consequences that must be uoddr® analyze the data properly.

Note:the FastSmart camera used in the Imager 3001tErsyaperates at high speed without

deinterlacing frames, thus its data can be analydgubut differentiating between even and odd frame

Details

Because of the design of the video camera useldéoymtager 3001 to acquire data, there is a
small DC offset difference between the odd and enweeo fields. Furthermore, apart from this DC effs
the two fields of grabbed images each containghti different image, even when the preparation is
completely static—there is a 1 pixel Y offset betwdield 0 and field 1.

Field differences need to be taken into accountpifexample, you are writing your own frame 0
subtraction analysis routine. The proper way tolément frame 0 subtraction on field-separated idata
to subtract what was originally field O of the fixsdeo frame from every even field image, and to
subtract what was originally field 1 of the firstdeo frame from every odd field image.

Other custom analysis routines may also be vulthetalthe systematic field differences
described above. If you discover that there isckg@@und shift visible in every other frame of thaput
from your custom analysis algorithm, check to msilkee that you are properly correcting for any iel

mixing” your analysis requires.
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Section V. Computer Hardware
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Hardware Raid0O Data Storage

Applies to:
Imager 3001/V Video: YES
Imager 3001/F FastSmart: YES
Imager 3001/D Dual Video/FastSmart: YES
Imager 3001/M 1M60P: YES

Imager 3001 systems are typically supplied withdWare RaidO support. RaidO lets disk 1/0O operations
work much faster, typically 2X or more faster, hesadisk 1/0 flows simultaneously to a pair of phgb
disks. RaidO is sometimes callddta stripingbecause data alternates from drive to drive, isdfstriped
pattern. You can find much more information on Rdigks theory and practice at

http://www.storagereview.com/

Typical Imager 3001 systems include the followiagital disk drives:

Drive C: The system disk, which is usually a partition ¢wor) of the hard drive 0. Drive C should be
used only for operating system files, imaging saf®y etc. It is critical to maintain several
hundred megabytes (minimum) of free space on DEiveo that the operating system works
smoothly. It is also critical to avoid saving datsto Drive C, because of the possibility of filling
it up and causing system operations to fail.

Drive D: A user disk, which is usually the second partitddiard drive 0. Drive D is typically used to
store your long term data, presentations, key aealyetc. It can be used as a Vdaq data disk, but
is usually both smaller and slower than Drive Ejclkihis the primary data disk.

Drive E: The Raid0 disk, which should be the primary dédeagie disk for Vdag. Drive E is actually a
pair of hardware drives, which operate in parallglve E is usually both the largest and the
fastest disk in the computer. It should be backedften (as should all the drives), typically after
every experiment. Actually, because of the way R/A&IDO relies on two drives and a
sophisticated controller, it should be viewed nm&keptically than ordinary disks, and backed up
more often, because it’s reliability is the lowebthe disk drives in your computer.

Imager 3001 systems also usually have a Drive \i¢hvis used internally by the data acquisition

software.
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Booting Windows/NT

Applies to:
Imager 3001/V Video: YES
Imager 3001/F FastSmart: YES
Imager 3001/D Dual Video/FastSmart: YES
Imager 3001/M 1M60P: NO

After power is supplied to the system, the compBI€S (basic input/output system) performs a sesfes
hardware checks and initializations that are dedadln the computer screen as they occur. Afteethes
early checks, the computer starts to load the Wisdd T operating system, and presents a brief ménu o
the computer’s boot options. On systems supplie@btjcal Imaging this menu has two options:
The first option is a normal boot to Windows/NT.ig Is the primary boot option, and should be
used routinely.
The second option is a restricted boot to Windowsiizt should only be used for
troubleshooting. It will use a basic VGA driver amdolution (640x480) and it will not install
many “optional” drivers, fearing that they couldusa a difficulty in the boot process. You should
only use this option if you encounter trouble parfing a normal boot. Note that Vdaq will not
operate if you use the restricted boot option. Qtir@ptical Imaging technical support for
assistance.
If the restricted boot fails to start Windows/NTwshould contact Optical Imaging for support. If
support is unavailable and you want to attempoiatioue operations, you could try to boot the fokt
the three emergency Windows/NT boot diskettes segpvith all systems. Select the option to “refzair
installed system,” which might be able to restanectionality. Alternatively, you might want to ude

emergency disk created earlier when you used thekRiility.
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Using a CD-ROM on the Acquisition Computer

Applies to:
Imager 3001/V Video: YES
Imager 3001/F FastSmart: YES
Imager 3001/D Dual Video/FastSmart: YES
Imager 3001/M 1M60P: YES

Because of space constraints, most Imager 300isitiou computers are shipped without a CD-ROM
drive. This has not often proven to be a problem,thas often led to questions about how to stailh
software, should that become necessary.

Let's first separate the problems into two reatnisasters vs. minor problems or upgrades.
If you have a true disaster, like the total failorecorruption of Drive C, then it's unlikely yowald get
things restarted without either a) a full imagaldfe C or b) assistance from Optical Imaging. &seie
is not going to be the lack of a CD-ROM drive, Indre one of expertise and knowledge. If you do
experience a disaster, please contact Optical ingagichnical support in order to develop a plan for
restoration.

For more common problems, at first one would thimt a CD-ROM would be helpful.
Occasionally it might be helpful, but the first péato look for software that needs to be re-insthis the
C:\software directory, which contains all the Oglibmaging supplied software that is containedtan t
system’s CD-ROM. And as you upgrade to newer vassif Vdaq or of other Optical Imaging-supplied
software, you should place the downloaded instaftdtits or in the C:\software directory for eascess
in the future. And also be aware that re-installaf the various tools, drivers, and utilitiestthee
present on the Acquisition computer is rarely neass Contact Optical Imaging technical suppoyoif
believe that something has become corrupted aneleid of reinstallation.

One way to get the services of a CD-ROM withoutialty having one physically present is
to access a CD-ROM over the network. On a comghggrcontains a CD-ROM, simply use the network
facilities to share it, and then you'll be ableus® it from your Acquisition computer. Of courd@st
implies that the Acquisition computer is functiogiwell enough to access the network, but thatusls
the case.

Even though a CD-ROM is rarely required, theretines it might be necessary or
convenient to have one installed temporarily. Fuataly, this is easy to do. First, locate a CD-R@ibk
drive with an IDE interface. If necessary, you earange a short-term loan of one from Optical Imggi

In addition, you'll need a 40-pin IDE data cablerii off the Acquisition PC, unplug it from the Ahé
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outlet, take off the cover, and then connect theRIIM to the motherboard controller and to a spate D
power cable. To locate the motherboard IDE cordrpfbllow the data cable from the top hard diskeir

in the hard disk drive cage. Next to the IDE cotoeuased by the top hard disk drive there will be a
empty IDE connector that you can use for the CD-R@Mthis is very easy for anyone who has
experience configuring PCs, so be sure to seekihefizessary. Once the CD-ROM is connected, simply
boot the computer and use it; no driver installai®necessary. When you're through with the CD-ROM

power off the computer, unplug the cables, and fherthe cover back on the PC.
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Preparing for Serious Computer Problems Under Windo  ws
NT

Applies to:
Imager 3001/V Video: YES
Imager 3001/F FastSmart: YES
Imager 3001/D Dual Video/FastSmart: YES
Imager 3001/M 1M60P: NO

The computers and software used in Imager 300&mgsare highly reliable and will work well for many

years. However, all electronic equipment eventufalils, so you should be prepared as much as gessib
As most computer users know, one way to safeguaudself is to routinely back up your data.
Optical imaging data is voluminous, but even so slould consider keeping two separate
backups, in case one fails.
Store your backup data away from your imaging systéou don’t want a flood or fire or
vandalism in your laboratory to damage both youager and your stored data. Best is for the
stored data to be in a separate location.
Routinely ensure that all fans in the computer labdnterface are operating. The imager has two
fans on the front panel (one on each side) and atféhe rear, while most versions of the Lab
Interface have two fans on the side. The front astempfans pull air into the computer, while the
rear ventilates the power supply. You should pecalty remove and clean (rinse in soapy water)
the filters of the front two computer fans. Notattthe filters can be easily removed from the
front without removing the cover of the computer.
On a yearly basis, inspect the fans and computeriam for accumulation of dust and motes
(large dust balls). If the fan blades are dust oedieclean them with cotton swabs. (Dust-crusted
fan blades are ineffective at moving air.) Cheekfém that is on top of the CPU, and if it is
dusty, carefully clean it. Also ensure that whemwepis applied, the CPU fan spins. Check the
Lab Interface fans and interior for dust and motes.

On a monthly basis, check that the floppy disk@i/working, and replace it if it fails.
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Using the RDisk utility

Microsoft's Rdisk utility is designed to create emergency repair disk that is designed specifidally
your system. It contains all the key drivers arttirsgs that would be needed to restore a non-fanttg
installation.

Insert a blank floppy in the floppy disk drive

.Start Rdisk by clicking on th&tartmenu, then clicking oRun.. and then enter the text rdisk

and click onOK.

When the Rdisk main dialog starts, select@neate Repair Disloption. Windows will then

create the repair disk. Label it and keep it i@ place.
The Emergency Repair Disk contains key informatibout how your computer and disks are setup. Note
that it won't actually let you boot your computHryour boot drive is so corrupted that you carobh
you’ll need to boot using the 3 floppy disks thatme with Windows NT. When you use these three
floppies, you eventually get to a screen that gskswhether you want to Install Windows NT [Enter]
Repair a damaged system [Press R]. Insert therréistiat this point and then pre®sThe process
should proceed from that point.

Note that this procedure depends on having a wgrkoppy disk drive. In a dusty
environment, the exposed heads of a floppy usggitytoo dirty to work well in a period of a yeartaio,
even if the floppy is only rarely used. If the fippdoes get dirty, simply buy a replacement anthlhi.
You might want to periodically use the floppy jistensure it is working, because you will need he

main hard drive fails.

Making a Boot Drive Image

One of the best ways to prepare for disaster msake a complete image backup of your boot hardedriv
Any hard drive failure is a serious problem, buif@s of the data disks are pretty easily addikbye
replacing the drive and reformatting and then masion from backups. Failure of the boot drive isaim
harder to resolve, because if the computer doeswwt you have few options for doing the repair.

To make an image of your boot hard drive, you rtequlirchase a spare IDE hard drive, and
you need to get a utility that will make an imadehe existing drive. For the IDE drive, simply gaty
IDE hard drive with a capacity of 40 gigabytes are It should cost less than $100. There are akver
utilities for making an image of your hard driven€Tone we use is called Drive Copy from Power Quest

It costs $50, as of this writinGeehttp://www.powerquest.com/

In brief, the following procedure will let you malan image copy of your boot disk.
1. |Install your copy utility software.

2. Turn off the computer and remove the cover.
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3. Attach the new hard disk to a power connectud, attach a data cable from the hard drive to
your systems second IDE connector on the mothedb¢&ihe second IDE connector is next to
the first, which is attached to a cable to thelidp drive in your chassis.)

4. You may have to use the fdisk program, usualppied with the image copy utility, to write a
signature onto the new disk.

Use the image copy utility to make a copy oflibet drive.
Power off the computer and remove the data azftilee copy drive. Take the data cable of the
boot drive and temporarily move it to the copy driv
Boot to the copy drive, to verify that it iswlf working, bootable image.
Again power off the computer, and then switahdita cable back to the original boot drive.
9. Remove the copy drive, keep it in a safe placeférably in a separate room). Mark the copy
drive with a label that includes the date, andrtyespecifies its intended purpose.
10. Replace the cover and you're done.
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Maximizing Data Acquisition Time During an Experime  nt

Applies to:
Imager 3001/V Video: YES
Imager 3001/F FastSmart: YES
Imager 3001/D Dual Video/FastSmart: YES
Imager 3001/M 1M60P: YES

It's not unusual for an Optical Imaging experim@mproduce several gigabytes of data. Even
tens of gigabytes in an experiment is fast becomngine. Many problems arise when such
large amounts of data are generated. Some of gfreb&ems are the difficulty of analysis, the
difficulty of storage and transmission, and thdiclifity of backups (which should, by the way,
be redundant). But another problem, often overldadkéially, is the fact that during the
experiment, saving huge data sets slows down therigment, and reduces the fraction of the

time during which data is collected.

In order to reduce data save time during an exparipall of Optical Imaging’s Imager 3001
systems are equipped with a fast RAID (RedundardayAof Inexpensive Disks) disk system specifically
configured for maximal data rates for large imagilaga sets. These RAID disk arrays can reach speeds
of 40 megabytes per second, depending on the dbastics of the data being saved.

In addition to the techniques mentioned in thisptbg in some situations you can use a RAM disk

to speed up data saving. For more informationttseklinimizing Inter-stimulus Time During an

Experiment using a RAM disthapter.

The most important first step for maximizing datgaisition time is to save your data onto the
supplied RAID array, which is usually Drive E. Sayidata elsewhere is likely to be much
slower. (Storing to drive D: might be necessatf:ifills up unexpectedly during an experiment.
Storing to drive C: should always be avoided, bseahe operating system will not work

properly if the system drive fills up.)
Reduce the volume of your datathat you are only saving what is needed:

0 Selectspatial binningof 2x2 or 3x3 to reduce your data volume by 4X0X4r
respectively. This reduces the spatial resolutior increases the signal to noise ratio,

and reduces the data size, which reduces the alatatisne.
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0 Use aregion of interesso that only the area that matters is saved. iShiften a
completely painless way to work faster, becauseetiseno advantage to saving data that

isn’t needed.

0 Reduce the number of data fram&hkis reduces your time resolution, but leadess |

data saved on disk. (This technique is primarilgfulsfor intrinsic imaging.)

0 Reduce the duration of DA®or experiments in which you are saving all tlieo
frames (one camera frame per data frame) you canssane space by reducing the total

time of acquisition. (This technique is primarilygaiul for vsd imaging.)

Avoid storing multiple trials of data in a singléobk file. Many people don't realize that
accumulating multiple trials of data in a singledX file can significantly slow down data
acquisition. During the first trial, the data isngily written to the block file, and the experiment
proceeds at its maximal rate. But in subsequealsttising the same block file, the data first must
be read from the block file, then the data is suthraed then it is written back to the block file.
This read-sum-write operation typically takes miarger, often 3X or 4X longer, than simply
writing the data. The downside of storing eacH tniats own block is that you generate much
more data, so subsequent operations like analgdisransmission to other computers is slower.
Notethat you can use the Block Convert utility at tioeclusion of an experiment to sum a group
of block files into a single block file, therebycmrering the advantages of storing multiple trials

in a single block file.

Avoid working with full, or nearly full disk&\n empty disk works much faster than a full disk.
Second best is to defragment your data disk befach experiment. The ideal procedure is to
backup your data, redundantly, when your RAID diskomes half full or more, and then remove

that data from the RAIDNotethat defragmenting a nearly-empty disk is a vest bperation.

You should also be aware of the tradeoffs inheiretite RAID disk array. By having two
drives work as one, you can get a significant spped disk operations, which is extremely
helpful in experiments that work with gigabytesdata. But using two disk drives is obviously
only half as reliable as using a single drive. Modgisk drives are very reliable, and usually
work without trouble for many years, but you shoaldiays backup your data after every
experiment. Actually, human error is an even mikey reason for data loss, which makes it

doubly important to do a backup as soon as yosHiobllecting the data.
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Minimizing Inter-stimulus Time During an Experiment using a
RAM Disk

Applies to:
Imager 3001/V Video: YES
Imager 3001/F FastSmart: YES
Imager 3001/D Dual Video/FastSmart: YES
Imager 3001/M 1M60P: YES

The previous chapteMaximizing Data Acquisition Time During an Experintediscussed

how you could speed up an experiment by reduciagthount of data that is stored at the
conclusion of each stimulus. The techniques dismigsthat chapter are useful, but they
typically work at the margin, reducing the inteirrsilus time by experimentally significant, but

numerically modest, amounts.

However, for some experiments it's possible to oedihe inter-stimulus interval much more
dramatically by using RAM Disk Typical data speeds to a RAID hard drive arr&ysamewhere in the
range of 3 to 50 megabytes/second, while the speadRAM disk are in the neighborhood of 300mb/sec.
Thus speedups of 10X or more are possible.

So, what is a RAM disk? It's probably easiest tdenstand by comparing it to something familiar,
a standard hard drive. A standéwatrd drive like the hard drives used in an Imager 3001's[RAtray, is
an electro-mechanical device. It has a rotatinged@oated with a magnetic material, and it has a
read/write head that moves radially. All of thesectmanical components place speed limits on thedriv
and even though the limits have increased draniigticeer time, the speed of a hard drive is sall f
lower than the speed of the electronic circuitrydur PC. In contrast to a hard drive, a RAM disk
doesn’t contain any moving parts, because thegtdsaelectronic, in fact the storage is a reseoheohk
of the memory in your pc. Because the RAM diskligkectronics, without those pesky moving parts, i
can operate at very high speed, much higher thaestro-mechanical hard drive. But because the RAM
disk is borrowing memory from your PC’s main memats space is limited, very limited when
compared to hard drive, which today contain mang @& even hundreds of gigabytes. Also, keep in
mind that the contents of a hard drive, since #reystored on a magnetic material, are retainechwie
computer power is removed, but the contents of MRHIsk are lost when computer power is lost. Thus

anything stored on a RAM disk has to be duplicateé hard drivddeforethe computer is turned off.
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To make a RAM disk, you run a program that setdeasome of your computer's memory, and
manages it as if it were a disk drive. A RAM disdsha file system, a root directory, it can be fdteth
and so on, just like a hard drive. To a prograRAM disk looks just like a hard drive, except titdias
a modest capacity, and operates much faster.

In order to make use of a RAM disk to speed ugrter-stimulus interval of Vdaq, you need a
RAM disk large enough to accommodate a block Tilee easiest way to determine the size of your block
files is to setup Vdaq using your typical experitaparameters, run a dummy experiment, and then us
Windows explorer to see the size of the blocktfilet was produced. Because the RAM disk is using yo
computer’'s memory for its storage, it's not praaitio use a RAM disk if your block file is largédran
about one gigabyte on a PC with two gigabytes oMRAemory, or if your block file is larger than aliou
500mb on a PC with one gigabyte of memory. If yiolack file is too large to fit in a (memory residgen
RAM disk while leaving ample room for Windows, Vdamd a stimulus buffer, then you might consider

storing fewer conditions in the block file, or adiog some of the techniques in theeceding chapteto

reduce the size of your block files.
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Installing a RAM Disk

Applies to:
Imager 3001/V Video: YES
Imager 3001/F FastSmart: YES
Imager 3001/D Dual Video/FastSmart: YES
Imager 3001/M 1M60P: YES

The RAM Disk that we have tested with Vdaq, on batindows XP system and a Windows NT

system, is the free one from AR Soft, which camlbenloaded fronhttp://www.arsoft-online.déf you

can’t manage to download it from the web site, aonOptical Imaging for a copy.

Before you install the AR Soft RAM Disk, it's a gbddea to plan the sizes of the memory pools in

your Imager 3001. To do this, you need to know:
The size of a single stimulus, which dictates ike sf the stimulus buffer
The number of stimuli stored in each block file,iethdictates the size of the RAM Disk
The amount of RAM memory in your computer, whichl wften be 1G (billion) or 2G bytes.

First, setup the stimulus buffer (also called thd¢Amemory or the non-paged memory) using
VdagReg. Because online maps are also stored itithalus buffer, you need to set aside 20-50 MB
more than your stimulus size. So if your typicahstius is 100mb (for example, 50 frames, 1024 sguar
2 bytes/pixel) you should probably set the stimiduffer to 150mb. Once you’ve specified the size,
VdagReg will reboot the computer. If you have aeayswith 1GB RAM (approximately 1000 MB of
RAM), after the stimulus buffer is set aside, yparwill have roughly 850 MB remaining.

Having set aside space for the stimulus buffer, yext need to install the RAM Disk. First extract
the files from the download into an empty directdrfien run the file setup.exe that will guide you
through the simple installation. The only change peed to make is the size, which should be large
enough to hold a full block file. In the exampleoab, lets assume that each block holds 3 stimulichv
means the block file will be approximately 300 MBiven this, the RAM Disk should probably be set to
325MB, because it will also need to hold a few m&lmaps files. A 325 MB RAM Disk should work
well, given that you have 850 MB to work with, sinit will then leave 525 MB for Windows. (If, insté
of storing 3 stimuli in each block file, you wer®isng 8, then the block files would be about 8001thle
RAM disk would need to be about 825 MB, and theoeild only be 25MB for the Windows system,
which wouldn’t work. In such a case you would hawvelo something to reduce the blockfile size, @ithe

by storing fewer stimuli, or by making each stinrsgmaller.)
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The other choice you need to make is the disk deiiter to assign to the RAM Disk. We suggest
usingT to remind you it isemporary since its contents will be lost when the PC omed. Set the size
and drive letter, and reboot as directed.

When the computer reboots, use Windows Exploreetoif the drive appears in the list of drives,
and see if a small file can be copied to the diivall is well, then you can proceed to using thize.
However, if it isn’t working, the likely problem ihat your PC isn’t booting with support for theskreat
file system that is used by the RAM Disk. (The meathe PC isn't installing this driver is that tR&AM
disk isn’t present early in the boot phase, whensiystem scans the drives to determine which yséesn
drivers to load.) The way to solve this is to placealue into the windows Registry to force thetFas

file system to be loaded each time the computetshoo
Start Regedit.exe
Navigate to HKLM\SYSTEM\CurrentControlSet\Services\ Fastfat
Change Start value from 4 (disabled) to 1

Then restart your computer, and see if the RAM Eskow working.

Using the RAM Disk

To use the RAM disk, you need to make several selecin Vdagq:
Specify the RAM disk (usually drive letter T) agtlocal data directory, using the Vdaq Server
file menu.
On the Data Storage Parameters page of Vdaq Céipatify a mirroring path, which should be
on a permanent local drive. When each block fileoispleted, it will be automatically copied to
the mirroring directory. (Unfortunately, using a RAlisk makes it impossible to concurrently
copy your block files to a remote computer, whighhe common use of the mirroring path
control.)
On the Data Storage Parameters page of Vdaq Clieaheck the ‘Keep Local Copy’ checkbox.
Since the RAM Disk has only enough space for onelbfile, you have to delete the RAM Disk
block file once it has been copied to the mirroediory. Otherwise, you won'’t have room on the
RAM Disk for the next block file.

Before doing a real experiment with a RAM Disk, yahould do a complete dry run, making sure that

everything is working as you expect.
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Appendix A The Optical Imaging Block File Header

Overview

The Optical Imaging Block file consists of a heafidlowed by the data. The header
completely describes the characteristics of the,datluding the data organization, the frame
dimensions, the size and type of each pixel, aaddbtation of each frame. The values of all offthkls
in the block file header are directly reported by WinTell utility.

A C/C++ style header file is reproduced here ferwlse of advanced users who wish to be
able to access data using custom- or 3rd-partysisagoftware. Not all fields are completely desed
here, but this information is enough to allow yougad/write block files if you have prior experenn
working directly with binary file formats.

While working with the header, you should keep indrthat it has evolved over the course
of more than a decade. Many fields are obsolettaam no longer used. Other fields are new, andatre
set in older block files, or in new block files preced from older software. The most important Beld
those having to do with file format (DC or diffete), pixel format (16-bit integer, 32-bit intege2-bit
float), frame count, binning, condition count, draime size have been unchanged since the beginning,
and should be applicable to any block file.

Another thing to keep in mind is that there are yniggpes of block files. This can be a little
surprising because your version of vdaq probaldygpces just one type of block file. If you create
custom software to analyze a block file, you'reefte be as general as you wish with regard toikbe f
format. Many people who, for example, are usedstdit differential pixels will write analysis sofave
to work with only that format. That's fine, but yshould always put in a few checks to ensure tiat t
file is actually in that 16-bit differential formadnd not in some other format that your softwane'tc

properly handle.

Details
DC block files contain true image data, not differential datee Trtdividual pixels in a DC block file
are either 2-byte unsigned values, 4-byte longealor 4-byte IEEE floating point values. The field
values you need to use to read this format ardagia those for reading a raw block file, excepatt
there is no reference frame. Imager 3001 Vdaq preslDC block files using either 2-byte unsigned
pixels or 4-byte signed pixels, depending on camgra, amount of on-line binning, and amount of
on-line frame accumulation. These files can be edd using Block Convert to contain either 4-
byte signed pixels or 4-byte IEEE floating poirtgds. (Block Convert can also output to other non-

block file formats.)
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Raw (differential) block files were produced by Imager 2001 systems. They catelbed and
converted using all WinMix software, but are nadgiwced by Imager 3001, and will not likely be
encountered by Imager 3001 users.
Sum block files and image block filegre no longer supported by Optical Imaging softwaie
probably won't have to work with the sum file orage file variants of the Optical Imaging block file
format. If you run into these formats and have teucontact Optical Imaging Technical Support for
more information.
There are four common block file varieties in conmuse in Optical Imaging products:

A. 16-bit Differential (with reference) -- output of Imager 2001 Vdaq

IFileType = 11 (DIFF_FILE)

IFileSubtype = 11 (FROM_VDAQ)

ISizeOf = 2

IDataType = 12 (DAT_USHORT)

IRefSize = nonzero, implying a reference frame
B. 32-bit DC Float (no reference) -- output of Block Convert

IFileType = 12 (DC BLOCK_FILE)

IFileSubtype = 11 (FROM_VDAQ)

ISizeOf = 4

IDataType = 14 (DAT_FLOAT)

IRefSize = 0, implying NO reference frame
C. 32-bit integer DC without reference -- output of Imager 3001 Vd&@2-bit pixels, or output of
Block Convert

IFileType = 12 (DC BLOCK_FILE)

IFileSubtype = 11 (FROM_VDAQ)

ISizeOf = 4

IDataType = 13 (DAT_ULONG)

IRefSize = 0, implying NO reference frame
D.16-bit integer DC without reference -- output of Imager 3001 Vdfad 6-bit pixels

IFileType = 12 (DCBLOCK_FILE)

IFileSubtype = 11 (FROM_VDAQ)

ISizeOf = 2

IDataType = 12 (DAT_USHORT)

IRefSize = 0, implying NO reference frame
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/*

*\

| Field: IFileType.
\*

*/

#define RAWBLOCK_FILE
#define DCBLOCK_FILE

11)

(12)
#define SUM_FILE (13)

#define IMAGE_FILE (14)

/*

*\

| Field: IFileSubtype.

\*

*/

#define FROM_VDAQ (11)
#define FROM_ORA (12)

/*

*\

| Field: IDataType.
\*

*/

#define DAT_UCHAR  (11)
#define DAT_USHORT  (12)
#define DAT_LONG  (13)
#define DAT_FLOAT  (14)

o
/I simple data types
T T
typedef unsigned short

typedef unsigned long

/*

*\

| Block File Header
\*

*/

typedef struct {
/I Data integrity
long IFileSize;
long ICheckSum_Header;
long ICheckSum_Data;

/I Common to all data files

M

M
ushort; /I 2 byte value
ulong; Il 4 byte value

I/l beginning with the ILen Header field
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long ILenHeader;

long IVersionID;

long IFileType; /I e.g. DCBLOCK_FILE, RAWBLOCK_FILE
long IFileSubtype; /I e.g. FROM_VDAQ, FROM_ORA
long IDataType; /I e.g. DAT_UCHAR, DAT_USHORT
long ISizeOf; I e.g. sizeof(long), sizeof(float)

long IFrameWidth;

long IFrameHeight;

long INFramesPerStim; /I data frames

long INStimuli;

long lInitialXBinFactor; /l from data acquisition

long lInitialYBinFactor; /I from data acquisition

long IXBinFactor; /I this file

long IYBinFactor; /1 this file

char acUserName[32];
char acRecordingDate[16];
long IX1ROlI;

long IY1ROI;

long IX2ROI,

long IY2ROI,

/I Locate data and ref frames
long IStimOffs;

long IStimSize;

long IFrameOffs;

long IFrameSize;

long IRefOffs; /I lmager 3001 has no ref
long IRefSize; /I these fields will be 0
long IRefWidth;

long IRefHeight;
/[ Common to data files that have undergone som e form of "compression”
/I or"summing"; i.e. The data in the curren t file may be the
/I result of having summed blocks 'a'-'f', rames 1-7

ushort aushWhichBlocks[16];

ushort aushWhichFrames[16];

/I 256 bits => max of 256 blocks per expt
/I 256 bits => max of 256 frames per

/I condition

/I Data analysis

float fLoClip;
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float fHiClip;
long ILoPass;
long [HiPass;
char acOperationsPerformed[64];

/I Ora-specific—not needed by Vdaq
float fMagnification;

ushort ushGain;

ushort ushWavelength;

long IExposureTime;

long INRepetitions; /I # of repetitions
long IAcquisitionDelay; /I delay of DAQ relative to Stim-Go
long linterStiminterval; /[ time interval between Stim-Go's

char acCreationDate[16];
char acDataFilename[64];
char acOraReserved[256];

/I Vdag-specific

long lincludesRefFrame; /l0orl

char acListOfStimuli[256];

long INFramesPerDataFrame;

long INTrials;

long IScaleFactor; /I NFramesAvgd * Bin * Trials
float fMeanAmpGain;

float fMeanAmpDC,;

BYTE ucBegBaselineFrameNo; /I SUM-FR/DC File (i.e. compressed)
BYTE ucEndBaselineFrameNo; /I SUM-FR/DC File (i.e. compressed)
BYTE ucBegActivityFrameNo; /I SUM-FR/DC File (i.e. compressed)
BYTE ucEndActivityFrameNo; /I SUM-FR/DC File (i.e. compressed)
BYTE ucDigitizerBits; /I cam_GetGrabberBits

BYTE ucActiveSystemID; /I core_ActiveSystemID()

BYTE ucDummy2;
BYTE ucDummys3;
long IX1SuperPix;
long IY1SuperPix;
long IX2SuperPix;
long |Y2SuperPix;
float fFrameDuration;
long IValidFrames;
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char acVdagReserved[224];

/I Note = SYSTEMTIME is 8 WORDS (16 bytes)
SYSTEMTIME rTimeBlockStart;
SYSTEMTIME rTimeBlockEnd;

/I User-defined
char acUser[224];

/I Comment

char acComment[256];
} OIHEADER T,;
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Appendix C Glossary

.BMP file: This is an 8-bit image file written in the standi&vindows Bit Map file format.

AV file: This is a file in themageView file format, a simple image format specificMdaq.. The
header of the file is 3 four-byte integers: first,ahen the width of the image in pixels,
and finally the height of the image in pixels. Tgieel data follow immediately, encoded
as a 2-dimensional matrix of unsigned 1-byte intege

AVF file: This is afile in thd mageView file format, a simple image format specificMdag..

The header of the file is 3 four-byte integersstfa 4, then the width of the image in
pixels, and finally the height of the image in p&xeThe pixel data follow immediately,
encoded as a 2-dimensional matrix of unsigned é-lBEE (Institute of Electronic and
Electrical Engineers) floating point numbers.

.LUT file: This is aLook-Up Table file which contains information used by Vdagnponents to
map colors to pixel values when they are displajedb .LUT files are attached to preset
buttons (a 256-color grayscale LUT and a 16-coldiIcalled SAT.LUT); other .LUT
files can be defined by the user and loaded threudialog.

.PRM file: A .PRM file defines settings for all the Parametszsded to run an experiment.

advanced modeVdaq Server and Vdaq Client both have an advanc®ik activated by the
File menu’s Advanced Mode command, or Ctrl-Spacé¢his mode, additional display
and command options become available for verifgng calibrating system function.

artificial cortex: A seven-segment LED display used as a subject wedstimg the functioning of
the Imager 2001 system. A step-by-step explanatidrow to perform an artificial cortex
test is available (see the section in Part II: Al Cortex Test).

binning: When spatial binning is selectexy{ Data Binning > 1), every group of 2 or 3 image
pixels in each dimension is summed to get a sipixlel value, which is then placed into
a new image 1/2 or 1/3 the size of the originaach dimension. The effect of this is to
reduce high-frequency spatial noise, and to rethesize of the block files on disk.
Note that binning may contribute to creating a aat@rflow condition.

block file: Accumulated data frames are written to block filekich have a file name
concatenated together based on three parametexs:Hdaname, Experiment ID, and
Block Files Per Experiment. The data from a uséindd number of trials are
accumulated into each block file, then a new oriEeggun with file name extension one

letter above the previous.
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CCIR: CCIR is the European black-and-white video standatths a resolution of 768 x 574
pixels (acquired image size may vary slightly defieg on camera type), and a 25 Hz
interlaced frame rate. CCIR is the basis for tHercBAL video format.

clipping values: Online maps and other activity maps have a dynaamge which must be
compressed or stretched to match the range ofagraglor values which can be
displayed on the monitor. Vdagitomatically computes clipping values that araluse
perform this mapping in terms of the ratio of theges used to obtain an on-line map.

connect directory: Vdag can take advantage of network-shared driveidw data acquisition
be controlled remotely, and to allow the acquirathdo be viewed remotely. To do this,
all communicating Vdagq components should be seh&we the same connect directory,
which is typically on a shared directory that i¢ aon the data acquisition computer itself.
The connect directory can be flexibly set in Cljeartd the default for a given installation
is defined using the Vdaq Registry Utility.

data frame: Depending on the settings specified by the curieRM file, a data frame contains a
variable number of video frames, integrated togefhiee rate at which data frames are
acquired depends on the number of video frameshaftwthey are comprised, and the
frame rate of the camera itself. The resolutioa dhta frame likewise depends on the
resolution of the camera’s video format, and caneioeiced by a factor of 1, 2, or 3,
depending on the current binning setting.

differential image/enhanced imageAn image produced by subtracting a reference infiauye
a live video signal, then amplifying the resultréweal small changes in the scene
occurring since the reference frame was taken.

digital I/0 ports: Vdag communicates with several externally conriedivices through TTL-
level digital input/output ports. A detailed listthe default functions of the digital I/O
ports is available from th&erver Help menu.

experiment: When Vdag executes a .PRM file, it runs an expenimincluding a defined set of
stimulus episodes repeated for a defined numbratd, creating a defined number of
block files.

field: A single video frame is divided into two interlacields. In some versions of the Imager
2001, it is possible to separate the fields thdteng a frame, doubling temporal
resolution at the cost of half of the vertical leson of the camera.

fractional reflectance change The fractional reflectance change is the amotiffuactionally
specific] change in the reflectance of a [braimjioa in the camera’s field of view;
expressed as a fraction of total baseline refleegtaneasured. This value is very small for

intrinsic imaging mapping signals, typically on theler of one part in one thousand.
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frame grabber: The Genesis, Pulsar, or Meteor frame grabber bosadufactured by Matrox
and included with the Imager 2001 system, is usetiditize the incoming camera
signal, as well as to display live images of thdewa signal on the computer’s main
monitor.

go bit: This is a bit on the digital I/O interface whichset TRUE by Vdaq just before recording
begins. It is intended to be used by the stimursegator to synchronize the timing of
stimulus presentation and data recording. It cao bé manually set: stimulus IDs with
values of 128 or greater always have the go biftsetgo bit is identical to the most
significant bit of the 8-bit stimulus ID). See Dafig Stimulus IDs for more details.

green-illumination image: Before beginning an experiment, it is good practitake a static
image of the area to be functionally imaged usiregg illumination. Under illumination
by a green light, the pattern of blood vesselfigndortex stands out clearly, due to the
high absorption of hemoglobin at this wavelengthisican serve to provide important
landmarks both during acquisition and analysistep-<y-step explanation of how to
acquire a green-illumination image is availables(8ee manual section entitled Acquiring
a Green-lllumination Image).

heartbeat signal:Vdaq can receive TTL pulses from an external lheattmonitor, which
delivers a pulse at the same phase in each hearibgmallows synchronizing the
respirator to the heartbeat.

illumination shutter: The light passing to the cortex from the illuminatsource can be turned
on and off bywdaq by means of a computer-controllable illuminatidwitser.

light guide: The usual means for illuminating the experimeptabaration is a fiber-optic or
liquid light guide attached to a tungsten-halogghtlsource. A lens at the end of some
light-guides aids in focusing the illumination tdaght, even spot. Optical Imaging
recommends using a pair of light guides to helproducing more even illumination of
the camera’s field of view.

live view window: Some commands in Vdaq invoke live view windowsichitare floating
windows that display the live camera image.

LUT: A LUT, or Look-Up Table, is a table that specifeesolor or gray value for display of each
of the 256 possible pixel values an eight-bit image contain. In Vdagq, clipping values
are used to determine how to map images with gréae eight-bit precision onto the
256 color values available in a LUT.

online map: To allow the experimenter to immediately view awvaluate the results of an

ongoing experiment, Vdaq Client allows the defonitiof online maps, which are
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differential images produced by dividing imagesirone set of stimuli by images from
another set of stimuli.

respirator. For many kind of experiments, it is preferable#walyze the animal and respirate it
artificially to keep a stable preparation. Usingifeial respiration also allows
synchronizing the respirator to the heartbeat.

ROI: A Region Of Interest can be defined to mark tHe®gion of the camera’s field of view
that contains the “interesting” part of the scamée imaged. This reduces the amount of
space that block files take on disk, and can sppeghalysis later on.

RS-170:RS-170 is the U.S. black-and-white video standiitias a resolution of 750 x 480
pixels (precise image size may vary depending ercémera used) and a 30 Hz
interlaced frame rate. RS-170 is the basis foctier NTSC video format.

SAT.LUT: This is a special UT file that is typically used when setting the illuimation before
beginning an experiment. It maps the 256 availpi{el values to the following 16

different colors; low values at the left, and higilues at the right.

saturation: Saturation is manifested as a uniform, maximhatight region of the image. It occurs
when the illumination exceeds the well capacityhaf CCD chip on the camera, or when
the camera’s output signal falls beyond the dynaamgye of the circuits which
amplify/digitize the video signal. Saturation pretethe acquisition of valid data, and
must be avoided.

shot noise:ln an ideal imaging situation, the largest contrioio the noise of an image is shot
noise. Shot noise results from random fluctuatiartke light levels reaching a detector
that are due to the quantum nature of light. ltéases as the square root of the total
average illumination intensity. The signal increspeoportionally to the total average
illumination intensity. Thus, the signal-to-noisgio increases with increasing
illumination when shot noise is the limiting noisentributor.

signal-to-noise ratio: Because intrinsic imaging relies on the detectibwery small changes in
reflectance, maximizing the ratio of the signak(tbinctionally relevant change in blood
flow) to the noise (errors in the measured lightledue to fluctuations in the, shot noise,
or non-functional changes in the reflected ligheledue to “biological noise”) is crucial.
This is not to be confused with the signal-to-baokgd ratio, also called the fractional
reflectance change.

stimulus generator: A device for producing an image, sound, touch,wtdch produces a
physiological response in the experimental subjéoti must configure your imaging

system so that theresentation it makes can be controlled by theeotiistimulus ID.
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stimulus ID: A specification of one of 128 possible presentaiohimage, sound, etc. sent to an
externally connected stimulus generator duringrawdus. Note that while Vdaq specifies
which stimulus to present (and when), it does moiegate or present the stimulus itself.
SeeDefining Stimulus ID$or more details.

stimulus: (As used in this manual): a single data acquisiépisode, during which one stimulus
ID is sent from Vdaqg to an external stimulus getmrgMore commonly): the image,
sound, etc. produced by a stimulus generator.

superpixel region: A superpixel region is a small rectangular parthef camera’s field of view
which can be defined from within one of the Canteetup dialogs.. During an
experiment, the SuperPixel Time Courses displa@lient will display the average value
of the pixels within this region as a function p&kt number.

synchronize respirator: A significant source of biological noise comesirammovement of the
brain during the stimulus due to the respiratiod heartbeat of the subject.
Synchronizing the respirator with the heartbeatesakis movement more reproducible
from stimulus to stimulus, and thus subject to easyoval using differential image
analysis.

trial: A complete set of stimuli (presented in orderardomly), as determined by the list of
stimulus IDs defined for the current experiment.

video format: The Imager 3001/V system supports two standardkidad-white video formats:
RS-170 (common in the U.S, Canada, and Japan)C&hd (common in Europe). (The
Imager 3001/F uses a FastSmart digital camera wiaekn't follow international video
standards.)

video frame: Each full image produced by the video camera iglao/frame. For systems with a
true video camera, meaning a camera that follotesnational video standards, video
frames are always produced at a rate of 30 fpsi(RF-or 25 fps (CCIR), and always at
the resolution of the camera’s video format. Fatems with a FastSmart high speed
digital camera, frames are produces at many difterses, depending on the camera
settings. Video frames are accumulated by Vdagddyce data frames, which are saved
in block files.

view window: Some commands in Vdag invoke view windows, whighfepating, scrolling,
resizable windows that allow you to zoom imagegaous scales for closer

examination.
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