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Section I  Using Vdaq 
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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 Vdaq, you will need to run the Vdaq Registry Utility component in order to make Vdaq’s 

data acquisition components aware of the hardware available on your particular installation. If Optical 

Imaging has installed Vdaq for you, you will not need to set the hardware environment settings for your 

data acquisition machine, but you should familiarize yourself with the utility. 

 You will also need to use the Vdaq Registry Utility to make Vdaq aware of the connect 

directory that you will use to allow the various software components to stay synchronized with each 

other. Instructions on setting up these directories and configuring Vdaq to use them are given below. 
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General System Setup 

The Connect directory is used by all of the Vdaq components to communicate. It is usually set to 

C:\TEMP although you may place it anywhere on your data acquisition computer. 

 On data acquisition machines, the Data directory needs careful attention. Faster disk access 

can speed certain experiments in which large amounts of data are acquired. OPTICAL IMAGING ships 

systems which have a special volume (typically the E: drive) that has been set up with hardware RAID0 

(Redundant Array of Inexpesive Disks) drive for data storage.  

 

Note do not store data onto your system drive (drive C) because data files are huge, and Windows will 

stop working well if you fill the system drive.  

Note that on most systems there is a large Drive D that can be used for data storage, but it does not 

operate as quickly as the RAID drive, which is usually E:. 

For further hardware setup information, contact OPTICAL IMAGING technical support. 
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Using the Vdaq Registry Utility 

From the Windows Start menu, or from a desktop icon, launch the Vdaq Registry Utility. Select the 

Directories tab, and follow the instructions below. For more information on any given entry, consult the 

corresponding entry in the VdaqReg software manual. 

Connect: This directory should usually be set to c:\TEMP. 

Data: The data directory should be on a large, fast hard drive connected directly to the machine. This 

setting is stored individually for each user, so if you access Vdaq from several login accounts, you will 

have to set this for each. 

The other settings available in this dialog are either seldom changed from their factory 

default, or self-explanatory. Refer to the software manual for the Vdaq Registry Utility for more details.  
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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 subject, Optical Imaging highly recommends that you perform 

the following artificial cortex experiment, which mimics the conditions of a real experiment as closely as 

possible. This gives you the opportunity to become familiar with the system, and helps ensure that the 

system has been set up properly, before going to the use of an animal.  

 Understanding how to do an artificial cortex experiment is also critical if you should have to 

troubleshoot any problems that may occur with imaging in the course of your experiments. If you 

experience any imaging problem that causes you to suspect the performance of your hardware, you 

should, before performing any more experiments using live subjects, make certain that the hardware itself 

is performing properly by running a hardware-only artificial cortex test. The first step to solving any 

imaging problem is to isolate it to either the hardware, or to the biology. The artificial cortex test (also 

called the LED test) is your best tool for making this first step. 

The instructions in this manual are intended to give as complete a description of the artificial 

cortex test as possible. However, if you have questions on how to perform or evaluate a LED test, Optical 

Imaging technical support is also available to help you. 

 

“When in doubt, perform a LED test.” 

 

Also, please note that although Optical Imaging guarantees the technical performance of its systems, the 

large number of different experimental preparations and surgical procedures used world-wide prevents us 

from troubleshooting or guaranteeing biological performance. Nevertheless, our experienced technical 

support can in many cases offer helpful suggestions to guide your own efforts in this respect. 

Additionally, on-site experimental training from Optical Imaging is available. 

Before you start 

· Attach the artificial cortex LED to the port provided on the Imager’s Laboratory Interface panel. 
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· Arrange for a DC light source (available as an Optical Imaging option) that can illuminate the artificial 

cortex as you would the actual cortex. The idea is to make this test as close as possible to a real 

experiment. 

General instruction 

· When imaging, turn off any AC lighting in the room—use only DC room lighting. 

· Make sure the light from the monitor is not falling on the target. 

· Make sure the camera is securely mounted. If it is on an air table, float the table. 

· Make sure the equipment has stabilized before performing the test. 

Step-by-step instructions—the basic test 

· Turn the Imager on. This will also turn on the camera. 

· Turn on the computers. Launch Server on the DAQ machine, and Client on the client machine. 

· In Vdaq Server, select Camera Setup… to summon the Camera Setup Dialog. Use the controls to 

display a live reference image on the screen. 

· Place the LED display under the macroscope and focus. Position the "8" so that it appears in the 

center of the monitor. At a macroscope power of 1, objects of approximately 8 mm in length can be 

imaged. You’ll need at least some dim light in order to see the outline of the LEDs. 

· Open the F-stop of the camera’s lens all the way to limit the camera’s depth of field. 

· Select StimID and change the current stimulus ID value to something besides 0 (e.g., 1) to turn one of 

the LEDs on.  

· Select the default color map for image display. Now the live image is displayed with a 16 color 

pseudo-color display. 

· Control the level of the LED illumination itself with the potentiometer on the Laboratory Interface 

front panel. The LED light should almost saturate the illuminated pixels. Lower the light level slightly 

after you notice a few white pixels. 
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An example image of one LED segment at the proper illumination intensity 
 

· Place a light attenuator of 1000x (3 OD) over the LED display (often called a neutral density filter; 

this is also an Optical Imaging option, together with filters). You should also cover the attenuator 

with a transparent but somewhat light-scattering tape (Scotch brand cellophane tape is fine). This 

makes sure enough light is reflected from the surface of the attenuator to provide a good illumination 

background, which you will set in the next step. The attenuator’s surface should be out of focus if you 

remembered to open the aperture of the camera when you were focusing the camera previously. Don’t 

refocus the camera on the attenuator; leave it focused on the LED. The LED brightness is now 

attenuated by 1000-fold. On the camera display you should see—nothing. 

· To reproduce the biological situation of working under the highest light level (which provides the best 

signal to noise ratio in a real experiment), shine some background illumination on the attenuator. This 

is a good time to practice your illuminator placement technique.. The background illumination should 

again be raised to just below saturating levels. If you have to change the aperture setting (f-stop) of 

the camera lens during this step, you must go back and recalibrate the brightness of the unattenuated 

LED as well. 

 

Configuration for an artificial cortex test. The camera macro lens is located at top center. The 

LED elements of the artificial cortex (center) are hidden by the tape-covered OD 3 light 

attenuator. Illumination is provided from the two light guides at the sides 

· What you now have is a large background illumination that can be modulated by 0.1% by turning the 

LED stimulus bits on and off. This 1 part in 1000 signal is similar to the amplitude of the intrinsic 

signals the system is designed to measure. 
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· Close the Camera Setup Dialog, and switch to Vdaq Client. You must close this dialog before Vdaq 

Server will let Client take control of data acquisition. 

· In Vdaq Client load a parameter file appropriate for performing an LED experiment. The Vdaq Client 

default parameter file (shown on start up) is fine, or see the sample. If you use your own parameter 

file, make sure that Inter-stimulus Stimulus Type is set to BLANK. You should have at least 2 

conditions defined: LED on (e.g. stimulus ID 1)and LED 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… command to show the on-line analysis images. In the 

on-line maps, a modulation of 0.1% should be clearly visible after 1 trial without any averaging. Note 

the clip range for the on-line maps. It should be about 2 parts in 1000.  

· If you also want to become familiar with data analysis, you might want to define and execute a more 

complicated experimental protocol, and try analyzing it later using WinMix, Optical Imaging’s data 

analysis software package. 

Measurement of the shot noise level. 

· Having demonstrated that you can measure optical signals as low as 0.1%, you can now measure the 

shot noise of the system. Shot noise is the high spatial frequency noise in an image that is due to the 

statistical nature of light hitting the camera’s detector. It increases as the square root of the light 

collected.  

· Setting up for this test is simple if you’ve just performed a normal LED test: just disconnect the LED, 

or turn its power level down to 0 on the Laboratory Interface panel. Leave the background 

illumination on. 

· In Client, press Start. 

· Once they appear, examine the on-line maps, in particular the clipping values. All of the images will 

just show the shot noise level associated with your instrument.  

· Record the clipping value you just got. It gives you a baseline against which to compare system 

performance over time. 

Measurement of the dark noise level 

Dark noise is the noise inherent in the camera’s electronics. Measuring this value gives you another 

baseline value of your system’s performance. Continue with the next steps: 

· Switch the DC illumination off. 

· In Client, press Start. 

· Examine the clipping values of the on-line maps. You will get lower noise in this test, because the 

dark noise should be lower than light noise in your system. If this is not the case call Optical Imaging 
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technical support. Again, you should record these values to provide you with a baseline for later 

comparison. 

Your system is now ready for animal experiments. Optical Imaging on-site training is available to assist 

you in these more demanding imaging experiments. 

Artificial Cortex Test Parameter Settings 

 Data Storage   
  Trials Per Block File 1  
  Block Files Per Experiment 1  
  Base Filename led  
  Experiment ID 0  
  Ensure Unique [any]  
  Warn If Duplicate  [any]  
  X Data Binning 1  
  Y Data Binning 1  
  Auto-rejection Threshold 255  
  Mirroring Path [installation specific]  
 Stimulus Settings   
  Stimulus ID List 0 1 2  
  Randomize Stimulus Order [x]  
  Inter-Stimulus Stimulus Type BLANK  
  Blank Stimulus ID 0  
  Illumination Control [x]  
 Video Timing   
  Appx. Length of Stimulus DAQ 3000  
  Data Frames Per Stimulus 5  
 Experiment Timing   
  Minimum Inter-stimulus Interval 0  
  DAQ Delay After GO Bit Is Set 0  
 Triggers    
  Start Trial Trigger [ ]  
  Stop Trial Trigger [ ]  
  Start Stimulus Trigger [ ]  
  Stop Stimulus Trigger [ ]  
  Sync Resp For Stimulus [ ]  
  Max Wait For Heartbeat 0  
  Max Wait For Respirator 0  
 On-Line Maps   
  Map Definitions: (1)/(0); (2)/(0); (1)/(2)  
  Compute Every N Trials 1  
  Clipping Method MEAN  
  Std. Deviation 3.0  
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  “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 the following 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 on camera in use) 

 

The timing can be upset in cases where third party software installed on the data acquisition 

computer interferes with the grab operation, causing missed frames. If you have added additional software 

to your computer (strongly discouraged—you may void your warranty in such cases), or if you think you 

may have a timing problem for some other reason, you should perform the check outlined here. 

There are two ways to check the timing of an Imager 3001. The easiest is to use the Timing 

Log feature (the Diagnostics menu) in Vdaq server. When you check the Timing Log menu option, Vdaq 

will save a complete list of frame times in a file called timing.log in Vdaq’s installation directory. You 

can examine this file to see if there are any unusual gaps in the timing, which likely indicate a dropped 

frame. 

The other method for checking the timing is to produce a flickering led at a multiple of the 

frame rate, and then examine the pattern of the flickering led in the saved data file. In order to use this 

procedure, an external timing device is required (such as a Master 8 from A.M.P.I, see 

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

to the artificial cortex unit provided by Optical Imaging, Inc. (Alternatively, Optical Imaging can supply 

software to use with a National Instruments 6024 I/O board in a separate computer that can be used to 

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

Additional equipment required 

External timing device: The external timing source should have at least 2 output channels. Set them to 

provide pulses 1 msec in duration. The inter-pulse interval should be 4 full video frames—80 msec for 

CCIR cameras, or 67 msec for RS170 cameras.  The pulse output from the second channel should be 
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delayed relative to the first channel’s output by the duration of one video field (20 or 16.66 msec for 

CCIR and RS170, respectively). Finally, the external timing source should be triggered on the GO bit of 

the Imager. Detailed instructions for programming a Master 8 to function this way are given below. 

 

Oscilloscope: Optional; used to verify the wave form of your timing pulses. 

 

Connecting device:  The connecting device required to interface the artificial cortex to an external timing 

device is not currently available from Optical Imaging Inc, but can be simply constructed according to the 

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 connectors, insert the connectors and secure 

them in place. Use a soldering iron to connect the center pin of one BNC connector to one of the 470 �  

resistors, and from there to pin 1 of the 9 pin D-Type connector. Connect the center pin of the second 

BNC connector to the other 470 �  resistor, and from there to pin 2 of the 9 pin D-type connector. 

Connect the ground plate of each BNC connector to pin 9 of the D-type connector. Close the box. 

Preparing for the test 

The following instructions assume that you are using a Master 8 to provide your external timing signals.  

 

Connect the artificial cortex unit as follows::  

 

· Connect a BNC-BNC RG58 cable from the Imager GO bit to the input of channel 1 on the Master 8 

unit.  

· Connect a BNC-BNC RG58 cable from channel 7 of the Master 8 to the first BNC connector of the 

connecting device.  

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

the connecting device.  
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· Disconnect the cable that usually connects the artificial cortex unit from the Laboratory Interface 

panel and connect it to the D-type connector on the interface box that you made.  

· If you want to keep existing Master 8 settings, first change to an unused program by pressing ALL, 

the program number you want to use (1-8), and ENTER. Next, program the Master 8 unit by pressing 

the following keys.  

 

          TRIG 1 ENTER  

          DURATION 1 1 ENTER 3 ENTER 

          DELAY 1 1 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 1 7 ENTER  

          TRIG 8 ENTER   

          CONNECT 7 8 ENTER 

          DELAY 8 DLY ENTER 3 ENTER  

          DURATION 8 1 ENTER 3 ENTER 

 

· For a CCIR camera, INTRVL should be 80, and for NTSC it should be 67. 

· For a CCIR camera, DLY should be 20, and for RS170 it should be 17. 

· If you connect channels 7 & 8 to an oscilloscope and set the oscilloscope to trigger on the signal 

coming from channel 7, then you should see a train of pulses such as this whenever channel 1 

receives a trigger input: 

 
 

The interval between each pulse from one channel should be 120 or 100 msec, and the offset delay 

between pulses on different channels should be 20 or 16.66 msec, depending on whether you are using 

CCIR or RS170, or they will be customized values if you are using the FastSmart camera. 

 

· Verify that all your connections are as described above, and check that the LEDs are flashing by 

pressing 1 on the Master 8 keyboard.  
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Performing the test  

· Start the Imager system, and launch Vdaq Server 

· Position the artificial cortex unit in the camera’s field of view, and open a Live View dialog 

· Press 8 on the Master 8 keypad and note which segment of the artificial cortex unit is turned on. This 

will be the segment that lights up during the delayed pulse. Pressing 7 will cause two segments to 

light—the additional segment is the segment that lights up during the non-delayed pulse. Record 

which segment is which to help you in interpreting your results later. 

· Set the Live View window to show the color LUT. 

· Press 1 on the Master 8 keypad. The LEDs will flash for a few seconds. While they are flashing, 

change the output voltage knobs of channels 7 and 8 to bring the intensity level of the artificial cortex 

segment to near the level where the camera image is saturated (keep re-pressing 1 when the flashing 

stops, until you’ve got the segment intensity set properly). 

· Run a regular LED test by clicking START using the VSD Client (the default settings are appropriate 

for this test). For this artificial cortex test, don’t illuminate the artificial cortex externally, and don’t 

put an attenuator on top of the artificial cortex unit.  

· Because all the conditions are being triggered from the GO bit, they’ll be identical, and you won’t see 

anything on the on-line maps during data acquisition. This is normal. 

Interpreting test results  

From Client, start the Block View utility. Open the newly created block file, setting the display to show 4 

columns of images, and show condition 0. Here are some of the important features of what you should 

see:  

· The segments of artificial cortex unit should be turning on in different frames. The segment that 

connects to channel 7 of the Master 8 unit should appearing one field (one image) before the one that 

is connected to channel 8 

· The segments should appear regularly, one image in every six, maintaining the same order of their 

appearance. Because the clock of the Master 8 is not synchronized with the clock of the camera, and 

because the camera’s timing values are slightly different than 20 mSec or 16.66 mSec per field, there 

is some drift in time. This will become visible after about 100 frames (CCIR)—the first segment of 

the artificial cortex unit will begin to dim in the frame it has been appearing in, while it will brighten 

in the next frame. The second LED will also begin to shift forward a frame. After several more 

frames, the shift will be complete, and the one-in-six rule will take effect again. Depending on your 

timing device or camera type, the shift may be in the opposite direction, and may occur sooner or 

later during acquisition. 
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· If this is not what you see, save this image and send it to Optical Imaging customer support. A 

deviation from this pattern might mean that for some reason your system is missing frames. In most 

cases, frame misses are caused because some other software, installed on this computer since it has 

arrived from Optical Imaging Inc., is locking out the data bus or processor at critical moments during 

data acquisition. In some cases, fixing this error may require a clean re-installation of the operating 

system. 

 

Typical VSD+ frame timing LED test results (the display output from Block View has been reformatted to 

fit on the page): Conditions for recording were as described above. Throughout most of the recording, 

each LED should light up alone, with a regular 6-field (6 images, 3 video frames) repeat rate. Clipping 

ranges are set image by image, which is why the background’s visibility changes when an LED is lit. Note 

that the gradual one-frame shift seen in the 3th and 4th lines from the bottom is normal, and occurs 

because of time-base differences between the camera and the device that controls the illumination of the 

LEDs. 



 

16 

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 Vdaq-related procedures involved in running an experiment. It assumes 

that Vdaq has been properly configured and tested using an artificial cortex, and that the animal subject 

has already been properly prepared for imaging.  

It is important to emphasize that you should always check out the proper functioning of the 

system before beginning your animal preparation, especially if you have made modifications to your 

experimental setup since the last experiment.  

 For your first experiment, you should try experimental conditions which have already been 

described in the literature, and which provide large signals. Cat orientation columns, monkey ocular 

dominance columns, and rat whisker barrels are all good examples of structures which are routinely well-

revealed by intrinsic signals. In vivo voltage sensitive dye signals are generally well revealed by stimuli 

that also produce strong intrinsic signals, although the time-course will naturally be quite different. Select 

the optimal stimulus parameters as described in the relevant publications. The example used in this topic 

is that of imaging cat orientation column intrinsic signals.  

Procedure 

· Turn the Imager on. This will also turn on the camera. 

· Turn on the computers. Launch Server and client on the DAQ machine. 

· In Vdaq Server, start the Camera Setup Dialog. The live reference image will be displayed in a 

window on the computer screen.  

· Focus the macroscope on the exposed cortex in the imaging chamber. You’ll need at least some dim 

light in order to see the cortex, but don’t worry about making the illumination perfect before you 

focus. Use DC light, not AC; AC light causes very large artifacts in the differential imaging signal. 

· Under green illumination (540 nm), set the illumination so that the camera puts out an evenly bright, 

near-saturated image.  
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· Start the ROI/SuperPixel dialog which lets you set the ROI and SuperPixel regions for your 

experimental session. 

· Verify that the preparation is stable, and take steps to correct any large vibrations/motions which you 

note. A few hints on this are contained in this manual; see the section entitled Checking the 

Mechanical Stability of the Preparation. 

· Use the Illumination radio buttons to verify that Vdaq has control over the illumination shutter. 

· Capture a green image. 

· Switch the illumination to orange/red (e.g., 605 nm). For voltage sensitive dye imaging, you will need 

to use illumination wavelengths appropriate for your particular dye, as well as barrier filters in front 

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

· Once again, focus the macroscope, but this time focus 200-400 micrometers below the surface of the 

cortex. There is already a difference in focal plane due to the change of the filter (wavelength), which 

should be kept in mind. The difference can be measured by focusing on a black cross using each 

filter, and measuring the change in focus that is required when switching between them. 

· Reset the illumination level to be near saturation again. 

· Use the StimID control to manually verify that your stimulator is responding to the stimulus bits as 

expected.  

· Verify that the animal’s other interfaces with the imaging setup are set up properly--including the 

heart-rate monitor and the respirator (use the Calibration:Respirator check in Server). You should also 

have verified this shortly before beginning your animal preparation. 

· Make sure that the animal is receiving the stimulus properly, as appropriate for your particular 

experimental paradigm (e.g.., make sure that the animal has a focused view of the stimulus display) .  

· Close the Camera Setup Dialog (but leave Server running!) and switch to Vdaq Client. You must 

close this dialog before Vdaq Server will let Client take control of data acquisition. 

· In Vdaq Client load/enter a parameter file appropriate for performing your experiment. The sample 

parameter settings list given in this section was designed for an orientation column experiment, where 

0 causes a blank stimulus to be displayed, and each subsequent pair of stimulus IDs (e.g. 1 and 2, 3 

and 4) denote orthogonal full-screen moving grating stimuli. In the Client main window, press the 

Start button. 

· After one trial, select the Maps… command to show the on-line analysis images. 

· In the online maps, a modulation of 0.1% should be visible after 1 trial, if the animal is in good 

condition for imaging. Note the clip range for the online maps. If the preparation is stable, this 

approaches a value of about 2 parts in 1000 (you may need to average for a while to reach this value).  
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· You can also specify a SuperPixel Time Course region so you can view the time course of the signals. 

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

indicates good physiological condition. 

Sample Experiment Parameter Settings 

 Data Storage  
  4 Trials Per Block File 
  16 Block Files Per Experiment 
  cat1 Base Filename 
  0 Experiment ID 
  [any] Ensure Unique 
  [any] Warn If Duplicate  
  1 X Data Binning 
  1 Y Data Binning 
  99% Auto-rejection Threshold 
  [installation specific] Mirroring Path 
 Stimulus Settings  
  0 1 2 3 4 5 6 7 8 Stimulus ID List 
  [x] Randomize Stimulus Order 
  NEXT Inter-Stimulus Stimulus Type 
  0 Blank Stimulus ID 
  [x] Illumination Control 
 Video Timing  
  3000 Appx. Length of Stimulus DAQ 
  8 Data Frames Per Stimulus 
 Experiment Timing  
  8000 Minimum Inter-stimulus Interval 
  0 DAQ Delay After GO Bit Is Set 
 Triggers  
  [ ] Start Trial Trigger 
  [ ] Stop Trial Trigger 
  [ ] Start Stimulus Trigger 
  [ ] Stop Stimulus Trigger 
  [ ] Sync Resp For Ref Image 
  [x] Sync Resp For Stimulus 
  2000 Max Wait For Heartbeat 
  4000 Max Wait For Respirator 
 On-Line Maps  
  (1+3+5+7)/(2+4+6+8);  Map Definitions: 
  (1+3)/(2+4); (5+7)/(6+8)  
  1 Compute Every N Trials 
  MEAN Clipping Method 
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  3.0 Std. Deviation 
  [ ] “Frame Zero” Subtraction 
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Setting the Illumination 

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 the camera’s field of view properly. Three considerations 

are important in setting the illumination: first, the camera should be near saturation, to get the full 

dynamic range of the camera into play. Second the camera must not actually be saturated: every pixel 

must be below its maximum, or else the image will be clipped, and the data acquired will be invalid. 

Third, the illumination must be as even as possible. If the illumination is too uneven, the signal-to-noise 

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

 

Procedure 

· First, using room light or the light guides for illumination, focus the camera on the field of view. 

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

· In Server, start the Camera Setup dialog 

· If necessary, press the Histogram button to display a live histogram. 

· Map the live image to a color LUT by selecting the SAT.LUT lookup table.  

· The reference image will now be displayed in the 16 colors of the SAT.LUT spread out over all 

possible pixel values. You can select a custom LUT if you prefer, but the following steps assume you 

are using the SAT.LUT color table supplied with Vdaq. 

· Turn the room illumination off to avoid stray light interference. 

· If Vdaq is controlling the illumination, use the Illumination button (on older systems, the Settings 

menu Illumination On command) to open the illumination shutter. 

· If you are using voltage sensitive dyes to image, you may want to do your illumination setup under 

low light; then raise it at the end (rather than as suggested below) to reduce bleaching and 

photodynamic damage. 

· Roughly adjust the overall illumination level using the voltage control knob on the illumination 

power supply, so that the image is as bright as it can be without being saturated. Be very careful not 
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to exceed the voltage limit of the light bulb, which is usually 12V. On the SAT.LUT, a pale green is 

used to show the upper few pixel values, so any large pale green spot indicates a saturation condition. 

Alternatively, use the histogram display to adjust the illumination to near saturation. 

· Note that illumination may vary slightly over the course of an experimental session, due to changes in 

the target tissue, such as movement due to heartbeat or respiration, or movement of the camera or 

table. Therefore, setting the light level to the absolute maximum possible is not recommended. Also 

be careful to avoid bleaching of the cortex when using dyes. For safety’s sake, it is standard practice 

to adjust the illumination so that no or only a few white spots (white occupies the pixel values just 

below saturation) occur in the image. Any white dots you see should be surrounded by red-coded 

pixels. 

· Finally, work to maximize the uniformity of the illumination. Position the light guides so that the live 

image contains a minimal number of colors in the region of interest. There are a few helpful hints 

available for positioning the illuminators in the next section. 

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

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

Hints on Setting The Illumination 

Here are a few hints that may be helpful when adjusting illumination of the camera’s field of view before 

beginning to image. 

 

Procedure: 

· Concentrate on maximizing intensity and evenness of illumination for the experimental region of 

greatest interest. But do not in any case allow a region to become saturated, even if it is outside your 

region of experimental interest. 
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· You will need to adjust the voltage to the illumination bulb downward as the light guides are moved 

closer or more orthogonal to the preparation (to avoid saturation), or upward as they are moved 

further from or more oblique to the preparation (to bring the image closer to full illumination). 

· Take care to watch for shadows introduced by the sides of the chamber.  

· Highlights reflected off the chamber’s cover can be introduced when the light guide shines onto the 

preparation from the same angle relative to the cover as the camera has. Change the angle of the light 

guide, or, as a last resort, the angle of the camera itself. Take care to arrange your lighting to avoid 

small bright spots; these can interfere with data acquisition, clipping, and analysis. 

· If you use a split light guide with two lenses, make sure that the focusing lenses and guide branch 

positions are adjusted in such a way that each contributes approximately 50% to the illumination of 

the image. Mask each of the light guides separately and view the reference image display. If one light 

guide provides only dim illumination, then it is not effective in compensating for uneven illumination 

provided by the other. 

· If you find the illumination is extremely dim in the camera view, it’s possible that the lens f-stop 

setting is too high. Lower the f-stop setting to let more light into the camera (this could alter the focus 

of the camera). 

· Note that you should not expect perfectly even illumination; 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 the live image. 

· Adjust the camera’s position so that it is pointed at the preparation, and at the proper distance for a 

good focus. To get a maximum-sized region in focus, remember to choose the camera’s angle to be 

perpendicular to the preparation. Keep in mind that you’ll need to fit the light guides near the 

preparation as well. 

· The definition of “good focus” depends on what you are doing at the moment. For a green image, 

you’ll want to focus directly on the blood vessels to get a clear picture of the landmarks in your ROI. 

For differential imaging, you will want to focus slightly deeper than the surface of the cortex (200-

400 micrometers). This will help reduce artifacts due to blood vessels in your data images by blurring 

them.  

· Remember that the f-stop setting of the macro lens will affect your depth of field (higher f-stop gives 

larger depth of field). This may help in getting a uniform focus, but could reduce the light the camera 

lens gathers below the levels needed for good differential imaging, and may also increase the 

contribution of blood vessel artifacts to your images. Generally, you only increase the f-stop when 

taking a green-illumination image. If you change the f-stop after focusing (i.e., while adjusting the 

illumination) you may need to refocus.  
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Acquiring a Green-Illumination 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 practice to take a static reference image of the area to be 

functionally imaged using green illumination. Under illumination by a green light, the pattern of blood 

vessels in the cortex stands out clearly, due to the high absorption of hemoglobin at this wavelength. This 

can serve to provide important landmarks both during acquisition and analysis. For example, you can set 

the on-line map displays in Client to show your green-illumination image 

 

Procedure: 

· Switch your illumination wavelength to green by changing the filter in your illumination pathway. 

· If necessary, refocus the camera to show the blood vessels clearly. 

· From within the Camera Setup dialog, display a live camera image. 

· Press the Save… button, and you will be prompted for a filename to save the current view in the 

Reference Image display area under. 

· Don’t forget to return your illumination back to your long-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 experiment will tend to degrade data quality. Two major 

sources of this are brain motions due to the animal subject’s respiration and heartbeat. Poor vibration 

isolation can also introduce noise. Vdaq has an optional, built-in capacity to synchronize the respirator 

with the heartbeat, and then synchronize data acquisition with both of these. To the extent that heartbeat 

and respiration motions are reproducible, this eliminates their effects on differential images. However, 

they are not perfectly reproducible, so it is always best to reduce motion of the brain as much as possible 

before beginning differential imaging. 

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

preparation, and give some general suggestions for corrective measures. 

Procedure: 

· You’ll get the best impression of how motion artifacts will affect your data by setting the illumination 

wavelength, illumination intensity, and camera focus the same as you will use during data acquisition. 

On the other hand, examining preparation motion under green illumination will show the motion 

artifacts most clearly. 

· Use the Camera Setup dialog to display a live differential image  

· Check the differential image for unacceptably large motion of the preparation (more than a very small 

number of pixels, or irregular motion). Dark and light spots may also reveal slow movements in your 

preparation which have occurred since you took the reference image. If you note such motion, take 

steps to correct it as noted below. 

· A poor seal on the imaging chamber will permit large motion artifacts. Be certain that the seal is 

fluid-tight, and that no air pockets are trapped inside. Leaks may occur underneath the chamber, as 

well as from the top, depending on the procedure used to 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 changing the position of the animal’s heart relative to the 

brain. Be very careful if you attempt this! Restriction of blood flow by compressing blood vessels in 

the neck is not recommended as a method for reducing pulsation. 

· Fast, jittery movements unrelated to the animal’s heartbeat or respiration indicate instability due to 

poor vibration isolation. Check to make certain that the camera is securely attached to its mount. 

Check to make sure that the vibration isolation table is functioning properly. Verify that no loose 

cables (especially camera or illumination cables) are the source of the problem. 

· Jump on the floor near the table to see if the vibration is translated into jittering in the differential 

image. If it is, this is another indication of poor vibration 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 .LUT file, and how to create your own .LUT files. 

 

Procedure: 

Color tables in Vdaq are defined as spreadsheet-style text files with the .LUT extension. The first column 

of 256 values defines the red channel; the next column defines the green channel, and the third defines the 

blue channel. The first line of the file defines the displayed value for dark (0) while the 256th line defines 

the displayed value for bright image values.  LUT values can range from 0 to 255—value 0 is gray level 0 

(black), value 255 is gray level 255 (white). 

If you create your own color table using a spreadsheet program, save it in .TXT format, 

specifying tab column separation and carriage return row separation (often the default) then modify the 

file’s extension to .LUT. 

If you use a text editing program, put three values per line (red, green, blue), each separated 

by a tab, and end each line with a carriage return. Save as a .TXT file and then modify the extension to 

.LUT. 

Note that all color lookup tables use 256 entries, specifying 256 brightness levels, as 

described above. This is true even though Imager 3001 video systems use 10-bit digitization (1024 

intensity levels) and the Imager 3001 FastCamera systems use 12 bit digitization (4096 intensity levels). 

The color tables are only for display purposes, and reflect the limitations of the display hardware. 

Collected data is stored at its full resolution, unlike displayed data, 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 problems that you may encounter when using Vdaq. The 

focus of this list is on technical problems involving the hardware/software of the Imager system; it is not 

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

 

Problem:  

Signals begin to show up during data acquisition, but do not improve with averaging—or even disappear. 

Solution: 

This kind of problem is often rooted in the biology, not the hardware. Nevertheless, a hardware source of 

the problem is possible. To distinguish between these two possibilities, you should immediately perform 

an artificial cortex (LED) test. If the signal to noise of the data acquired during a LED test increases with 

increasing trial number, and if the illuminated noise is significantly larger than the dark noise (see the 

procedure description for an artificial cortex test), then your system is performing normally. If not, or if 

you are uncertain how to interpret the results of your artificial cortex test, contact Optical Imaging 

technical support for assistance. 

 

Problem:  

Vdaq Server begins to initialize, then complains about the data or connect directory and exits. 

Solution: 

Open the Vdaq Registry Utility and make certain that the Connect and Data directories are both set to 

paths that actually exist on the data acquisition machine. Also remember that under Windows NT, 

network directory mappings that are automatically made for some user logons may not be made for 

others, depending on each user’s individual settings. It is best if each user maps his/her connect directory 

to the same drive letter. 

 

Problem:  
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Vdaq Server begins to initialize, then complains about being unable to initialize or open various imaging 

resources 

Solution: 

It’s possible that Laboratory Interface panel is not turned on. Alternatively, it’s possible that there are 

improper registry settings describing your system’s hardware resources. Use the Vdaq Registry Utility to 

accurately specify the hardware available in the local installation  

 

Problem: 

Differential image has faint, periodic, scrolling diagonal lines running across it. (Applies to Imager 

3001/V systems.) 

Solution: 

This is usually related to 50- or 60-Hz line noise interference with the camera’s output signal. A nearby 

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

cables are running along or near the video cable of the Imager. Turn off other equipment in the room, and 

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

introduces noise, try moving it away from the Imager, or try moving the video cable away from the 

equipment. In some cases, simply rotating a noise-emitting monitor will also reduce interference.  

Finally, make sure that the data acquisition PC and the Lab Interface panel are both 

connected to the same AC outlet.  

 

Problem: 

Vdaq drops frames during data acquisition (see the topic Verifying the Time Resolution of the Imager to 

learn how to check this).  

Solution: 

Frame dropping can occur when processes besides Vdaq running on your data acquisition computer 

interrupt the CPU at critical moments. In particular, GateKeeper (a modem sharing software package), 

Novell network client software, Norton AntiVirus, and Adaptec DirectCD are all known to cause such 

problems. You should refrain from installing any hardware or software on your DAQ machine that may 

run in the background and cause Vdaq to lose control of the CPU during data acquisition. Doing so may 

void your warranty. 

Network access to the DAQ computer during frame grabs may also cause frame drops. Try 

disconnecting the DAQ computer from the network and see if the problem goes away. If it does, 

reconnect, then see if you can find which other computer is creating the access requests, and shut it down. 

As a last resort, you may need to create an isolated LAN, either by physically isolating Vdaq computers 
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on a hub, or by installing an network bridge (discuss this with your local IS department before 

proceeding!).  

 

You are encouraged to contact Optical Imaging with reports 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 communicating the current stimulus ID to an external stimulus 

generator. By convention, bits 0-4 are the “real” stimulus ID bits, bits 5 and 6 control the position of eye 

shutters, and bit 7 is the Go bit. Users with special requirements can use these bits in other combinations. 

 

Details: 

Many users will be familiar with binary coding of integers: just as the decimal system represents integers 

as sums of powers of ten, the binary system represents them as sums of powers of two. Thus, the binary 

number 1111 1111 is equal to 128 + 64 + 32 + 16 + 8 + 4 + 2 + 1 = 255. Instead of ten digits, a binary 

representation of a number has just two: one and zero. In modern digital computers, the convention is that 

a binary one is represented by an “on” state, and a binary zero is represented by an “off” state. This is the 

same convention used by Vdaq in specifying stimulus IDs—a high voltage on a TTL line is “on” (or 1), 

and a low voltage is “off” (or 0). 

The Imager uses 8 digital I/O lines to specify the stimulus. According to the imaging 

conventions for which the Imager was designed, they are divided into three groups: bits 0-4, bits 5 and 6, 

and bit 7. 

Bits 0 through 4 are typically routed directly to a stimulus generator. Because the binary 

number 11111 (five bits, all turned on) is equal to the decimal number 31, this means that in a 

conventional configuration, Vdaq can send the stimulus generator any number from 0-31. The stimulus 

generator in turn must be able to interpret the number it receives from Vdaq and produce the appropriate 

stimulus. Vdaq has no control over the nature of the stimulus that is assigned to these 32 different values; 

this must be pre-arranged by the user when the stimulus generator is configured.  

The next two bits, 5 and 6, correspond by convention to the left and right eye shutters. Any 

number from 32-63 has bit 5 turned on, meaning the left shutter is activated, and any number from 64-95 

has bit 6 turned on, meaning the right shutter is activated. Note that for corresponding Stimulus IDs in the 

range 0-31, 32-63, and 64-95, bits 0-4 are all in the same 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 conventional, Vdaq does not require it. Users 

who desire a larger range of different stimuli, but do not need eye shutters for their experiments, could, in 

principle, re-route stimulus bits 5 and 6 to their stimulus generator, allowing up to 128 different stimuli to 

be selected. Alternatively, these two bits (or any of bits 0-4, for that matter) could be diverted to any other 

stimulus-related use which is required for the experiment.  

 Bit 7, or the Go bit, has a special significance for Vdaq. This is for the following reasons: 

some stimulus generators require a certain amount of set-up time before they are ready to display a 

stimulus. In other cases it is desirable to have a particular “preparation” stimulus showing before the 

proper stimulus is displayed. The Go bit is used to achieve both of these ends. 

 If the current stimulus is, for example, 1, Vdaq will first put out the binary value 0000 0001. 

The stimulus generator receives a 1, and may now prepare itself to generate the corresponding stimulus. 

But it should not actually activate the stimulus until Vdaq sets the Go bit to true. The go bit is the trigger, 

and Vdaq’s data acquisition is synchronized to the moment at which this bit is turned on. Because signals 

have a definite rise and fall time after stimulus presentation, it is important to configure your stimulus 

generator so that it is triggered by the Go bit turning on. Otherwise, data acquisition will not occur at a 

defined time after stimulation begins, and you will miss recording the signals you are interested in.  

Note that Vdaq does not prevent you from defining stimulus IDs which have the Go bit 

permanently set. However, if you define a stimulus ID to be between 128 and 255, then Vdaq will have 

no way of conveying a clear trigger to the stimulus generator, and data acquisition will not be properly 

synchronized to the stimulus. You might intentionally set a stimulus ID greater than 127 when you are 

testing the response of the stimulus generator to various stimulus IDs, from within one of the Camera 

Setup dialogs. This gives a manual trigger of the stimulus generator, which you can use to verify that it 

has been properly interfaced with the Imager system.  



 

33 

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 reduce the time required for its analysis later on, Vdaq combines 

the pixels of individual video frames at several points along the data acquisition sequence. Compression 

occurs as video frames are collected into data frames, as the pixels of data frames are binned into 2x2 or 

3x3 groups, and finally, as data frames from stimuli occurring over many trials are collected on disk into a 

single block file. All of this is under your control when running an experiment using the parameter pages 

of the Vdaq Client program. 

Details 

 

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

 

After you press the Start button on the main window of Vdaq Client, Vdaq Server goes 

through some initialization tasks, and then begins to acquire data for the first trial of the first block file.  
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Next, Vdaq acquires individual video frames for the first stimulus period of the block file’s 

first trial (top middle foreground of diagram). The number of video frames grabbed is determined by the 

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 Per Stimulus data frames (middle foreground of diagram). 

The number of video frames grabbed is always calculated so that the same number of video frames go 

into each individual data frame. Finally, the data frames are binned as specified in Vdaq Client, and saved 

to disk. The data acquired for the first stimulus in the Stimulus ID List are always placed first in the block 

file, even if the order of stimulus presentation itself is randomized. 

Data for subsequent stimulus periods of the first trial are treated similarly. They are saved in 

Stimulus ID List order in the block file, one after the other. 

Subsequent stimulus data is also added to previously acquired stimulus data, creating an 

accumulated block file. 

After the data from Trials Per Block File trials has been saved into a single block file, Vdaq 

will start a new block file beginning with the next trial, and the process of accumulation begins again.  

For more detailed information on the file format used to save data, see The Optical Imaging 

Block File Header in this document. 

Data Format 

Data frames are digitized in 10-bit (Imager 3001/V video camera model) or 12-bit (Imager 3001/F 

FastSmart camera model) resolution and then accumulated and stored in block files. Imager 3001 block 

files created by Vdaq contain either 16-bit unsigned integer pixels, or 32-bit integer pixels, depending on 

how much accumulation was performed on the original image data. After processing with Block Convert 

the pixels will have contain either 32-bit floating point format pixels or 32-bit integer pixels, depending 

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

Applies to: 

Imager 3001/V Video: YES  (BioSync Circuit is in the Lab Interface Panel) 

Imager 3001/F FastSmart: YES 

Imager 3001/M 1M60P: YES 

 

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

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

Details 

In the on-line map displays created by Vdaq, the clipping range is set to be +/- a user-defined multiple of 

the standard deviation of the distribution of pixels in the map image. The color values 0 to 255 are 

mapped to this clipping range when the on-line analysis image is displayed. Values in the image that fall 

outside of the clipping range are truncated to be displayed either as color value 0 or color value 255. As 

more trials are averaged together, the size of the clipping range will shrink, as averaging reduces the noise 

in the image. With averaging, the clipping range asymptotically approaches a value determined by the 

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

 The above graph shows a theoretical example of how a clipping range reduces with 

increased number of trials. In this case, the signal was chosen to be a 0.1% sinusoidal wave, and the 

clipping value was set to be equal to +/- 2 times the standard deviation. A blank with no fixed signal in it 
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was used to create the ratio image of “signal” divided by “blank”. With no noise in the images, the 

clipping range in this situation would always be equal to 0.2%, as indicated by the dotted horizontal line.  

 Two types of noise were added to the images. Dark noise is the noise of the camera’s output 

when no illumination is present. It is intrinsic to the camera’s design and operating conditions, and 

independent of the scene being viewed. In this example, it was arbitrarily set to be equal to 0.1% of the 

camera’s full output. The second kind of noise is shot noise, which increases as the square root of the 

illumination. Thus, there is no shot noise in dark conditions, and it is maximal at maximum illumination. 

Keep in mind, however that the fractional size of the shot noise relative to overall illumination decreases 

with increasing illumination—since it increases as a fractional power of the illumination itself. Thus, 

clipping values are bigger in the dark than in the light. In this example, shot noise was set to be equal to 

0.3% of the camera’s output at saturation.  

 With the addition of this noise, the clipping range for a one-trial on-line map image is 

increased from 0.2% to almost 1.0%. With increasing numbers of trials, the clipping range drops 

asymptotically, reaching about 0.25% by trial 50. Ideally, the clipping range approaches its asymptote as 

a function of the square root of the number of trials. 

 The actual clipping range values you obtain during experiments will vary from the example 

given here. The important thing to remember is that the clipping ranges you get during an experiment 

should decrease from an initial maximum seen after one trial, asymptotically approaching a value which 

is determined by the amplitude of the fixed features in your images.  
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Section II  Interfacing Vdaq 
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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 Vdaq, there is a set of features that provide extraordinary flexibility in 

working with awake behaving animals.  

· One challenge in recording data from behaving animals is that they don’t always perform 

perfectly, which makes it imperative to be able to discard data from misbehaved events.  

· Another consideration is that it’s often important to record additional information during a single 

condition, such as eye position, heartbeat and respiration, time of button presses, and so on. 

· In working with behaving animals, it’s usually easiest to employ software designed to make it 

easy to train and manage the animal behaviors. One of the most commonly used programs for this 

purpose is Cortex from the NIH. Various other solutions are also available. When such a program 

is used, it generally needs to run on one computer, while Vdaq runs on a second computer, 

connected by parallel I/O signals. 

 

Vdaq 2.3 contains various new features that meet these needs: 

· Single condition block files that facilitate discarding data when trials don’t go according to plan. 

Single condition block files also make it much easier for Vdaq to work with externally supplied 

stimulus numbers. 

· A new way of naming files that makes it easier to have single condition block files. 

· Daq Protocols that let you specify what signals are used in advance of data acquisition. This 

includes a start stimulus trigger that allows data acquisition to be started on demand. Daq 

Protocols are described in a chapter of the Vdaq Users manual. 

· The Adaq (Analog Data AcQusition) system for recording physiological and behavioral analog 

waveforms. Adaq is an extra cost option to Vdaq, and users who have purchased it will have 

additional information in their Adaq User Manual. 
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· External Stimulus number input, so that a behavior program such as Cortex and provide stimulus 

ID numbers. (Traditionally, Vdaq has provided the stimulus numbers, which have been acted on 

externally by a stimulator.) 

· A way to abort data acquisition, and also a way to terminate data acquisition early, while keeping 

the already collected data. 

What Vdaq does not have is an Awake Behaving “mode” that you can enable in order to perform such 

experiments. Instead you have to determine exactly what mix of features you need, and then you need to 

enable them individually. This is somewhat more work, with the benefit of much more flexibility. 

AWB Issues 

You need to settle the following issues when you are planning to use Vdaq with a behaving animal: 

· What program is in charge? Traditionally, Vdaq has been the boss, but in behaving animal 

experiments it’s usually preferable to have the behaving animal software be in charge. 

· What program generates the “Go” signal that starts each data acquisition event? Often, it’s best 

for Vdaq to start data acquisition, paying attention to heartbeat and respiration. Alternately, the 

behaving animal software can control the timing, with Vdaq waiting only for the start stimulus 

signal. Either way, the details are managed using the Daq Protocols feature of Vdaq, described in 

the Vdaq Software User’s manual. 

o When you use an external Start Stimulus Trigger, note that the external program may not 

assert it (a transition from low to high) until Vdaq has asserted the Stimulus Trigger 

ready bit. And once asserted, the Start Stimulus signal must remain high until Vdaq 

lowers the Stimulus Trigger Ready bit, to signal it’s acceptance of the start trigger. 

o Note that the stimulus abort and terminate features are managed using the Start Stimulus 

trigger bit. If you are using these features, once you assert the Start Stimulus Trigger bit, 

it must be held high until either a) you want to abort or terminate or b) the end of the 

stimulus. 

· What program generates the stimulus number that applies to each episode of data acquisition? 

Traditionally, this has been Vdaq’s prerogative, but when a behaving animal program is being 

used, it will often be the more logical source of the stimulus number.  

o When Vdaq generates the stimulus numbers, you must list the set of numbers in the 

Stimulus Numbers edit control, and specify whether Vdaq will produce them in order or 

pseudo-randomly. 

o When Vdaq inputs external stimulus numbers, you must specify whether Vdaq reads 

them at the start or at the conclusion of each stimulus’ data acquisition. In addition, you 

should list the expected stimulus numbers in the Stimulus Numbers edit control, because 
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only the expected numbers are available for online maps display, or for superpixel 

graphs.  

Note that it is not an error for an external stimulus number to not be in the list, but that 

such a stimulus won’t be part of Vdaq’s online feedback. 

Note that when Vdaq uses external stimulus numbers, that there are no “trials.” 

Note that there are only 4 stim input bits on the front of the lab interface panel, but there 

are 8 available on the rear connector. To enable 8 stim input bits, you must make the 

appropriate setting on the Lab Interface page of Vdaq Reg. See the Laboratory Interface 

manual for more information on the rear panel connectors. 

· What amount of data should be stored in each block file? Vdaq offers two possibilities: a single 

stimululs  (also called a condition) or a full set of conditions, known as a trial. In addition, 

multiple sets of summed trials can be stored in a single block file. If you want to store trials (or 

summed trials) in a single block file, you need to ensure that each set of trials includes every 

condition exactly once. This is easy when Vdaq is running the experiment and generating 

stimulus number, but when stimulus numbers are generated externally, Vdaq has to assume that 

the number and kind can vary, hence it becomes much easier to store each condition’s data in a 

separate data file. This can lead to many data files, which can increase the difficulty of later 

analysis, but it provides the required flexibility. So in most behaving animal work, data is stored 

in single condition block files. 

· How to handle problems. When animals misbehave or other problems arise, it may be preferable 

to abort data acquisition, regroup, and start a new stimulus. Vdaq uses the Stimulus Trigger signal 

to abort data acquisition, or to terminate daq prematurely, but still save the already acquired data. 

The controls to manage this facility are on the Experiment Timing page of Vdaq Client. The 

following possibilities are available: 

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

high to low transition on the Stimulus trigger input during data acquisition will abort data 

acquisition. Note that you can use this option with an external start stimulus trigger, or 

without one. The only requirement is that if this option is being used, that you externally 

maintain the stimulus trigger input at a high level during daq, unless you want to cause an 

abort. Using this option precludes any other handling of stimulus terminate or abort. 

o Terminate on Stimulus Trigger H/L anytime during data acquisition. This option is 

similar to the previous, except that instead of aborting data acquisition, a stimulus trigger 

high to low transition anytime during data acquisition will terminate data collection at the 

end of the current data frame. Already acquired data frames will be saved, and then blank 

frames will be saved for the remaining (uncollected) frames. 
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o Abort on Stimulus Trigger H/L before Abort frame, and Terminate on Stimulus Trigger 

H/L after Abort frame. These two options let you abort a stimulus when a problem occurs 

before a predetermined time, or simply terminate data collection if you lower stim trigger 

after that point. In both cases, you can specify the action through a high to low transition 

on the start stimulus trigger signal during data acquisition. These two options can be used 

separately, but are often used together. 

· What program records physiology signals and behavioral signals?  

o One option is for the behaving animal program to record most analog waveforms. This 

can work well because it sometimes needs the information in order to respond to the 

circumstances.  

o Another option is to use a separate computer hardware/software system to record these 

signals. The disadvantage is the lack of integration, and the need for yet another computer 

system.  

o A third possibility is to use the Adaq component of Vdaq to record this information 

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

signals?  

o You should probably record the Frame Toggle output of Vdaq, which will provide an 

exact timing reference of when camera frames are being collected.  

�� For the Imager 3001/V and Imager 3001/M the frame toggle signal reverses 

polarity every data frame.  

�� For the Imager 3001/F system, the frame toggle signal reverses polarity each data 

frame, except that it reverses itself only after each batch of frames for the 

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

respectively. 

o If you are using the stimulus terminate feature, you might want to record the Start Stim 

trigger, which doubles as the stimulus error signal, so that you can see at what point a 

stimulus was terminated. 

Control Connections 

The connection between Vdaq and external laboratory devices (behavioral control computer, respirator, 

heart rate monitor, stimulator) is by parallel TTL logic signals. We have found that they are easy to hook 

up, and easy to troubleshoot using the lights on the front panel of the Laboratory Interface Panel. Most 

problems can be solved simply by looking at the leds and figuring out what is wrong. Also note that all of 

these signals are also available on the back of the Laboratory Interface Panel in D style connectors. Using 
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these connectors requires a little more effort initially because you need to make the necessary custom 

cables, but once made they are reliable and convenient, and 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 sequences of events during data acquisition in 

Vdaq. Figure 1 shows the sequence of events when collecting a trial (a trial consists of performing each 

stimuli once), while Figure 2 shows the sequence of events for each stimulus. Event flow is from top to 

bottom in these charts. When steps are conditional or have other variations, there are notes on the right 

side providing more information. 

Wait for external Trial trigger

Stimulus Sequence

Set intertrial stimulus (blank)

Update on-line map images

Update SuperPixel Chart

if: Start Trial Trigger = TRUE

loop for: each stimulus in

if: this trial index is evenly

E
xt. T

rial

S
tim

ulus

Trial Sequence

            Stimulus ID List

   divisible by Compute Every N Trials

T
rigger

O
utput

Figure 1 – Trial Sequence 
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Acquire images into data frame

Post-Daq Protocol

G
o B

it

Data rejection check

Set BLANK/NEXT stimulus

Write stimulus data to block file

Update on-line map buffers

Update SuperPixel buffers

Pre-Daq Protocol

Only if not set in Pre-Daq ProtocolSet stimulus and GO bits

loop for: Data Frames Per Stimulus

if: Auto Rejection Threshold  < 100

Pause for: Minimum Inter-stimulus

jump if: data is rejected

Stimulus SequenceS
tim

ulus

Pause

O
utput

interval

Figure 2 – Stimulus Sequence 

Note that much of the detail of each stimuli is encapsulated in the Pre- and Post-Daq 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 

 

Vdaq has the ability to respond to two external triggers: 

· The Stimulus Trigger is used by an external source to start the acquisition of an individual 

stimulus. 

o It must not be asserted (set high) until Vdaq asserts the Stim Ready bit. 

o It must be held high at least until the Stim Ready bit is lowered, which typically takes a 

less than a millisecond. 

o The stimulus trigger is enabled and disabled in a Stimulus Protocol. In order for the 

stimulus trigger to be recognized, you must be using a Stimulus Protocol that waits for 

the stimulus trigger. See the description of Stimulus Protocols in the Vdaq Software 

Manual. 

o If you are using the Stimulus Abort or Stimulus Terminate feature, you can lower the 

Stimulus Trigger during DAQ to signal the Abort or Termination. 

· The Trial Trigger  is used by an external source to start the acquisition of a trial, which is a 

sequence of stimuli. 

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

o It must be held high at least until the Trial Ready bit is lowered. 

o The trial trigger is enabled on the Triggers page of Vdaq Client. 

o Trial triggers are only relevant when Vdaq is generating the stimulus numbers. When 

external stimulus input is used, there is no “trial” because the stimulus sequence is under 

external control. 

All of the signals on the Laboratory Interface (including the Stim Trig Ready output, the Stim Trigger 

input, the Trial Trig Ready output, and the Trial Trigger input) are TTL level signals. For reliable 

operation, you must pay close attention to grounding and cabling. 

· Best results are contingent on the external device and the Laboratory PC in the same 19” rack. 

This assures that both devices are using the same ground reference. 

· Both devices should be plugged into the same power circuit. 
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· Cables should be short, two to three feet works well; six foot and longer cables are much more 

subject to problems. 

· All signals are TTL levels. Typically this means logic low is about 100 – 200 mv., while logic 

high is approximately 2.5 – 5 volts. 

· See the Laboratory Interface hardware manual for more information on signal interfacing. 

The following diagram shows the handshaking protocol of the stimulus trigger. The trial trigger follows 

the same protocol. 

 

 

 

 

 

 

 

 

 

 

When the Stim Trigger signal is used to Abort or Terminate data acquisition, Stim Trigger is raised (once 

Stim Trig Ready is high) to initiate data acquisition, and then it is lowered either during daq (to Abort or 

Terminate the daq), or it is lowered immediately following daq for a full daq sequence. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Stim Trig Ready 
Vdaq Output 

Stim Trigger 
Vdaq Input 

Vdaq 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. 

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

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

Stim Trig Ready 
Vdaq Output 

Stim Trigger 
Vdaq Input 

Vdaq 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. 

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, the Control PC 
can lower Stim Trigger during data acquisition to Abort or Terminate data 
acquisition. 

GO Bit 
Vdaq Output 

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 many pieces of equipment that have to work together 

for the desired result. In addition to control issues, there are timing issues. Frame toggle is the most 

important signal generated by Vdaq that helps other instruments sense or record vdaq’s timing. 

 The intent of frame toggle is to provide a signal that reverses its sense at the end of every 

data frame. In intrinsic imaging experiments, several camera frames are typically summed into each data 

frame, while in most VSD experiments there is usually only one camera frame per data frame, which 

means that camera and data frames are equivalent. 

 

 

 

 

The first frame shown in frame toggle is typically longer than the subsequent ones, because 

it takes a while for the data acquisition to start. This extra time is typically one or two camera frame 

durations. 

 Ideally the subsequent Frame Toggle waveform would be a square wave. This is rarely the 

case, at least if you look closely, because there is always some variance in timing in a multitasking 

computer. But the variance in Frame Toggle timing should be small. If the waveform is too irregular, it 

usually indicates that other tasks in the computer are consuming too much processing power, and 

preventing normal data acquisition. 

The Frame Toggle signal is generated from within the innermost grab loop of Vdaq, and 

hence it is Vdaq’s most accurate timing signal. Unfortunately, grabbing images from a camera is a 

complicated process, and by the time the images get under control of Vdaq software, they have already 

flowed through a hardware video pipeline that has taken a significant time. This means that the frame 

toggle signal is delayed from the actual time when the images were exposed in the camera sensor. This 

delay is somewhat variable, and it is dependent on the exact camera and camera operating mode that you 

are using. The best way to determine this timing skew is to do an experiment using your own 
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experimental conditions. Briefly illuminate a led at a known delay from the start of Frame Toggle‘s first 

going high, and then see when that led appears in the data. From this information, you can infer the actual 

timing skew of the frame toggle signal. 

Frame Toggle Camera Issues 

While Frame Toggle is normally synchronized with data frames, it’s also subject to the constraints 

imposed by the software structure of Vdaq’s grab loop. Here are notes on the idiosyncrasies of the Frame 

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, Frame toggle always follows data frame 

timing 

· For operating modes above 110hz, frame toggle is related to camera frames, (not to 

data frames): 

o For 200 hz, frame toggle is high for two camera frames and low for two 

camera frames. 

o For 340hz., frame toggle is high for four camera frames and low for four 

camera frames. 

o For 520hz., frame toggle is high for eight camera frames and low for eight 

camera frames. 

1M60P Camera: Frame toggle always follows data frame timing. 
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Section III  Illumination Hardware 
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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 provides a high numerical aperture, high optical quality, and 

narrow depth of field, all optimized for optical imaging of the brain over relatively large areas, such as 

several millimeters square. (Microscope objectives do not excel for fluorescence imaging of large areas.) 

Side view. 

Note: the diagram above shows the tandem lens assembly mounted on the Lens Plate, which is the normal 

setup for intrinsic imagine. For voltage sensitive dye imaging, an epi-illumination macrosope attaches to 

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

Components 

· The Lens Plate is used to mount the two lenses front-to-front. Its top thread is 77mm and its 

bottom thread is 52mm. The vertical plate attaches to the camera holder. (For the epi-

illumination macroscope, the  bottom thread is 62mm, which requires additional adapters for 

the supplied lenses.) 
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· The Bottom Lens is usually a 50mm Nikon f1.2. Its front thread is screwed into the 52mm 

thread on the bottom of the lens plate, or (using an adapter) onto the 62mm thread on the 

bottom of the epi-illumination macroscope. 

· The Top Lens is either a 50mm or 135mm Nikon lens. The 50mm is supplied with the 

standard Optical Imaging tandem lens assembly. The 135mm is an optional accessory used 

for higher magnification. 

· The 77mm Adapter adapts the top lens front thread to match the 77mm thread of the Lens 

Plate. For a 50mm top lens, the adapter is from 52 to 77 mm; for a 135mm top lens the 

adapter is from 72 to 77mm. 

· The 2X Tele Converter is optional. It is used to alter the magnification of the device by 

placing it on either the top (rear) of the top lens, or the bottom (rear) of the bottom lens. See 

the Magnification table for more information. 

· The C-Mount Adapter mounts on the rear bayonet mount of the Top Lens, (or of the rear of 

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

(threaded) camera. 

CAUTION: Be very careful when attaching the adapters to the lenses, or lenses (possibly with the 

adapters) to the plates. These attachments use large-diameter delicate threads. If you over-tighten an 

adapter, it may be very hard to get off. Before you screw an adapter onto a lens, or a lens onto the 

plate, lightly coat the threads with a tiny amount of grease. If a lens or adapter gets “permanently” 

attached, do not attempt to force it off, because damage to the lens may result. Instead use a tiny 

amount of penetrating oil, which may help unlock the threads. As a last resort, send the frozen thread 

to Nikon for service. It will be cheaper to have them remove the adapter than to have them repair the 

lens. 

Magnifications 

The magnification of the Tandem Lens is the ratio of the top lens’ focal length divided by the bottom 

lens’ focal length. If the 2X Tele converter is used on top, that doubles the magnification, and if it is used 

on the bottom, it halves the magnification. All the possibilities are summarized in the following tables. 

 

Standard Lens Plate configuration (77mm thread on top; 52mm thread on the bottom). 

Top Lens Bottom Lens 2X Tele Converter Final Magnification 

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 the Lens Plate so that the top thread is 52mm and the bottom 

thread is 77mm. (The epi-illumination macroscope can not be inverted, but you can mount lenses as 

shown in the table below using adapters.) Then you can have the following magnifications: 

Top Lens Bottom Lens 2X Tele Converter Final Magnification 

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 Tandem Lens magnification and the size of the camera target: 

Video Camera: 8.8mm (H) × 6.6mm (V) 

FastSmart High Speed Digital Camera: 14.3mm (H) × 14.3 mm (V) 

Lens Settings 

Focus – Set to Infinity 

Aperture – Maximum opening, which is the lowest f number: f1.2 for the 50mm, f2.0 for the 135mm. 

. 
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Tandem Lenses and the Epi-Illumination 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 voltage sensitive dye experiment. 

 

 

Lenses, magnifications, and attachments are the same with the epi-illumination macroscope as with the 

plain tandem lens assembly. For a complete listing of lens combinations and magnifications, see the 

Tandem Lens Assembly chapter. The epi-illumination macroscope mounts under the lens plate, and then 

the bottom lens mounts to the bottom of the macroscope, as shown in the following diagram. The only 

difference is that the bottom thread on the macroscope is 62mm, which means that you need different 

adapter rings when you mount the lenses.  

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 port 

shown on the bottom-right. The 

bottom lens attaches to the 62mm 

bottom thread, partly shown. The 

dichroic mirror is mounted at a 45º 

angle in the drawer. 
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The epi-illumination 

macroscope mounts in the 

middle of the tandem lens 

assembly. The top lens mounts 

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 and 

reflects downward off the 

dichroic mirror. 
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Section IV Camera Information 
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Using the 1M60P High Speed CameraLink 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-quality camera that can be used for both intrinsic imaging 

and Voltage Sensitive Dye imaging. It has the unique feature that as the camera operates in its higher 

speed modes, it becomes more sensitive and attains a higher well depth. The combination of these two 

features makes it extremely good at both realms of brain imaging. 

The following modes of operation of the camera are supported: 

Operating Mode Resolution Well Depth 
(approx.) 

Relative 
Sensitivity 
(approx.) 

Typical Use 

25 fps Full Frame 1024x1024 180k e= 2.4 X Intrinsic Imaging 

30 fps Full Frame 1024x1024 180k e= 2X Intrinsic Imaging 

50 fps Full Frame 1024x1024 180k e= 1.2 X Intrinsic Imaging 

60fps Full Frame 1024x1024 180k e= 1X Intrinsic Imaging 

100 fps Deep Well 512x512 600k e- 2X VSD Imaging 

160 fps Deep Well 256x256 1.2m e- 4X VSD Imaging 

200 fps Deep Well 128x128 2.4m e-  8X VSD Imaging 

330 fps Deep Well 128x64 2.4m e- 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 operation is generally preferred, since it gives you 

the ability to maximize both temporal and spatial binning, to maximize s/n. The other speeds are available 

if you need somewhat more sensitivity. 

For VSD imaging, the Deep Well modes of operation are usually preferred to the standard 

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

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 an extremely flexible device. You can vary its spatial 

resolution, frame rate, exposure time, and gain in order to optimize its performance for your application. 

However, you need to understand the tradeoffs and capabilities of the camera in order to get the optimal 

performance. 

Camera Types 

Physically the FastSmart camera is a single entity, but conceptually it’s viewed as a set of camera types, 

each having a unique set of characteristics. To use a specific camera type, you close Vdaq Server and 

Client and then run the Vdaq Registry utility. The opening screen of Vdaq Registry utility contains a drop 

down control that lets you pick a specific camera type, and next to the drop down control is a small 

window that shows the characteristics of the specified camera. To save your camera selection, use the file 

menu’s Save to Registry and Exit command. When you next start Vdaq Server, look at the display on the 

main screen, which shows the characteristics of the current camera, or use the camera characteristics page 

within Vdaq Client, and verify that the desired camera is in use. 

Note that the Vdaq Registry Utility only displays the camera selection control if you have selected 

Digital12 for the Active System on the Components page. 

Built-in Cam era Types 

Vdaq is supplied with two sets of built-in camera types, the fundamental camera types, which can not be 

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

 Resolution Binned Frame Rate Gain 

Fundamental Camera Types 1024x1024 

1024x768 

1024x704 

1024x640 

No 

No 

No 

No 

40 hz. 

50 hz. 

60 hz 

60 hz. 

1X 

1X 

1X 

1X 
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1024x576 

512x512 

512x256 

512x128 

512x64 

No 

2x2 

2x2 

2x2 

2x2 

60 hz. 

110 hz. 

200 hz. 

340 hz. 

520 hz 

1X 

1X 

1X 

1X 

1X 

Derived Camera Types 384x256 

256x256 

256x128 

128x128 

256x64 

128x64 

64x64 

2x2 

2x2 

2x2 

2x2 

2x2 

2x2 

2x2 

200 hz 

200 hz. 

340 hz. 

340 hz. 

520 hz. 

520 hz. 

520 hz. 

4X 

4X 

4X 

4X 

4X 

4X 

4X 

 

In addition to the above camera types, you can create additional derived camera types using the 

FastSmart Camera Configuration utility. 

Hardware Binning 

The FastSmart camera has a hardware binning feature that can combine a 2x2 region of the image into a 

single output pixel, at full speed. In the above table, all of the camera types that operate at 110hz or faster 

use hardware binning, and the resolutions mentioned in the table reflect the post-binning resolution of the 

camera. Hardware binning is a mandatory feature of the faster camera modes and cannot be turned off. 

Note that the binning control in the Data Storage page of Vdaq Client refers to additional software 

binning that is applied after the camera frames have been collected.  

DMA Buffer 

During an experiment, the data frames from the camera are saved in a reserved area of memory called the 

DMA buffer. Your computer’s memory is partially used for the DMA buffer, and the remainder is 

allocated for the Windows operating system. In order to record large numbers of frames, you need as 

large a DMA buffer as possible. However, you also need to provide enough space for Windows to run 

efficiently. A bare minimum for Windows would be 64MB, but a more realistic space for efficient 

operation would be 128MB of memory. If you aren’t interested in recording large numbers of frames, 

simply create a DMA buffer large enough for the maximum 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 recording duration, you can compute the approximate required size 

for the DMA buffer. 

· The period of a single stimulus is the duration of each video frame times the number of video frames. 

Thus to compute the number of frames that you will save during each stimulus presentation, divide 

the length of the stimulus presentation by the length of each frame.  

For example, if you are recording for 5 second periods and operating at 200hz, you’ll need to store 

1000 frames in the DMA buffer. 

· The size of the DMA buffer required for a single stimulus is the number of video frames in the 

stimulus times the width of the Region of Interest (ROI) times the full height of the camera frame 

times 2. 

For example, if your frame size is typically 256 wide by 256 tall (typical for the 200hz cameras) then 

each frame will be 256x256x2 bytes or 131,072 bytes. If you need to store 1000 such frames, you’ll 

require 131,072,000 bytes in the DMA buffer. Since the buffer is allocated in chunks of 8MB, you’ll 

probably select 144MB. On a machine with 512MB of memory (the smallest configuration of the 

Imager 3001/F or 3001/D), that will leave ample room for Windows. 

Note that video frames are summed into data frames, data frames are spatially binned, and then saved to 

disk after each stimulus capture. Thus the DMA buffer needs to be large enough to store all the video 

frames that you capture. 

Also note that the above formula for frame size ignores various overheads that impact on the number of 

frames that can reside in a given amount of memory. It is accurate enough to determine roughly how large 

a DMA buffer you’ll need for a given stimulus period and frame size, but in general you should allocate a 

little more than you expect to need. 

 The DMA buffer can be configured using the Vdaq Registry Utility. After each change, the 

computer must be rebooted before the change will take effect. In some situations you’ll need to adjust the 

DMA buffer for each type of experiment that you do, but in most cases you’ll be able to set it once to a 

value that will provide enough storage for both Windows and the camera, and then leave it at that setting 

semi-permanently. 

 Also be aware that you may want to add more memory to your computer if you are trying to 

record long sequences of data that take hundreds of megabytes. Imager 3001 systems all have at least 

512MB of main memory in the computer, but more can be added as necessary. (Contact Optical Imaging 

for advice before altering the hardware setup of your computer.) 
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Reserved Host Buffer 

One reason that you might be unable to record as many frames as your DMA buffer calculation would 

indicate is the Genesis frame grabber’s Reserved Host Buffer setting. The Reserved Host Buffer is a 

region of memory in which the Genesis frame grabber software keeps track of each frame’s location, and 

if it is set too low it can make it impossible to record large numbers of frames. In most situations where 

the Reserved Host Buffer is insufficient, VdaqServer will issue an error message explaining the situation. 

 The Reserved Host Buffer setting appears in the file C:\genesis\shell\genesis.ini, which you 

can edit using Windows Notepad editor. Scroll down until you find the line  

 ReservedHostSpaceForLcBuffers=0x10000 

You should edit the number at the end of the line to be a larger value, as necessary. Then save the file and 

restart Vdaq. (If you want to leave the original value as a comment, make a copy of the original line, paste 

it into the file, and the precede it with a # which is the comment character.) 

The default value is 0x10000, but the value of 0x80000 is more appropriate for most 

installations. If necessary, it can be set to a higher value. 

Spatial Resolution 

You can use the FastSmart Camera Configuration utility to modify the spatial resolution of a derived 

camera type. Each derived camera has a maximum horizontal and vertical resolution, which is set by 

whatever camera it is based on. When you run the FastSmart Camera Configuration utility, the maximum 

resolution will be shown on the screen, and the current resolution will be displayed in red if you enter too 

large a value. 

The main reason to lower the spatial resolution of a camera is to save space. However, when 

you are saving data during an experiment, only the data in the current Region of Interest (ROI) is actually 

saved in the DMA buffer, so one approach would be to use the cameras at full resolution, with the intent 

of using small ROIs as necessary. The other approach is to create a camera whose spatial resolution is 

small enough to guarantee that any ROI you choose will be small enough that the desired number of 

frames will fit into the current DMA buffer. 

One thing to bear in mind when you are creating a custom camera or setting up your ROI is 

that only the width reduction of the ROI leads to space savings. In the DMA buffer, for a variety of 

technical reasons, the full height of the fundamental camera is saved in the ROI. Thus when setting up a 

ROI, a tall-skinny ROI will take less space than a short-wide ROI containing the same number of pixels. 
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Frame Rate 

Any of the derived camera types can be operated at a frame rate that is slower than the maximum rate, 

which is the rate of the base camera. There are many reasons you might want to run a camera at a slower 

rate: 

· You can have a longer exposure, which (obviously) collects more light and thus has lower noise 

· You can match the imager frame rate to some other rate, such as the frame rate of a visual stimulator. 

Note that the FastSmart camera operates on a free-running sync source, and it is not possible to 

synchronize it, frame by frame, to some other device. However, you might be able to synchronize 

some other device to the frame rate of the imager, especially if you adjust the Imagers frame rate to a 

specified value. 

· You can collect frames for a longer period of time 

The disadvantage of lowering the frame rate is obvious – you lose temporal resolution. 

 The frame rate (actually the frame duration) can be specified for any derived camera using 

the FastSmart Camera Configuration utility. 

Exposure 

The FastSmart camera has a programmable exposure, which can be controlled using the FastSmart 

Camera Configuration utility. The maximum exposure duration is the frame duration minus 0.9 

milliseconds. 

 For the cameras that operate at 110hz and higher, adequate exposure is often a problem, and 

you should usually set the exposure value to the maximum. For example, the 520 hz. camera has a frame 

duration of 1.92ms, which means the maximum exposure is only 1.02 ms, which is roughly 16X shorter 

than the exposure of the 60hz. camera. 

 You can compensate somewhat for short exposure durations by setting the camera gain to 

high, which will give you an additional 4X amplification of the signal. 

 For cameras that run slower than 60hz. you often want to reduce either the exposure or the 

light to avoid oversaturating the camera. For example, if you set the camera to run at 10hz (100ms.) you 

might want to set the exposure to 20 ms., so that you could use normal light levels. Setting the exposure 

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

Lens Mounting Plates 

All of the fundamental cameras that operate at speeds above 110 hz. use only a portion of the camera 

detector, and the unbinned cameras, other than the full size camera, also use only a portion of the detector. 

Another way to look at it is the 1024x1024 camera and the 512x512 camera both use the full detector, 

while all other cameras use only part of the detector.  
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Camera Detector Usage 

1024×1024 at 40 hz. 

1024×768 at 50 hz. 

All 60 hz. 

512×512 at 110 hz. 

All 200 hz. 

All 340 hz. 

All 520 hz. 

All 

Bottom ¾ 

Approx. Bottom ½ 

All 

Bottom ½ 

Bottom ¼ 

Bottom �  (Use the ¼ setting.) 

 

In order to center the lens above the active part of the detector, Optical Imaging supplies an adjustable 

mounting plate. You should move the plate as necessary to 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 camera only) 

Imager 3001/M 1M60P: NO 

 

In order to collect images at the camera field rate (50hz for CCIR, 60hz. for RS170) you need to ensure 

that the camera is setup internally so that it exposes the camera sensor on a field-by-field basis. Without 

proper setup, even though you may be collecting fields at 50 or 60 hz., the long frame-duration exposure 

will cause your effective time resolution to drop to 25 or 30 hz. 

Setup of the Teli CS8310 Camera 

The Teli CS8310 camera was supplied with most Imager 2001 systems. Check the camera label 

carefully, and make sure your camera matches the picture. 

 

 

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 

The Teli 8310B camera was supplied with most Imager 3001/V or Imager 3001/D systems. Check the 

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

 

 

Teli CS8310B Camera with the top cover removed, revealing the side board that contains the camera 

setup switches, shown in the red circle. For field exposure, set switches 2 and 3 ON as shown in the above 

diagram. For frame operation, set them to the default of OFF, 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 images using voltage sensitive dyes, the Imager 3001/V relies 

on frame de-interlacing—splitting each 40 (CCIR) or 33.33 (RS 170) millisecond frame into two fields of 

20 or 16.67 m millisecond sec duration. To obtain signals at these rates, you must use the Vdaq Registry 

utility to select the appropriate camera type: 

· Teli CS8310B-HT VSD for RS170-based systems 

· Teli CS8310BC-HT VSD for CCIR-based systems. 

See the Video 10-bit Hardware page of the Vdaq Registry utility chapter in the Vdaq Manual for more 

information about the supplied camera types. 

Note: Image data from the FastSmart camera is not deinterlaced, and the comments in this section to not 

apply to VSD imaging using the FastSmart camera. 

Details 

The nominal temporal resolution of the video signals that Vdaq uses to record brain activity is 25 Hz 

(CCIR standard) or 30 Hz (RS 170 standard).  However, it is possible to double this temporal resolution 

in practice, because these signals are interlaced. Each single frame is actually composed of two separate, 

interlaced fields (one odd, one even), which are exposed one after the other. Taking advantage of this 

allows the Imager 3001/V to obtain effective image frame rates of 50 or 60 Hz, by trading off half the 

vertical resolution of a single video frame. This rate is suitable for VSD recording in a wide range of in 

vivo cortical experiments. 

During normal video display on a monitor, the first field of a frame is scanned onto the 

display’s screen with a one-line gap between each line; then the second field is displayed by scanning its 

lines into the gaps between the lines of the first field. The fields are recorded in a similar fashion—data 

from all the odd lines of pixels on the camera’s CCD chip are sent into one field; data from all the even 

into another. Cameras shipped with the Imager 3001/V system have been set so that each set of lines—

odd or even—is only exposed for half the duration of a frame. One frame thus contains information 

recorded during two distinct time periods. 
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When you have specified a VSD version of the camera using VdaqReg, Vdaq automatically 

separates these fields as it collects data. It also applies 2x1 binning in order to restore a 1:1 aspect ratio to 

the saved data (you may select higher binning values if you wish). Once this step has been applied, 

subsequent data analysis can proceed much as it would for frame data—keeping in mind certain 

considerations that are detailed in the section Custom 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 produce interlaced frames, which are composed of two fields. 

One field contains the even-numbered lines of the image, and the other contains the odd-numbered lines. 

In order to get high temporal resolution for VSD experiments using a 30hz video camera, the individual 

fields are separated and converted to frames, to produce 60hz resolution. This operation, called 

deinterlacing, has consequences that must be understood to analyze the data properly. 

Note: the FastSmart camera used in the Imager 3001/F system operates at high speed without 

deinterlacing frames, thus its data can be analyzed without differentiating between even and odd frames. 

Details 

 Because of the design of the video camera used by the Imager 3001 to acquire data, there is a 

small DC offset difference between the odd and even video fields. Furthermore, apart from this DC offset, 

the two fields of grabbed images each contain a slightly different image, even when the preparation is 

completely static—there is a 1 pixel Y offset between field 0 and field 1.  

Field differences need to be taken into account, if, for example, you are writing your own frame 0 

subtraction analysis routine. The proper way to implement frame 0 subtraction on field-separated data is 

to subtract what was originally field 0 of the first video frame from every even field image, and to 

subtract what was originally field 1 of the first video frame from every odd field image. 

Other custom analysis routines may also be vulnerable to the systematic field differences 

described above. If you discover that there is a background shift visible in every other frame of the output 

from your custom analysis algorithm, check to make sure that you are properly correcting for any “field 

mixing” your analysis requires.  
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Section V  Computer Hardware 
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Hardware Raid0 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 with Hardware Raid0 support. Raid0 lets disk I/O operations 

work much faster, typically 2X or more faster, because disk I/O flows simultaneously to a pair of physical 

disks. Raid0 is sometimes called data striping because data alternates from drive to drive, as if in a striped 

pattern. You can find much more information on Raid disks theory and practice at 

http://www.storagereview.com/. 

Typical Imager 3001 systems include the following logical disk drives: 

Drive C: The system disk, which is usually a partition (portion) of the hard drive 0. Drive C should be 

used only for operating system files, imaging software, etc. It is critical to maintain several 

hundred megabytes (minimum) of free space on Drive C, so that the operating system works 

smoothly. It is also critical to avoid saving data onto 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 partition of hard drive 0. Drive D is typically used to 

store your long term data, presentations, key analyses, etc. It can be used as a Vdaq data disk, but 

is usually both smaller and slower than Drive E, which is the primary data disk. 

Drive E: The Raid0 disk, which should be the primary data storage disk for Vdaq. Drive E is actually a 

pair of hardware drives, which operate in parallel. Drive E is usually both the largest and the 

fastest disk in the computer. It should be backed up often (as should all the drives), typically after 

every experiment. Actually, because of the way that RAID0 relies on two drives and a 

sophisticated controller, it should be viewed more skeptically than ordinary disks, and backed up 

more often, because it’s reliability is the lowest of the disk drives in your computer. 

Imager 3001 systems also usually have a Drive V, which is 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 computer BIOS (basic input/output system) performs a series of 

hardware checks and initializations that are detailed on the computer screen as they occur. After these 

early checks, the computer starts to load the Windows/NT operating system, and presents a brief menu of 

the computer’s boot options. On systems supplied by Optical Imaging this menu has two options: 

· The first option is a normal boot to Windows/NT. This is the primary boot option, and should be 

used routinely. 

· The second option is a restricted boot to Windows/NT that should only be used for 

troubleshooting. It will use a basic VGA driver and resolution (640x480) and it will not install 

many “optional” drivers, fearing that they could cause a difficulty in the boot process. You should 

only use this option if you encounter trouble performing a normal boot. Note that Vdaq will not 

operate if you use the restricted boot option. Consult Optical Imaging technical support for 

assistance. 

If the restricted boot fails to start Windows/NT, you should contact Optical Imaging for support. If 

support is unavailable and you want to attempt to continue operations, you could try to boot the first of 

the three emergency Windows/NT boot diskettes supplied with all systems. Select the option to “repair an 

installed system,” which might be able to restore functionality. Alternatively, you might want to use the 

emergency disk created earlier when you used the RDisk utility. 



 

72 

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 3001 acquisition computers are shipped without a CD-ROM 

drive. This has not often proven to be a problem, but it has often led to questions about how to re-install 

software, should that become necessary. 

 Let’s first separate the problems into two realms – disasters vs. minor problems or upgrades. 

If you have a true disaster, like the total failure or corruption of Drive C, then it’s unlikely you could get 

things restarted without either a) a full image of drive C or b) assistance from Optical Imaging. The issue 

is not going to be the lack of a CD-ROM drive, but more one of expertise and knowledge. If you do 

experience a disaster, please contact Optical Imaging technical support in order to develop a plan for 

restoration. 

 For more common problems, at first one would think that a CD-ROM would be helpful. 

Occasionally it might be helpful, but the first place to look for software that needs to be re-installed is the 

C:\software directory, which contains all the Optical Imaging supplied software that is contained on the 

system’s CD-ROM. And as you upgrade to newer versions of Vdaq or of other Optical Imaging-supplied 

software, you should place the downloaded installation kits or in the C:\software directory for easy access 

in the future. And also be aware that re-installation of the various tools, drivers, and utilities that are 

present on the Acquisition computer is rarely necessary. Contact Optical Imaging technical support if you 

believe that something has become corrupted and is need of reinstallation. 

 One way to get the services of a CD-ROM without actually having one physically present is 

to access a CD-ROM over the network. On a computer that contains a CD-ROM, simply use the network 

facilities to share it, and then you’ll be able to use it from your Acquisition computer. Of course, this 

implies that the Acquisition computer is functioning well enough to access the network, but that is usually 

the case. 

 Even though a CD-ROM is rarely required, there are times it might be necessary or 

convenient to have one installed temporarily. Fortunately, this is easy to do. First, locate a CD-ROM disk 

drive with an IDE interface. If necessary, you can arrange a short-term loan of one from Optical Imaging. 

In addition, you’ll need a 40-pin IDE data cable. Turn off the Acquisition PC, unplug it from the AC line 
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outlet, take off the cover, and then connect the CD-ROM to the motherboard controller and to a spare DC 

power cable. To locate the motherboard IDE controller, follow the data cable from the top hard disk drive 

in the hard disk drive cage. Next to the IDE connector used by the top hard disk drive there will be an 

empty IDE connector that you can use for the CD-ROM. All this is very easy for anyone who has 

experience configuring PCs, so be sure to seek help if necessary. Once the CD-ROM is connected, simply 

boot the computer and use it; no driver installation is necessary. When you’re through with the CD-ROM, 

power off the computer, unplug the cables, and then put the 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 3001 systems are highly reliable and will work well for many 

years. However, all electronic equipment eventually fails, so you should be prepared as much as possible.  

· As most computer users know, one way to safeguard yourself is to routinely back up your data. 

Optical imaging data is voluminous, but even so you should consider keeping two separate 

backups, in case one fails. 

· Store your backup data away from your imaging system. You don’t want a flood or fire or 

vandalism in your laboratory to damage both your imager and your stored data. Best is for the 

stored data to be in a separate location. 

· Routinely ensure that all fans in the computer and lab interface are operating. The imager has two 

fans on the front panel (one on each side) and a fan at the rear, while most versions of the Lab 

Interface have two fans on the side. The front computer fans pull air into the computer, while the 

rear ventilates the power supply. You should periodically remove and clean (rinse in soapy water) 

the filters of the front two computer fans. Note that the filters can be easily removed from the 

front without removing the cover of the computer. 

· On a yearly basis, inspect the fans and computer interior for accumulation of dust and motes 

(large dust balls). If the fan blades are dust covered, clean them with cotton swabs. (Dust-crusted 

fan blades are ineffective at moving air.) Check the fan that is on top of the CPU, and if it is 

dusty, carefully clean it. Also ensure that when power is 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 drive is working, and replace it if it fails. 
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Using the RDisk utility 

Microsoft’s Rdisk utility is designed to create an emergency repair disk that is designed specifically for 

your system. It contains all the key drivers and settings that would be needed to restore a non-functioning 

installation. 

· Insert a blank floppy in the floppy disk drive 

· .Start Rdisk by clicking on the Start menu, then clicking on Run… and then enter the text rdisk 

and click on OK. 

· When the Rdisk main dialog starts, select the Create Repair Disk option. Windows will then 

create the repair disk. Label it and keep it in a safe place. 

The Emergency Repair Disk contains key information about how your computer and disks are setup. Note 

that it won’t actually let you boot your computer. If your boot drive is so corrupted that you can’t boot, 

you’ll need to boot using the 3 floppy disks that come with Windows NT. When you use these three 

floppies, you eventually get to a screen that asks you whether you want to Install Windows NT [Enter] or 

Repair a damaged system [Press R]. Insert the repair disk at this point and then press R. The process 

should proceed from that point. 

 Note that this procedure depends on having a working floppy disk drive. In a dusty 

environment, the exposed heads of a floppy usually get too dirty to work well in a period of a year or two, 

even if the floppy is only rarely used. If the floppy does get dirty, simply buy a replacement and install it. 

You might want to periodically use the floppy just to ensure it is working, because you will need it if the 

main hard drive fails. 

Making a Boot Drive Image 

One of the best ways to prepare for disaster is to make a complete image backup of your boot hard drive. 

Any hard drive failure is a serious problem, but failures of the data disks are pretty easily addressed by 

replacing the drive and reformatting and then restoration from backups. Failure of the boot drive is much 

harder to resolve, because if the computer doesn’t boot you have few options for doing the repair. 

 To make an image of your boot hard drive, you need to purchase a spare IDE hard drive, and 

you need to get a utility that will make an image of the existing drive. For the IDE drive, simply get any 

IDE hard drive with a capacity of 40 gigabytes or more. It should cost less than $100. There are several 

utilities for making an image of your hard drive. The one we use is called Drive Copy from Power Quest. 

It costs $50, as of this writing. See http://www.powerquest.com/. 

 In brief, the following procedure will let you make an 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 connector, and attach a data cable from the hard drive to 

your systems second IDE connector on the motherboard. (The second IDE connector is next to 

the first, which is attached to a cable to the top IDE drive in your chassis.) 

4. You may have to use the fdisk program, usually supplied with the image copy utility, to write a 

signature onto the new disk. 

5. Use the image copy utility to make a copy of the boot drive. 

6. Power off the computer and remove the data cable of the copy drive. Take the data cable of the 

boot drive and temporarily move it to the copy drive. 

7. Boot to the copy drive, to verify that it is a full, working, bootable image. 

8. Again power off the computer, and then switch the data cable back to the original boot drive.  

9. Remove the copy drive, keep it in a safe place (preferably in a separate room). Mark the copy 

drive with a label that includes the date, and clearly specifies 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 experiment to produce several gigabytes of data. Even 

tens of gigabytes in an experiment is fast becoming routine. Many problems arise when such 

large amounts of data are generated. Some of these problems are the difficulty of analysis, the 

difficulty of storage and transmission, and the difficulty of backups (which should, by the way, 

be redundant). But another problem, often overlooked initially, is the fact that during the 

experiment, saving huge data sets slows down the experiment, and reduces the fraction of the 

time during which data is collected. 

In order to reduce data save time during an experiment, all of Optical Imaging’s Imager 3001 

systems are equipped with a fast RAID (Redundant Array of Inexpensive Disks) disk system specifically 

configured for maximal data rates for large imaging data sets. These RAID disk arrays can reach speeds 

of 40 megabytes per second, depending on the characteristics of the data being saved. 

In addition to the techniques mentioned in this chapter, in some situations you can use a RAM disk 

to speed up data saving. For more information, see the Minimizing Inter-stimulus Time During an 

Experiment using a RAM disk chapter. 

· The most important first step for maximizing data acquisition time is to save your data onto the 

supplied RAID array, which is usually Drive E. Saving data elsewhere is likely to be much 

slower. (Storing to drive D: might be necessary if E: fills up unexpectedly during an experiment. 

Storing to drive C: should always be avoided, because the operating system will not work 

properly if the system drive fills up.) 

· Reduce the volume of your data so that you are only saving what is needed: 

o Select spatial binning of 2x2 or 3x3 to reduce your data volume by 4X or 9X, 

respectively. This reduces the spatial resolution, but increases the signal to noise ratio, 

and reduces the data size, which reduces the data save time. 
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o Use a region of interest so that only the area that matters is saved. This is often a 

completely painless way to work faster, because there is no advantage to saving data that 

isn’t needed. 

o Reduce the number of data frames. This reduces your time resolution, but leads to less 

data saved on disk. (This technique is primarily useful for intrinsic imaging.) 

o Reduce the duration of DAQ. For experiments in which you are saving all the video 

frames (one camera frame per data frame) you can save some space by reducing the total 

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

· Avoid storing multiple trials of data in a single block file. Many people don’t realize that 

accumulating multiple trials of data in a single block file can significantly slow down data 

acquisition. During the first trial, the data is simply written to the block file, and the experiment 

proceeds at its maximal rate. But in subsequent trials using the same block file, the data first must 

be read from the block file, then the data is summed, and then it is written back to the block file. 

This read-sum-write operation typically takes much longer, often 3X or 4X longer, than simply 

writing the data. The downside of storing each trial in its own block is that you generate much 

more data, so subsequent operations like analysis and transmission to other computers is slower. 

Note that you can use the Block Convert utility at the conclusion of an experiment to sum a group 

of block files into a single block file, thereby recovering the advantages of storing multiple trials 

in a single block file. 

· Avoid working with full, or nearly full disks. An empty disk works much faster than a full disk. 

Second best is to defragment your data disk before each experiment. The ideal procedure is to 

backup your data, redundantly, when your RAID disk becomes half full or more, and then remove 

that data from the RAID. Note that defragmenting a nearly-empty disk is a very fast operation. 

You should also be aware of the tradeoffs inherent in the RAID disk array. By having two 

drives work as one, you can get a significant speedup in disk operations, which is extremely 

helpful in experiments that work with gigabytes of data. But using two disk drives is obviously 

only half as reliable as using a single drive. Modern disk drives are very reliable, and usually 

work without trouble for many years, but you should always backup your data after every 

experiment. Actually, human error is an even more likely reason for data loss, which makes it 

doubly important to do a backup as soon as you finish collecting 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 chapter (Maximizing Data Acquisition Time During an Experiment) discussed 

how you could speed up an experiment by reducing the amount of data that is stored at the 

conclusion of each stimulus. The techniques discussed in that chapter are useful, but they 

typically work at the margin, reducing the inter-stimulus time by experimentally significant, but 

numerically modest, amounts. 

However, for some experiments it’s possible to reduce the inter-stimulus interval much more 

dramatically by using a RAM Disk. Typical data speeds to a RAID hard drive array are somewhere in the 

range of 3 to 50 megabytes/second, while the speed of a RAM 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 to understand by comparing it to something familiar, 

a standard hard drive. A standard hard drive, like the hard drives used in an Imager 3001’s RAID array, is 

an electro-mechanical device. It has a rotating platter coated with a magnetic material, and it has a 

read/write head that moves radially. All of these mechanical components place speed limits on the drive, 

and even though the limits have increased dramatically over time, the speed of a hard drive is still far 

lower than the speed of the electronic circuitry in your PC. In contrast to a hard drive, a RAM disk 

doesn’t contain any moving parts, because the storage is electronic, in fact the storage is a reserved chunk 

of the memory in your pc. Because the RAM disk is all-electronics, without those pesky moving parts, it 

can operate at very high speed, much higher than an electro-mechanical hard drive. But because the RAM 

disk is borrowing memory from your PC’s main memory, it’s space is limited, very limited when 

compared to hard drive, which today contain many tens or even hundreds of gigabytes. Also, keep in 

mind that the contents of a hard drive, since they are stored on a magnetic material, are retained when the 

computer power is removed, but the contents of a RAM disk are lost when computer power is lost. Thus 

anything stored on a RAM disk has to be duplicated on a hard drive before the computer is turned off. 
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To make a RAM disk, you run a program that sets aside some of your computer’s memory, and 

manages it as if it were a disk drive. A RAM disk has a file system, a root directory, it can be formatted, 

and so on, just like a hard drive. To a program, a RAM disk looks just like a hard drive, except that it has 

a modest capacity, and operates much faster. 

In order to make use of a RAM disk to speed up the inter-stimulus interval of Vdaq, you need a 

RAM disk large enough to accommodate a block file. The easiest way to determine the size of your block 

files is to setup Vdaq using your typical experimental parameters, run a dummy experiment, and then use 

Windows explorer to see the size of the block file that was produced. Because the RAM disk is using your 

computer’s memory for its storage, it’s not practical to use a RAM disk if your block file is larger than 

about one gigabyte on a PC with two gigabytes of RAM memory, or if your block file is larger than about 

500mb on a PC with one gigabyte of memory. If your block file is too large to fit in a (memory resident) 

RAM disk while leaving ample room for Windows, Vdaq, and a stimulus buffer, then you might consider 

storing fewer conditions in the block file, or adopting some of the techniques in the preceding chapter, to 

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 both a Windows XP system and a Windows NT 

system, is the free one from AR Soft, which can be downloaded from http://www.arsoft-online.de.If you 

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

Before you install the AR Soft RAM Disk, it’s a good idea 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 the size of the stimulus buffer 

· The number of stimuli stored in each block file, which dictates the size of the RAM Disk 

· The amount of RAM memory in your computer, which will often be 1G (billion) or 2G bytes. 

First, setup the stimulus buffer (also called the DMA memory or the non-paged memory) using 

VdaqReg. Because online maps are also stored in the stimulus buffer, you need to set aside 20–50 MB 

more than your stimulus size. So if your typical stimulus is 100mb (for example, 50 frames, 1024 square, 

2 bytes/pixel) you should probably set the stimulus buffer to 150mb. Once you’ve specified the size, 

VdaqReg will reboot the computer. If you have a system with 1GB RAM (approximately 1000 MB of 

RAM), after the stimulus buffer is set aside, your pc will have roughly 850 MB remaining. 

Having set aside space for the stimulus buffer, you next need to install the RAM Disk. First extract 

the files from the download into an empty directory. Then run the file setup.exe that will guide you 

through the simple installation. The only change you need to make is the size, which should be large 

enough to hold a full block file. In the example above, lets assume that each block holds 3 stimuli, which 

means the block file will be approximately 300 MB. Given this, the RAM Disk should probably be set to 

325MB, because it will also need to hold a few online maps files. A 325 MB RAM Disk should work 

well, given that you have 850 MB to work with, since it will then leave 525 MB for Windows. (If, instead 

of storing 3 stimuli in each block file, you were storing 8, then the block files would be about 800mb, the 

RAM disk would need to be about 825 MB, and there would only be 25MB for the Windows system, 

which wouldn’t work. In such a case you would have to do something to reduce the blockfile size, either 

by storing fewer stimuli, or by making each stimulus smaller.) 
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The other choice you need to make is the disk drive letter to assign to the RAM Disk. We suggest 

using T to remind you it is temporary, since its contents will be lost when the PC is rebooted. Set the size 

and drive letter, and reboot as directed. 

When the computer reboots, use Windows Explorer to see if the drive appears in the list of drives, 

and see if a small file can be copied to the drive. If all is well, then you can proceed to using the drive. 

However, if it isn’t working, the likely problem is that your PC isn’t booting with support for the FastFat 

file system that is used by the RAM Disk. (The reason the PC isn’t installing this driver is that the RAM 

disk isn’t present early in the boot phase, when the system scans the drives to determine which file system 

drivers to load.) The way to solve this is to place a value into the windows Registry to force the FastFat 

file system to be loaded each time the computer boots.  

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 Disk is now working. 

Using the RAM Disk 

To use the RAM disk, you need to make several selections in Vdaq: 

· Specify the RAM disk (usually drive letter T) as the local data directory, using the Vdaq Server 

file menu. 

· On the Data Storage Parameters page of Vdaq Client, specify a mirroring path, which should be 

on a permanent local drive. When each block file is completed, it will be automatically copied to 

the mirroring directory. (Unfortunately, using a RAM disk makes it impossible to concurrently 

copy your block files to a remote computer, which is the common use of the mirroring path 

control.) 

· On the Data Storage Parameters page of Vdaq Client, uncheck the ‘Keep Local Copy’ checkbox. 

Since the RAM Disk has only enough space for one block file, you have to delete the RAM Disk 

block file once it has been copied to the mirror directory. Otherwise, you won’t have room on the 

RAM Disk for the next block file. 

Before doing a real experiment with a RAM Disk, you should 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 header followed by the data. The header 

completely describes the characteristics of the data, including the data organization, the frame 

dimensions, the size and type of each pixel, and the location of each frame. The values of all of the fields 

in the block file header are directly reported by the WinTell utility. 

A C/C++ style header file is reproduced here for the use of advanced users who wish to be 

able to access data using custom- or 3rd-party analysis software. Not all fields are completely described 

here, but this information is enough to allow you to read/write block files if you have prior experience in 

working directly with binary file formats. 

While working with the header, you should keep in mind that it has evolved over the course 

of more than a decade. Many fields are obsolete, and are no longer used. Other fields are new, and are not 

set in older block files, or in new block files produced from older software. The most important fields, 

those having to do with file format (DC or differential), pixel format (16-bit integer, 32-bit integer, 32-bit 

float), frame count, binning, condition count, and frame 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 many types of block files. This can be a little 

surprising because your version of vdaq probably produces just one type of block file. If you create 

custom software to analyze a block file, you’re free to be as general as you wish with regard to the file 

format. Many people who, for example, are used to 16-bit differential pixels will write analysis software 

to work with only that format. That’s fine, but you should always put in a few checks to ensure that the 

file is actually in that 16-bit differential format, and not in some other format that your software can’t 

properly handle. 

 

Details: 

· DC block files contain true image data, not differential data. The individual pixels in a DC block file 

are either 2-byte unsigned values, 4-byte long values, or 4-byte IEEE floating point values. The field 

values you need to use to read this format are similar to those for reading a raw block file, except that 

there is no reference frame. Imager 3001 Vdaq produces DC block files using either 2-byte unsigned 

pixels or 4-byte signed pixels, depending on camera type, amount of on-line binning, and amount of 

on-line frame accumulation. These files can be converted using Block Convert to contain either 4-

byte signed pixels or 4-byte IEEE floating point pixels. (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 can be viewed and 

converted using all WinMix software, but are not produced by Imager 3001, and will not likely be 

encountered by Imager 3001 users. 

· Sum block files and image block files are no longer supported by Optical Imaging software. You 

probably won’t have to work with the sum file or image file variants of the Optical Imaging block file 

format. If you run into these formats and have trouble, contact Optical Imaging Technical Support for 

more information. 

There are four common block file varieties in common use in Optical Imaging products: 

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

· lFileType = 11 (DIFF_FILE) 

· lFileSubtype = 11 (FROM_VDAQ) 

· lSizeOf = 2 

· lDataType = 12 (DAT_USHORT) 

· lRefSize = nonzero, implying a reference frame 

B. 32-bit DC Float (no reference) -- output of Block Convert 

· lFileType = 12 (DC BLOCK_FILE) 

· lFileSubtype = 11 (FROM_VDAQ) 

· lSizeOf = 4 

· lDataType = 14 (DAT_FLOAT) 

· lRefSize = 0, implying NO reference frame 

C. 32-bit integer DC without reference -- output of Imager 3001 Vdaq iff 32-bit pixels, or output of 

Block Convert 

· lFileType = 12 (DC BLOCK_FILE) 

· lFileSubtype = 11 (FROM_VDAQ) 

· lSizeOf = 4 

· lDataType = 13 (DAT_ULONG) 

· lRefSize = 0, implying NO reference frame 

D.16-bit integer DC without reference -- output of Imager 3001 Vdaq iff 16-bit pixels 

· lFileType = 12 (DCBLOCK_FILE) 

· lFileSubtype = 11 (FROM_VDAQ) 

· lSizeOf = 2 

· lDataType = 12 (DAT_USHORT) 

· lRefSize = 0, implying NO reference frame 
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/*-----------------------------------------------*\  

|  Field: lFileType.                              |  

\*-----------------------------------------------*/  

#define RAWBLOCK_FILE          (11) 

#define DCBLOCK_FILE           (12) 

#define SUM_FILE               (13) 

#define IMAGE_FILE             (14) 

 

/*-----------------------------------------------*\  

|  Field: lFileSubtype.                           |  

\*-----------------------------------------------*/  

#define FROM_VDAQ              (11) 

#define FROM_ORA               (12) 

 

/*-----------------------------------------------*\  

|  Field: lDataType.                              |  

\*-----------------------------------------------*/  

#define DAT_UCHAR     (11) 

#define DAT_USHORT    (12) 

#define DAT_LONG      (13) 

#define DAT_FLOAT     (14) 

 

/////////////////////////////////////////////////// ///////////////////// 

// simple data types 

/////////////////////////////////////////////////// //////////////////// 

typedef unsigned short  ushort; // 2 byte value 

typedef unsigned long  ulong;  // 4 byte value 

 

/*-----------------------------------------------*\  

|  Block File Header                              |  

\*-----------------------------------------------*/  

typedef struct  { 

    // Data integrity 

    long   lFileSize; 

    long   lCheckSum_Header;        // beginning with the lLen Header field 

    long   lCheckSum_Data; 

 

    // Common to all data files 
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    long   lLenHeader; 

    long   lVersionID; 

    long   lFileType;               // e.g. DCBLOCK_FILE, RAWBLOCK_FILE 

    long   lFileSubtype;            // e.g. FROM_VDAQ, FROM_ORA 

    long   lDataType;               // e.g. DAT_UCHAR, DAT_USHORT 

    long   lSizeOf;                 // e.g. sizeof(long), sizeof(float) 

    long   lFrameWidth; 

    long   lFrameHeight; 

    long   lNFramesPerStim;         // data frames  

    long   lNStimuli; 

    long   lInitialXBinFactor;      // from data acquisition 

    long   lInitialYBinFactor;      // from data acquisition 

    long   lXBinFactor;             // this file 

    long   lYBinFactor;             // this file 

    char   acUserName[32]; 

    char   acRecordingDate[16]; 

    long   lX1ROI; 

    long   lY1ROI; 

    long   lX2ROI; 

    long   lY2ROI; 

 

    // Locate data and ref frames 

    long   lStimOffs; 

    long   lStimSize; 

    long   lFrameOffs; 

    long   lFrameSize; 

    long   lRefOffs;               // Imager 3001 has no ref  

    long   lRefSize;               // these fields will be 0  

    long   lRefWidth; 

    long   lRefHeight; 

 

    // Common to data files that have undergone som e form of "compression" 

    //    or "summing"; i.e. The data in the curren t file may be the 

    //    result of having summed blocks 'a'-'f', f rames 1-7 

    ushort aushWhichBlocks[16];  // 256 bits => max of 256 blocks per expt 

    ushort aushWhichFrames[16];  // 256 bits => max of 256 frames per 

   // condition 

    // Data analysis 

    float  fLoClip; 
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    float  fHiClip; 

    long   lLoPass; 

    long   lHiPass; 

    char   acOperationsPerformed[64]; 

 

    // Ora-specific—not needed by Vdaq 

    float  fMagnification; 

    ushort ushGain; 

    ushort ushWavelength; 

    long   lExposureTime; 

    long   lNRepetitions;        // # of repetitions 

    long   lAcquisitionDelay;    // delay of DAQ relative to Stim-Go  

    long   lInterStimInterval;   // time interval between Stim-Go's   

    char   acCreationDate[16]; 

    char   acDataFilename[64]; 

    char   acOraReserved[256]; 

 

    // Vdaq-specific 

    long   lIncludesRefFrame;    // 0 or 1 

    char   acListOfStimuli[256]; 

    long   lNFramesPerDataFrame; 

    long   lNTrials; 

    long   lScaleFactor;         // NFramesAvgd * Bin * Trials 

    float  fMeanAmpGain; 

    float  fMeanAmpDC; 

    BYTE   ucBegBaselineFrameNo;  // SUM-FR/DC File (i.e. compressed) 

    BYTE   ucEndBaselineFrameNo;  // SUM-FR/DC File (i.e. compressed) 

    BYTE   ucBegActivityFrameNo;  // SUM-FR/DC File (i.e. compressed) 

    BYTE   ucEndActivityFrameNo;  // SUM-FR/DC File (i.e. compressed)  

    BYTE   ucDigitizerBits;       // cam_GetGrabberBits   

    BYTE   ucActiveSystemID;      // core_ActiveSystemID()  

    BYTE   ucDummy2; 

    BYTE   ucDummy3; 

    long   lX1SuperPix; 

    long   lY1SuperPix; 

    long   lX2SuperPix; 

    long   lY2SuperPix; 

    float  fFrameDuration; 

    long   lValidFrames; 
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    char   acVdaqReserved[224]; 

  

    // Note = SYSTEMTIME is 8 WORDS (16 bytes) 

    SYSTEMTIME rTimeBlockStart; 

    SYSTEMTIME rTimeBlockEnd; 

 

    // User-defined 

    char   acUser[224]; 

 

    // 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 standard Windows Bit Map file format. 

.IV file:  This is a file in the Image View file format, a simple image format specific to Vdaq.. The 

header of the file is 3 four-byte integers: first a 1, then the width of the image in pixels, 

and finally the height of the image in pixels. The pixel data follow immediately, encoded 

as a 2-dimensional matrix of unsigned 1-byte integers.  

.IVF file:  This is afile in the Image View file format, a simple image format specific to Vdaq.. 

The header of the file is 3 four-byte integers: first a 4, then the width of the image in 

pixels, and finally the height of the image in pixels. The pixel data follow immediately, 

encoded as a 2-dimensional matrix of unsigned 4-byte IEEE (Institute of Electronic and 

Electrical Engineers) floating point numbers. 

.LUT file:  This is a Look-Up Table file which contains information used by Vdaq components to 

map colors to pixel values when they are displayed. Two .LUT files are attached to preset 

buttons (a 256-color grayscale LUT and a 16-color LUT called SAT.LUT); other .LUT 

files can be defined by the user and loaded through a dialog. 

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

advanced mode: Vdaq Server and Vdaq Client both have an advanced mode activated by the 

File menu’s Advanced Mode command, or Ctrl-Space. In this mode, additional display 

and command options become available for verifying and calibrating system function. 

artificial cortex:  A seven-segment LED display used as a subject when testing the functioning of 

the Imager 2001 system. A step-by-step explanation of how to perform an artificial cortex 

test is available (see the section in Part II: Artificial Cortex Test). 

binning:  When spatial binning is selected (X/Y Data Binning > 1), every group of 2 or 3 image 

pixels in each dimension is summed to get a single pixel value, which is then placed into 

a new image 1/2 or 1/3 the size of the original in each dimension. The effect of this is to 

reduce high-frequency spatial noise, and to reduce the size of the block files on disk. 

Note that binning may contribute to creating a data overflow condition. 

block file: Accumulated data frames are written to block files, which have a file name 

concatenated together based on three parameters: Base Filename, Experiment ID, and 

Block Files Per Experiment. The data from a user-defined number of trials are 

accumulated into each block file, then a new one is begun with file name extension one 

letter above the previous.  
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CCIR: CCIR is the European black-and-white video standard. It has a resolution of 768 x 574 

pixels (acquired image size may vary slightly depending on camera type), and a 25 Hz 

interlaced frame rate. CCIR is the basis for the color PAL video format.  

clipping values: Online maps and other activity maps have a dynamic range which must be 

compressed or stretched to match the range of gray or color values which can be 

displayed on the monitor. Vdaq automatically computes clipping values that are used to 

perform this mapping in terms of the ratio of the images used to obtain an on-line map. 

connect directory: Vdaq can take advantage of network-shared drives to allow data acquisition 

be controlled remotely, and to allow the acquired data to be viewed remotely. To do this, 

all communicating Vdaq components should be set to share the same connect directory, 

which is typically on a shared directory that is not on the data acquisition computer itself. 

The connect directory can be flexibly set in Client, and the default for a given installation 

is defined using the Vdaq Registry Utility. 

data frame: Depending on the settings specified by the current .PRM file, a data frame contains a 

variable number of video frames, integrated together. The rate at which data frames are 

acquired depends on the number of video frames of which they are comprised, and the 

frame rate of the camera itself. The resolution of a data frame likewise depends on the 

resolution of the camera’s video format, and can be reduced by a factor of 1, 2, or 3, 

depending on the current binning setting. 

differential image/enhanced image: An image produced by subtracting a reference image from 

a live video signal, then amplifying the result to reveal small changes in the scene 

occurring since the reference frame was taken.  

digital I/O ports:  Vdaq communicates with several externally connected devices through TTL-

level digital input/output ports. A detailed list of the default functions of the digital I/O 

ports is available from the Server Help menu. 

experiment: When Vdaq executes a .PRM file, it runs an experiment: including a defined set of 

stimulus episodes repeated for a defined number of trials, creating a defined number of 

block files. 

field:  A single video frame is divided into two interlaced fields. In some versions of the Imager 

2001, it is possible to separate the fields that make up a frame, doubling temporal 

resolution at the cost of half of the vertical resolution of the camera. 

fractional reflectance change: The fractional reflectance change is the amount of [functionally 

specific] change in the reflectance of a [brain] region in the camera’s field of view; 

expressed as a fraction of total baseline reflectance measured. This value is very small for 

intrinsic imaging mapping signals, typically on the order of one part in one thousand. 



 

94 

frame grabber: The Genesis, Pulsar, or Meteor frame grabber board, manufactured by Matrox 

and included with the Imager 2001 system, is used to digitize the incoming camera 

signal, as well as to display live images of the video signal on the computer’s main 

monitor. 

go bit: This is a bit on the digital I/O interface which is set TRUE by Vdaq just before recording 

begins. It is intended to be used by the stimulus generator to synchronize the timing of 

stimulus presentation and data recording. It can also be manually set: stimulus IDs with 

values of 128 or greater always have the go bit set (the go bit is identical to the most 

significant bit of the 8-bit stimulus ID). See Defining Stimulus IDs for more details. 

green-illumination image: Before beginning an experiment, it is good practice to take a static 

image of the area to be functionally imaged using green illumination. Under illumination 

by a green light, the pattern of blood vessels in the cortex stands out clearly, due to the 

high absorption of hemoglobin at this wavelength. This can serve to provide important 

landmarks both during acquisition and analysis. A step-by-step explanation of how to 

acquire a green-illumination image is available (see the manual section entitled Acquiring 

a Green-Illumination Image). 

heartbeat signal: Vdaq can receive TTL pulses from an external heartbeat monitor, which 

delivers a pulse at the same phase in each heartbeat. This allows synchronizing the 

respirator to the heartbeat. 

illumination shutter:  The light passing to the cortex from the illumination source can be turned 

on and off by Vdaq by means of a computer-controllable illumination shutter.  

light guide: The usual means for illuminating the experimental preparation is a fiber-optic or 

liquid light guide attached to a tungsten-halogen light source. A lens at the end of some 

light-guides aids in focusing the illumination to a bright, even spot. Optical Imaging 

recommends using a pair of light guides to help in producing more even illumination of 

the camera’s field of view. 

live view window: Some commands in Vdaq invoke live view windows, which are floating 

windows that display the live camera image.  

LUT:  A LUT, or Look-Up Table, is a table that specifies a color or gray value for display of each 

of the 256 possible pixel values an eight-bit image can contain. In Vdaq, clipping values 

are used to determine how to map images with greater than eight-bit precision onto the 

256 color values available in a LUT. 

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

ongoing experiment, Vdaq Client allows the definition of online maps, which are 
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differential images produced by dividing images from one set of stimuli by images from 

another set of stimuli.  

respirator:  For many kind of experiments, it is preferable to paralyze the animal and respirate it 

artificially to keep a stable preparation. Using artificial respiration also allows 

synchronizing the respirator to the heartbeat. 

ROI:  A Region Of Interest can be defined to mark the sub-region of the camera’s field of view 

that contains the “interesting” part of the scene to be imaged. This reduces the amount of 

space that block files take on disk, and can speed up analysis later on.  

RS-170: RS-170 is the U.S. black-and-white video standard. It has a resolution of 750 x 480 

pixels (precise image size may vary depending on the camera used) and a 30 Hz 

interlaced frame rate. RS-170 is the basis for the color NTSC video format. 

SAT.LUT:  This is a special .LUT file that is typically used when setting the illumination before 

beginning an experiment. It maps the 256 available pixel values to the following 16 

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

saturation: Saturation is manifested as a uniform, maximally bright region of the image. It occurs 

when the illumination exceeds the well capacity of the CCD chip on the camera, or when 

the camera’s output signal falls beyond the dynamic range of the circuits which 

amplify/digitize the video signal. Saturation prevents the acquisition of valid data, and 

must be avoided. 

shot noise: In an ideal imaging situation, the largest contributor to the noise of an image is shot 

noise. Shot noise results from random fluctuations in the light levels reaching a detector 

that are due to the quantum nature of light. It increases as the square root of the total 

average illumination intensity. The signal increases proportionally to the total average 

illumination intensity. Thus, the signal-to-noise ratio increases with increasing 

illumination when shot noise is the limiting noise contributor. 

signal-to-noise ratio: Because intrinsic imaging relies on the detection of very small changes in 

reflectance, maximizing the ratio of the signal (the functionally relevant change in blood 

flow) to the noise (errors in the measured light level due to fluctuations in the, shot noise, 

or non-functional changes in the reflected light level due to “biological noise”) is crucial. 

This is not to be confused with the signal-to-background ratio, also called the fractional 

reflectance change.  

stimulus generator: A device for producing an image, sound, touch, etc. which produces a 

physiological response in the experimental subject. You must configure your imaging 

system so that the presentation it makes can be controlled by the current stimulus ID. 
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stimulus ID: A specification of one of 128 possible presentations of image, sound, etc. sent to an 

externally connected stimulus generator during a stimulus. Note that while Vdaq specifies 

which stimulus to present (and when), it does not generate or present the stimulus itself. 

See Defining Stimulus IDs for more details. 

stimulus: (As used in this manual): a single data acquisition episode, during which one stimulus 

ID is sent from Vdaq to an external stimulus generator. (More commonly): the image, 

sound, etc. produced by a stimulus generator. 

superpixel region: A superpixel region is a small rectangular part of the camera’s field of view 

which can be defined from within one of the Camera Setup dialogs.. During an 

experiment, the SuperPixel Time Courses display in Client will display the average value 

of the pixels within this region as a function of trial number. 

synchronize respirator: A significant source of biological noise comes from movement of the 

brain during the stimulus due to the respiration and heartbeat of the subject. 

Synchronizing the respirator with the heartbeat makes this movement more reproducible 

from stimulus to stimulus, and thus subject to easy removal using differential image 

analysis. 

trial:  A complete set of stimuli (presented in order, or randomly), as determined by the list of 

stimulus IDs defined for the current experiment. 

video format: The Imager 3001/V system supports two standard black-and-white video formats: 

RS-170 (common in the U.S, Canada, and Japan), and CCIR (common in Europe). (The 

Imager 3001/F uses a FastSmart digital camera which doesn’t follow international video 

standards.) 

video frame: Each full image produced by the video camera is a video frame. For systems with a 

true video camera, meaning a camera that follows international video standards, video 

frames are always produced at a rate of 30 fps (RS-170) or 25 fps (CCIR), and always at 

the resolution of the camera’s video format. For systems with a FastSmart high speed 

digital camera, frames are produces at many different rates, depending on the camera 

settings. Video frames are accumulated by Vdaq to produce data frames, which are saved 

in block files. 

view window: Some commands in Vdaq invoke view windows, which are floating, scrolling, 

resizable windows that allow you to zoom images to various scales for closer 

examination. 


