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1. INTRODUCTION 

1.1 READING ORDER 
To get the most out of this tutorial, we recommend that you read all of section 1 which gives a brief 

overview of the processing steps, tells you how to start Visual Fusion and open image files, and 
introduces you to the main Visual Fusion window. After that, you may work through any or all of the 
individual tutorials in section 2, in any order. 

.2 WHAT YOU WILL LEARN 
This tutorial is designed to famil iarize you with most of the major capabilities of Visual Fusion. By 

working through the following tutorials, you will learn how to perform the following tasks. 

• Multi-target auto-detect and auto-track. 
• Quadrant target auto-tracking, 2D calibration, position and velocity analysis. Sub-pixel 

tracking accuracy demonstration. 
• Advanced Analysis capabil ity including separation distance, harmonic analysis, curve 

fitting. 
• Correlation tracking, position relative to a moving reference frame, and import of external 

data for plotting along with Visual Fusion derived data. 
• Data Visualization capabili ties 
• Multi-sensor 3D triangulation analysis (including calibration) 
• Single-sensor 6DOF analysis 
• Airbag deployment analysis 
• Lens distortion calibration and correction 
• Radiometry and signature analysis 
• Add frame dynamic sensor data to frame headers 

 

The tutorial will also demonstrate the basic steps required for motion analysis in Visual Fusion, and 
demonstrate the various image and data formats supported. 

While it is possible to run Visual Fusion directly off the CDROM, we recommend that you install 
Visual Fusion on your hard drive. To do this, use Windows Explorer to navigate to the “visfus” directory 
on the CDROM and double click on “vfinstall .bat” . This will create the directory “c:\visfus” on your 
hard drive and copy the Visual Fusion executable and manual to this directory. In order to improve 
performance, we also recommend that you copy the “Samples” directory to your hard drive. 

1.3 PROCESSING STEPS 
Motion analysis with Visual Fusion consists of 3 basic steps (figure 1), Processing, Review, and 

Analysis. In the processing step, targets are tracked and a history of target parameters (position, size, 
shape, intensity) is developed. During the Review mode, the user clicks on targets in the imagery to 
select them for preliminary plots, or to save as named targets for further detailed analysis. Finally, in the 
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Analysis step, the user can generate a number of sophisticated plots, import external data to plot along 
with Visual Fusion data, perform 2 target analysis (e.g. separation distance), track editing, multi-sensor 
3D position analysis, single sensor 6DOF analysis, or radiometry. Results of the Processing step are 
saved in an ASCII “ track file” which contains all of the information about all targets tracked. Results of 
the Review step are saved in individual “ target files” which each contain the entire history of a single 
selected target. 

Figure 1. Processing Steps 

 

1.4 START-UP 
Double click on the Visual Fusion icon on your desktop, or select VisualFusion.exe in Windows 

Explorer. The main Visual Fusion window appears (figure 2). To view an image sequence either click on 
the “Open Image” icon (the folder opening) on the main Image Tool Bar, or from the menu bar select 
“File” and then select “ Image Open” . A file selection box will appear with the default file format of 
“ .svs” (for SVS format files). If you click on the “File Type” box at the bottom of this window you wil l 
see all of the available file types. 

Visual Fusion currently supports the following image formats: AVI, TIFF or sequences of TIFF 
images, MatLab or sequences of MatLab images, raw binary images (BLD format), and the SVS format 
(containing frame headers for dynamic data such as time stamps, mount pointing, or camera settings), as 
well as several proprietary formats. 

NOTE: Only images of the currently selected file type will appear in the file selection box. To see 
image files in other formats, use the “File Type” selection to choose either the format of the desired 
imagery, or the “All Files” option. 
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Figure 2. Visual Fusion main window and image display window 
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2. INDIVIDUAL TUTORIALS 

2.1 MULTIPLE TARGET AUTO-DETECT, AUTO-TRACK 
This example is designed to show you how to automatically detect and track many (40) targets, 

without having to manually initiate each track. Based on a contrast detection criteria, Visual Fusion 
automatically detects all targets in each image frame and either assigns the targets to existing tracks, or 
initiates new target tracks. You wil l also learn how to select certain of those targets for further analysis 
and obtain plots of position versus time and plots of the separation distance between two of the targets as 
a function of time. 

Start Visual Fusion. To open the image file either click on the “Open Image” icon  (the opening 
file folder) on the main VF toolbar or from the “File” pull down menu select “ Image Open” . The file 
selection box wil l appear with the SVS image file format as the default. Navigate to the “debris.svs” 
image file which should be on the distribution CD in the “Samples/2dsampls” directory. The image file 
should open and display an image in the window. 

To improve the image display, select the first window in the Image Options Toolbar (this window 
should initially display “Linear” for the grey scale mapping). From the drop down list select “Hist. Eq.” 
To perform a histogram equalization on the display. Note that this does not affect the imagery in any 
way, nor does it have any affect on the processing – this is purely a display enhancement feature. If you 
need to, resize both the main VF window and the inner image display window so the bottom information 
bars are visible on the image display window as shown in figure 2. Note that as you move the pointer 
around the image the (x,y) coordinates and the pixel value are displayed. Also note that for this image 
sequence there is time stamp data with each image frame as shown in the frame status bar. 

To enter the first phase of analysis, the main image processing step, click on the fourth window on 
the Image options Toolbar (this window show initially display “Display” ). From the drop down list select 
“Process” . Note that the Processing Control Toolbar appears. For this demonstration, we have many 
targets to track, all of which can be identified by the fact that they are brighter than the background. 
Therefore we wish to select the bright target track gate and apply it to the entire scene. Click first on the 

bright target icon  (left most button) on the Processing Control Toolbar. Now click in the image to 
place the track gate (since we are going to resize the track gate to the full image size it does not matter 
where we place it initially). 

Just to gain some comfort with moving and resizing the track gate, try clicking on the “Move” 
button (first button in the second group on the Processing Control Toolbar). Now click and hold the left 
mouse button in the track gate and drag the gate by moving the mouse. When you release the left mouse 
button the track gate will remain at that location. You can also move the track gate without clicking the 
“Move” button by simply clicking and holding the right mouse button in the track gate. To resize the 
gate, click the “Resize” button (second button in the second group on the Processing Control Toolbar). 
Now click and hold the left mouse button in the track gate. Note that the corner nearest the pointer snaps 
to the pointer location. Now resize the track gate as desired and release the mouse button when done. 
Alternatively, to resize a track gate without selecting the “Resize” button, while holding the shift key, 
click and hold with the right mouse button in the track gate and drag until the box is the desired size. 
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We now want to size the track gate to the full image size. This could be done manually as just 
described by using the move and resize functions. However, an easier method is to select the “Edit Gate” 

button  (fifth button in the second group on the Processing Control Toolbar). Now click in the track 
gate. The Edit Track Gate box appears (figure 3). Click on the Sizes/Loc tab and then click on the “Full 
Size” button. Now click “Okay” to close the box. The track gate is now the full size of the image. 

Figure 3. Edit Track Gate Box used for setting individual track gate parameters 

Next we need to specify a file in which to save the processing results. This is an ASCII file called a 
track file. It wil l contain the time history of all targets detected. To select a file click on the “Save 

Results” button  (last button on the Processing Control Toolbar). For this example, select a name 
such as “myDebris.trk” (Note that you must place this in a directory on your hard disk, not on the 
CDROM). Once you accept the file name, you are ready to begin processing. 

To turn on the processing, click on the “Process” button  (the yellow lightning bolt, second 
button in the third group on the Processing Control Toolbar). It may take several seconds to process the 
first frame (as the system allocates memory to hold the results). You should see a number of green 
overlays appear indicating the detected targets. While the system is in “ Process” mode you should 
never step the frames backward or grab the slider bar on the Frame Selection Toolbar . 

To adjust the target overlay information, click on the “Display” button  (third button in the third 
group on the Processing Control Toolbar). The Target Display Options box appears (figure 4). Click on 
the “Moments” box to add a display of the target moments to the overlays. Now click “Ok” to close the 
box. Note that the large target is outlined and has an ellipse in the center. The ellipse represents the 
second moments of the target which are three numbers related to the x and y extents of the target and the 
“ roundness” or “ thinness” of the target. This can be used to tell for example if the target is long and thin, 
and what its angular orientation is, or if it is more “blobby” . The centroid location of the target is 
indicated by a small green square located in the center of the moments ellipse. The two long green lines 
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indicate the actual x and y extents of the target (so you could draw a rectangle around the entire target). 
The point at which the two lines cross is the peak intensity location. 

 

Figure 4. Target Display Options dialog box. 

To automatically process the rest of the image sequence, click on the “Movie Loop” button  on 
the Image Toolbar. The system will step through the frames to the end of the sequence processing each 
frame as it goes. Once the system has reached the last frame and stopped you can click on the “Process” 
button again to turn off the processing mode and save the results to disk. This may take several seconds. 
The result should appear as in figure 5. 

 
Figure 5. Processed image sequence using debris.svs 

 

At this point the Processing step in which we extract target information from the image sequence is 
complete and we are ready to move on to the “Review” mode in which individual targets are selected for 
further processing. Click in the fourth window on the Image Options bar, and from the drop down list 
select “Review” . A file selection box will  appear asking for the name of a track file. Select the file you 
just created in the previous step (myDebris.trk). The image will appear overlaid with the target 
information. At this point you may freely scroll back and forth through the image sequence. To display a 
plot of a target, select what you want to plot in the Graph Selections Box (figure 6). Now click on the 

“Plot Target” button  (second button) on the Review Control Toolbar. Now click on the target you 
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wish to plot. Visual Fusion will select the target closest to the cursor and a plot will appear. Since we will 
explore the graph in more detail i n another demo, close the graph by double clicking in the upper left 
corner. Now let’s select two targets to save for further detailed analysis. Click on the “Save Target” 
button (third button) on the Review Control Toolbar and then click on the target you wish to save. A file 
selection box wil l appear asking for the name of an ASCII target file to which you wish to save this 
target. Once you are done, repeat the process for a second target. A good pair of targets to use are the one 
near the center of the image which initially goes up and then curves over and drops, and the one which 
forms a long trail from the left edge, sort of mid-way vertically, going across the image to the top of the 
image. 

 
Figure 6. Review mode plot selection dialog 

At this point you have completed the review mode target selection and are ready to move on to 
detailed target analysis. Close the image display window by double clicking in the upper left corner. 

To perform the detailed target analysis, click on the “Review Targets” button  on the main VF 
Toolbar. A file selection box will appear asking for the name of a target file. Select one of the two targets 
you saved in the previous step (perhaps the one which curves over). The “Target Analysis” box wil l 
appear (figure 7). For the X Axis select “Frame” and for the “Y Axis” select Pixel Pos. Press “Plot” and 
you should see a plot of the target x and y location showing steady motion to the right while the y 
component goes up a bit and then falls. Close the graph. Now click on the “2 Target Ops” button and 
select the other target file for the secondary file (figure 8). Now click on “Plot” in the “Two Target 
Operations” window to see a plot of the x and y separation distance as a function of frame number. Close 
the graph and close the Two Target Operations window. 
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Figure 7. Target Analysis dialog window 

 
Figure 8. Two Target Operations dialog 

If you wish, click on the "Sig. Stats" button to see some signature statistics for the target. Close the 
window when done. 

This is the end of this example. Further steps you can take on your own would be to play with the 
“Edit Target” functions, or trying choosing different first and last frames and plotting the position or 
signature versus time. You might also want to open the target file in a simple editor like Notepad to 
examine it. 

2.2 QUAD TARGET & SUB-PIXEL TRACKING 
This example will demonstrate sub-pixel tracking using quadrant pattern targets for tracking. It will 

also demonstrate simple single camera, 2D scaling to engineering units and plotting the separation 
distance between two targets. 
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Start Visual Fusion. To open the image file either click on the “Open Image” icon  (the opening 
file folder) on the main VF toolbar or from the “File” pull down menu select “ Image Open” . The file 
selection box will appear with the SVS image file format as the default. Use the “Files of Type:” window 
at the bottom of the file selection box to select “AVI Files” . Now navigate to the “crash.avi” image file 
which should be on the distribution CD in the “Samples/2dsampls” directory. The image file should open 
and display an image in the window. 

To enter the first phase of analysis, the main image processing step, click on the fourth window on 
the Image options Toolbar (this window show initially display “Display” ). From the drop down list select 
“Process” . Note that the Processing Control Toolbar appears. Place a quad target track gate on the 
following targets: all 8 of the large quad target patterns, especially the head and the targets on the seat 
base. Also place one on the small target on the seat belt connector. To place a quad target track gate, 

click on the quad target track gate button  (third button on the Processing Control Toolbar), and then 
click on the quad target you wish to track. Note that you do not need to click exactly on the center of the 
quad pattern as the track gates are self-centering. Repeat the two step process (click on the track gate 
button and then on the desired target) for each target you wish to track. Note that after you click on the 
quad pattern track gate button, a text message appears on the “Cursor Position and State Bar” at the 
bottom of the image window, indicating that you are in the mode to select a new quadrant pattern. After 
placing the track gate on the small seat belt target, shrink the track gate a bit by clicking the “Shrink Box” 

button  (third button in the second group on the Processing Control Toolbar) and then clicking in the 
track gate. Note that you could also have manually resized the track gate to an arbitrary rectangular size 
as described in example 2.1. When you are done, you should have an image similar to figure 9. 

 
Figure 9. Track gate placement 

The image data in this sequence was collected at 1000 fps. Since it was saved in an AVI file with no 
way to indicate the frame rate, Visual Fusion assumes a default frame rate of 30 frames per second 
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(standard video). To override this, click on the “Processing Parameters” button  (first button in the 
last group on the Processing Control Toolbar), and then select the Camera tab (figure 10). Change the 
“Frame Time (sec)” from 0.033 to 0.001 sec and then click “Ok” to close the box. 

Figure 10. Setting frame rate using Processing Options dialog 

Next we need to specify a file in which to save the processing results. This is an ASCII file called a 
track file. It wil l contain the time history of all targets detected. To select a file click on the “Save 

Results” button  (last button on the Processing Control Toolbar). For this example, select a name 
such as “myCrash.trk” (Note that you must place this in a directory on your hard disk, not on the 
CDROM). Once you accept the file name, you are ready to begin processing. 

To turn on the processing, click on the “Process” button  (the yellow lightning bolt, second 
button in the third group on the Processing Control Toolbar). It may take several seconds to process the 
first frame (as the system allocates memory to hold the results). You should see a number of green 
overlays appear indicating the detected targets. While the system is in “ Process” mode you should 
never step the frames backward or grab the slider bar on the Frame Selection Toolbar . 

To automatically process the rest of the image sequence, click on the “Movie Loop” button  on 
the Image Toolbar. The system will step through the frames to the end of the sequence processing each 
frame as it goes. Once the system has reached the last frame and stopped you can click on the “Process” 
button again to turn off the processing mode and save the results to disk. This may take several seconds. 

At this point the Processing step in which we extract target information from the image sequence is 
complete and we are ready to move on to the “Review” mode in which individual targets are selected for 
further processing. Click in the fourth window on the Image Options bar, and from the drop down list 
select “Review” . A file selection box will appear asking for the name of a track file. Select the file you 
just created in the previous step (myCrash.trk). The image will appear overlaid with the target 
information. At this point you may freely scroll back and forth through the image sequence. 
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We wil l now apply 2D scaling to the target motion. Click on the “Scaling” button  (first button 
in the second group on the Review Control Toolbar). The “2D Scaling” dialog box will appear (figure 

11). Open the magnifying glass window by clicking the “Magnifier” button  (on the Image Toolbar). 
Now click the “Point 1” button in the scaling box and then click on the center of the left quad pattern on 
the seat base. Next click the “Point 2” button and then click on the right quad pattern on the seat base. 
The magnifier window is useful in this operation to ensure you click on the exact pixel you want. The 
quad patterns on the seat base are 20” apart, so enter 20 for the Separation distance. Visual Fusion 
computes the calibration factor of 0.111732 inches per pixel, as shown in figure 11. Note that the “Y Cal 
same as X Cal” button is on. Because this sensor is using square pixels at this frame rate, we leave this 
button on and note that the X Calibration value has been automatically copied to the Y Calibration value. 

 
Figure 11. 2D Scaling dialog 

There are two important points to remember when using the 2D scaling. First, the scaling assumes 
that the reference scale is in the same plane as any targets to which you are applying the scaling. This is 
exactly true for the two seat targets and approximately true for all of the targets we tracked in this 
example. However, the scaling would not be appropriate for a target on the far wall . Also, the scaling 
only works for motion in a plane. A 3D scaling technique is necessary for non-planar motion. The second 
thing to remember is that you can apply a separate scaling factor for each target. You simply apply the 
scaling as we just did, then save all targets for which that scaling applies. Now repeat the 2D calibration 
for a different scale factor and save the targets for which that scaling applies. Repeat the process as 
necessary. For our current example, we only use a single scaling factor. 

To display a plot of a target, select what you want to plot in the Graph Selections Box (figure 12). 
For this example, let’s select “Absolute Position” versus “Time” . Now click on the “Plot Target” button 

 (second button) on the Review Control Toolbar and click on the head target. A plot of position 
versus time should appear. Note that the time scale is in seconds, running from 0 to 40 msec and the 
position scales are in the units you used for scaling, inches. We have two ways to estimate the velocity. 

First, click on the “Derivative” button  and a graph of the derivative will appear. The derivative of 
position versus time is velocity. If you now click on the “Statistics” button, you will see that the mean 
value of this graph is –230.4 inches/sec. However, while this numerical differentiation is very general 
purpose and can be used on targets not moving at constant velocity, it is also noisy. For constant velocity 
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motion a better approach is to click on the “Fit to Line” button . Note that a new data set is created 
based on a least squares fit to the original data. This “noise free” data set has a slope (velocity) of –234.3 
inches/sec. Close the graph by double clicking in the upper left corner. 

 
Figure 12. Review mode plot selection dialog 

Now let’s select the two targets on the base to save for further detailed analysis (to show separation 
distance and sub-pixel tracking accuracy). Click on the “Save Target” button (third button) on the 
Review Control Toolbar and then click on the target you wish to save. A file selection box will appear 
asking for the name of an ASCII target file to which you wish to save this target. Once you are done, 
repeat the process for a second target. At this point you have completed the review mode target selection 
and are ready to move on to detailed target analysis. Close the image display window by double clicking 
in the upper left corner. 

To perform the detailed target analysis, click on the “Review Targets” button  on the main VF 
Toolbar. A file selection box will appear asking for the name of a target file. Select one of the two targets 
you saved in the previous step. The “Target Analysis” box wil l appear (figure 7). Since we are going to 
examine the tracking accuracy of Visual Fusion, be sure to leave the Plots parameters at Frame Num and 
Pixel Position. Click on the “2 Target Ops” button and select the other target file for the secondary file 
(figure 8). Now click on “Plot” in the “Two Target Operations” window to see a plot of the x and y 
separation distance as a function of frame number. Close the “Two Target Operations” window so you 
can work with the graph. In the graph you should see three horizontal lines showing the x separation 
distance, the y separation distance, and the magnitude of the separation distance. In order to get more 
detail , let’s delete the x and y separation distance, leaving only the magnitude of the separation. Note that 
the drop down window under the toolbar lists all 3 data sets. The one in the window is the active data set. 

Leave it showing the “X Position” data and click on the “Delete Data” button  (second button in the 
third group). The x position data is deleted from the graph and the active window now shows the “Y 
Position” data as active. Delete this data set also, leaving only the “Magnitude” data set. You might want 
to turn off the legend now since there is only a single data set, by click the “L” button on the toolbar. 

Now click on the “Statistics” button  (fourth button in the group). The pop-up dialog window (figure 
13) shows a mean separation distance of 179.05 pixels and a standard deviation of 0.24 pixels. This 
indicates that for this image sequence, Visual Fusion was able to track the target locations to about a ¼ of 
a pixel accuracy. Accuracy with other data sets (having higher or lower resolution) or using different 
target types, may be higher or lower than this depending on the detailed nature of the imagery. Close the 
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statistics window and the graph. Since we are done with this target, also close the “Target Analysis” 
window. 

 
Figure 13. Separation distance statistics from graph of separation distance 

This is the end of this example. Other things you might want to experiment with using this data set 
include combining manual and automatic track points in a single analysis. To do this, in Process mode 

you might place one quadrant track gate (perhaps on the head), and one manual track gate  perhaps 
on the dummy’s nose. Once your turn on processing, you must single step through the imagery using the 
right arrow on the frame slider bar. You must manually re-position the manual track gate every frame by 
right clicking with the mouse within the track gate and moving it to its new position. 

2.3 ADVANCED ANALYSIS INCLUDING VIBRATION & CURVE FITTING 
This example wil l demonstrate adjusting the detection parameters to allow automatic detection of 

targets in a highly cluttered background, followed by harmonic (FFT) analysis to find the rotation rate of 
a target. This will be enhanced by fitting the data to a curve and using a special data cursor to examine 
the data. This example involves a rotating electronics cooling fan imaged with a high resolution 
(512x512) pixel camera running at 1000 frames per second (fps). In order to demonstrate the ability to 
automatically detect the targets of interest, an LED was placed at the center of each quadrant pattern, 
thus saturating the detector at those locations and making detection easy. 

Start Visual Fusion. To open the image file either click on the “Open Image” icon  (the opening 
file folder) on the main VF toolbar or from the “File” pull down menu select “ Image Open” . The file 
selection box will appear with the SVS image file format as the default. Use the “Files of Type:” window 
at the bottom of the file selection box to select “BLD Files” . Now navigate to the “fan.bld” image file 
which should be on the distribution CD in the “Samples/2dsampls” directory. The image file should open 
and display an image in the window. 

Click the "Vertical Flip" button  (on the Image Toolbar) to display the image right side up. Now 
enlarge the image to 200% using the second drop down window on the Image Options Toolbar. Switch to 
Process mode using the fourth drop down window on the Image Options Toolbar. 
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Place a light target track gate around the fan. Start by clicking the “Bright Target” button  (first 
button on the Process Control Toolbar) and then clicking somewhere on the fan. You can resize the gate 
by right clicking with the mouse while holding down the shift key. You can drag the track gate by simply 

right clicking in the gate without using the shift key. Now click on the Edit Gate button  and click in 
the track gate. Because we know the LEDs saturate the image, change the threshold method to Absolute 
and set the Abs. High value to 255 (figure 14). Click "OK" to close the window. 

 
Figure 14. Setting threshold type and value 

Now because the rotation is rather high compared to the frame rate, click on the Processing 

Parameter button  (first button in third group on the Processing Control Toolbar) and when the 
Processing Options window opens, go to the Tracker tab. Increase the Minimum Track Error sliders from 
the default value of 4, to a value of 8 for both dx and dy (figure 15). If we don't do this, Visual Fusion 
will periodically break track. Alternatively, we could decrease the time constant from 30 msec to 10 
msec. 
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Figure 15. Setting tracker parameters to deal with high rotation rates 

After you have changed whichever parameter you wish, close the window and click "Save Results" 

 to open an output track file. Select "myFan.trk" as the output file. Click on Process  to process 
the first frame. You should see a number of green overlays appear indicating the detected targets. The 
image should appear similar to figure 16. While the system is in “ Process” mode you should never 
step the frames backward or grab the slider bar on the Frame Selection Toolbar . 

Now click on the “Movie Loop”  and let Visual Fusion process the rest of the sequence. When it 
is done, click off the Process button and using the fourth drop down window on the Image Options 
Toolbar, go to Review mode. When asked, select the myFan.trk file just created. 

 
Figure 16. Tracking LEDs on fan 
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In this example, Visual Fusion used the "FRAMES/S" entry in the BLD file to determine the frame 
rate and set the proper time for each frame. If you were using a sequence of TIF images, you could either 
enter the frame time in the Camera tab of the Processing Options window during processing, or you 
could continue to the final target analysis and adjust the frame times. However, since in this case, we 
have the correct frame rate, we can perform a simple frequency analysis at this point. 

In the Graph Selections window (figure 6), change the X axis from Frame Number to Time. Now 

click on the Plot Target button  on the Review mode tool bar and click on one of the two LEDs. A 
graph should appear with two sine waves, 90 degrees out of phase, corresponding to the x and y motion. 

Click on the Fourier Transform button  on the main tool bar of the graph and accept the defaults in 
the FFT window (figure 17). A power spectrum graph should appear with a peak around 30 Hz. 

 
Figure 17. FFT Setup window 

To estimate the rotation frequency, you can just move the cursor over the graph and readout the 
cursor position in the window at the bottom of the graph, as you move it over the peak in the spectrum. 

However, to get a better estimate, you could click on the “Data Cursor”  and now use the slider arrow 
buttons to click the data cursor over to the peak data point as shown in figure 18. You can read out the 
exact peak data point value of 31.25 Hz. 

 
Figure 18. Data Cursor reading out exact data point values 

Both of the previous techniques relied on estimating the value of the peak data point. However, the 
peak value may not correspond to an exact data point. The peak value may in fact be larger than shown 
and at some point between the two highest valued points. One way to estimate this value is to assume that 
the power spectrum in gaussian in nature and fit a gaussian profile to the data. This is done using a non-
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Linear least squares technique, by simply clicking on the “Fit to Gaussian” button . The result should 
be as shown in figure 19, with a center frequency estimate of 29.57 Hz. 

 
Figure 19. Gaussian fit to power spectrum to estimate center frequency 

This is the end of this example. Another thing you might try with this data set is to perform a two 
target analysis of the separation distance between the 2 LEDs. The previous example did this with 
quadrant patterns and demonstrated a ¼ pixel tracking accuracy between 2 fixed quadrant patterns. With 
the current example you should be able to demonstrate a tracking accuracy of 0.32 pixels between these 
two point sources. 

2.4 CORRELATION TRACKING, MOTION IN A MOVING REFERENCE FRAME, IMPORT 
OF EXTERNAL DATA 

This example uses an image sequence obtained by digitizing high speed film. It is intended to 
demonstrate using correlation and quadrant pattern tracking, and show how to plot the motion of an 
object relative to a moving reference frame, in this case, the motion of a crash dummy’s head relative to a 
moving vehicle. We will also see how to import data from an external source (such as an accelerometer) 
and plot the data along with Visual Fusion position or velocity data. 

Start Visual Fusion. To open the image file either click on the “Open Image” icon  (the opening 
file folder) on the main VF toolbar or from the “File” pull down menu select “ Image Open” . The file 
selection box will appear with the SVS image file format as the default. Use the “Files of Type:” window 
at the bottom of the file selection box to select “BLD Files” . Now navigate to the “car.bld” image file 
which should be on the distribution CD in the “Samples/2dsampls” directory. The image file should open 
and display an image in the window. 

Click the "Vertical Flip" button  (on the Image Toolbar) to display the image right side up. 
Switch to Process mode using the fourth drop down window on the Image Options Toolbar. 

Now select the quadrant target pattern  and click on the quadrant pattern on the dummy’s head 
(try to click near the center, but not exactly, to observe the self-centering feature). Now pick a point on 
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the door numbers, say the upper part of the “6” . To track this point select a correlation box  (fourth 
button in the first group on the Processing Control Toolbar) and click on the upper curve of the six. Next 

select an output track file (myCar.trk) using the “Save Results” button . Once this is done, click the 

“Process” button  to turn processing on. You should see the quadrant gate snap to the center of the 
quadrant pattern on the dummy’s head with the green overlay centered on the quadrant (figure 20). 
While the system is in “ Process” mode you should never step the frames backward or grab the 
slider bar on the Frame Selection Toolbar . 

 
Figure 20. Correlation and Quad pattern tracking 

At this point you can turn on automatic processing by clicking on the Movie Loop button  on the 
Image Toolbar. Note that around frame 27 there is a rip in the film which will cause a jump in all of the 
target positions. Once the processing has completed turn off the processing to save the track file results. 

Now change from Process to Review mode using the fourth drop-down window on the Image 
Options Toolbar, and select the track file you just created (myCar.trk). We want to save the two targets 
we selected during processing, so click on the "Save Target" button and then click on one of the targets to 
save it to a target file. Now click on the "Save Target" button again and click on the other target to save 
it. At this point we are done with the imagery, so close the image display window. The main Visual 
Fusion window should now be empty. 

Click on the "Review Targets" button  on the main Visual Fusion toolbar. When asked, select 
the target file you just saved which contains the dummy' s head data. The Target Analysis window (figure 
7) should now appear. Select "Time" for the X axis and "Pixel Pos." for the Y axis. Click plot and you 
should see a graph showing the motion of the dummy' s head in pixel coordinates in the image. Notice the 
rip in the film around frame sequence number 25. Now click the "2 Target Ops" button and the "Two 
Target Operations" window (figure 8) should appear. Click on "Select 2nd File" and select the car door 
target file. Now click on the "Plot" button for Separation Distance. A graph should appear showing the x, 
y, and total magnitude separation distance. Use the drop down data set selection window just under the 
graph main toolbar to select the “Magnitude” data set and then delete it by clicking the Delete button 
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. Notice that the film rip jump which is common to both is subtracted out in this example. Close this 
graph when finished. 

Now return to the graph of head position versus time. Delete the Y position data set. Now click the 

“Open Data” button  and select the “headxAccel.dat” data file (you may wish to examine this ASCII 
file with a text editor to see what it looks like). This new data set, meant to simulate accelerometer data, 
appears on the graph. Select this data set in the drop down data set selection window and click the 

“Format Data” button  to get the “Data Format” window. Click off the “Left Axis” option and close 
the window. Now right click on the label on the right hand Y axis and enter “Acceleration Data” . You 
should now have a graph which looks like figure 21. 

 
Figure 21. Import of external accelerometer data. 

This is the end of this example. 

2.5 DATA VISUALIZATION 
Regardless of your analysis task, it is important to understand your data. To this end, Visual Fusion 

provides a number of tools to help you view the data in different ways. 

Start Visual Fusion. To open the image file either click on the “Open Image” icon  (the opening 
file folder) on the main VF toolbar or from the “File” pull down menu select “ Image Open” . The file 
selection box wil l appear with the SVS image file format as the default. Navigate to the “debris.svs” 
image file which should be on the distribution CD in the “Samples/2dsampls” directory. The image file 
should open and display an image in the window. 

To improve the image display, select the first window in the Image Options Toolbar (this window 
should initially display “Linear” for the grey scale mapping). From the drop down list select “Hist. Eq.” 
To perform a histogram equalization on the display (figure 22). Note that this does not affect the imagery 
in any way, nor does it have any affect on the processing – this is purely a display enhancement feature. 
If you need to, resize both the main VF window and the inner image display window so the bottom 
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information bars are visible on the image display window as shown in figure 2. Note that as you move the 
pointer around the image the (x,y) coordinates and the pixel value are displayed. Also note that for this 
image sequence there is time stamp data with each image frame as shown in the frame status bar. 

Figure 22. Histogram equalization for improved data visualization 

Another technique to help understand or visualize your data is the use of a surface relief map of the 

image. Click on the “Surface Plot” button  on the Image Toolbar to generate the display in figure 23. 
You can increase the magnification of the entire image using the Image Options Toolbar (the default is 
100% or 1 screen pixel per image pixel). You can also open a magnifier window by clicking on the 

“Magnifier” button  on the Image Toolbar. 

Row and column profiles, as well as maximum or minimum value projections, image histograms, or 
thresholding the image can be performed using the Analysis toolbar. This is accessed by changing from 
display mode to Analysis mode with the drop-down option window on the Image Options Toolbar. 

Figure 24 shows a maximum value projection . 

Original Linear Scaling Histogram EqualizationOriginal Linear Scaling Histogram Equalization
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Figure 23. Surface Relief map of image 

Figure 24. Maximum Value Projection 

This is the end of this example. Other things you can try on your own include obtaining row and 
column profiles, image histograms, generate image or region statistics, or use the Analysis mode toolbar, 
measurement tool to measure distance and average speed of a target. 

2.6 MULTI-SENSOR 3D ANALYSIS 

2.6.1 Description 
This example demonstrates the use of two (or more) cameras observing the same target and compute 

the 3D position of the target. A simulation was generated in which a small target performed a spiral 
ascent up the z axis, centered on the x-y axis origin. The amplitude (radius) of the rotational motion is 6 
meters in the x-y plane (centered around x=0, y=0). The target moves with constant velocity in the z 
direction, beginning from an elevation of 5 meters. 

For the simulation, two cameras with fixed location and fixed Line Of Site (LOS) observe the target 
(we can supply the simulation with moving sensors and changing LOS if desired, but the setup and 
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processing is a bit more complex). For the present simulation both cameras record the imagery such that 
the elevation axis corresponds to up in the image and the bore-sight pixel is the center pixel in the sensor. 

For this simulation the first sensor is located at (-30, -30, 10) in a right handed (x, y, z) coordinate 
system. It's LOS is azimuth = 45 degrees, elevation = -0.675207 degrees, and the roll angle is 0. The 
Incremental Field Of View (IFOV), or the FOV of a single pixel is 1632.96 micro-radians. The camera 
has a frame rate of 30 frames per second (fps) with the first frame at time 0. 

The second camera is located at (30, -30, 15) and its LOS is azimuth = -45 degrees, elevation = -
7.38642 degrees, and the roll angle is 0. The IFOV of this sensor is 1619.91 micro-radians. The frame 
rate is 35 fps with the first frame at time 0.0142857 sec (1/2 of a 35 fps frame time). This demonstrates 
that the two cameras do not need to be gen-locked and in fact can even be running at different frame 
rates! 

The two image files are c1.svs and c2.svs corresponding to the two camera locations. There are also 
two associated text files, c1.txt and c2.txt which document the sensor location, LOS, IFOV, frame rate, 
and a few other items about the simulation. For each frame, the files also contain the frame number, 
frame time, the true (x,y,z) location of the target at that time (lx, ly, lz), and the LOS to the target 
(alphaL, betaL). You might want to examine one of these files with a text editor. The file SetupInfo.txt 
summarizes the sensor location and LOS data needed for calibration. 

In order to support an automatic calibration procedure, fiducial marks are placed on the x axis at +/- 
4 m, on the y axis at + 4 m and on the z axis at 11 m. Since the x-y axes were drawn to intersect the z axis 
at the initial height of the target (5 m), the z axis fiducial is at 6 m above the plane of the x-y axes. 

2.6.2 Calibration 

Start Visual Fusion. To open the image file either click on the “Open Image” icon  (the opening 
file folder) on the main VF toolbar or from the “File” pull down menu select “ Image Open” . The file 
selection box will appear with the SVS image file format as the default. Navigate to the “c1.svs” image 
file which should be on the distribution CD in the “Samples/3dsampls” directory. The image file should 
open and display an image in the window. You should see a black image with some grey axes with tick 
marks (the calibration fiducials) and one white target. 

Change to from “Display”  to “Cal Mode” using the fourth drop-down window on the “Image 

Options Toolbar” . Click on the “LOS IFOV” button  (second button on the Cal Mode Toolbar) to 
obtain the “Compute LOS and IFOV” calibration window (figure 25). Enter the sensor location (-30, -30, 
10) and the target location, in this case, the coordinate origin (0, 0, 5). To compute the IFOV, click the 
“Point 1” button and then click the coordinate origin (you might want to click on the magnifying glass 

 to help accurately select the point). Now click the “Point 2” button and click on the fiducial on the z 
axis. Now enter the separation distance of 6 m and click, “Calc. IFOV”. You should see a value of 
1630.46 micro-radians (compared to a true value of 1632.96 micro-radians). Note that we used the z axis 
which is perpendicular to our Line Of Site (LOS), and not the x and y axes which are rotated. Now click 
on the “Target Location” button and click on the coordinate origin. Finally click on the “Calc. LOS” 
button. You should see a value of 45 degrees azimuth and –0.743 degrees elevation (compared to 45 
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degrees and –0.675 degrees). Click on “Save” to create an ASCII calibration file for use during the actual 
processing. Repeat the process for the second sensor, using a sensor location of (+30, -30, 15). 

 
Figure 25. LOS & IFOV Calibration window 

The preceding technique is useful i f you can place a known reference target in the FOV. If you 
cannot do this, you will have to measure the sensor IFOV and LOS yourself and then enter them during 
the processing step. 

2.6.3 Processing 
To begin processing, switch to the "Processing" mode using the fourth drop down window on the 

Image Options Toolbar. Select a light target track gate  and click on the target to place the track gate. 
Since this is a small track gate and the target is moving, we need to override the default and allow the 

track gate to move with the target. Click on the "Edit Gate" button  and click inside the track gate. 
When the "Edit Track Gate" window appears, click off the "Box Location Fixed" flag, set the threshold 
to “Absolute” and the value to 255, then close the window by clicking on "OK". 

Now click on the "Processing Parameters" button  and the "Processing Options" box should 
appear (figure 26). On the Location tab enter (-30, -30, 10) for the (x, y, z) locations, and click on the 
"Use Location Values" so the software knows these are now valid. If we were using the frame header 
information in the SVS format, instead of entering the x, y, and z locations we could just click on the 
"Use Frame Header Location Values" and in fact this is the only way to process data from a moving 
sensor. However, the present example does not require this. In fact, we could defer specifying the sensor 
location until the final stages of target analysis, but it is generally better to enter the information here. 

Now switch to the LOS tab. You may either enter the values by hand, or read them from your 
calibration file. If you click on the “Read Cal File” button and enter the name of your calibration file, 
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Visual Fusion will fil l in the values for you. However, sometimes it is not convenient to have calibration 
targets, in which case you must either create a calibration file by hand, or enter the values directly. If you 
enter them directly, be sure to enter the azimuth, elevation, and roll , and set the LOS units to 
Azimuth/Elevation. Also be sure to enter the IFOV. If you enter them by hand, use the values for the first 
camera in the description of the data set. If the image were flipped so that the elevation axis increased 
toward the bottom of the image we would have to click on the "Image vertically flipped" box, but for this 
example we do not. If the sensor were on a tracking mount for which the LOS changed from frame-to-
frame we would have to use frame header information, but again, we will pass for this example. Visual 
Fusion has selected the center pixel of the image as the default bore-sight pixel which is correct for this 
example, so we will leave it as is. 

Figure 26. Processing Parameters for 3D Analysis 

Now click on the "Tracker" tab. Because the frame rates used in this example are not high enough 
relative to the target motion, Visual Fusion tends to break track at certain points as the target changes 
direction. We could deal with this by increasing the "Minimum Track Error" values (in fact you may 
want to come back and experiment with this later), but for now, since we know we only have a single 
target we will simply click on the "Force Single Target Match", thus telling Visual Fusion that there is 
only a single target and it should not break track. 

This example uses an SVS format file with the frame time embedded in each frame header. 
However, if you were using a sequence of TIF images, you should set the frame time by clicking on the 
"Camera" tab and entering the correct "Frame Time" (1 / frame rate). You would still have to adjust the 
first frame time later in the final target analysis step. 

At this point Visual Fusion has all of the information it needs. Close the "Processing Options" 
window by clicking on the "OK" button. Now select an output track file by clicking on the "Save 

Results" button . Remember you can't save it to the CDROM. Pick a name such as “myC1.trk” so we 

can identify this track file with the c1.svs image file. Now click "Process"  to turn on the processing. 

Visual Fusion processes the first frame. Now click on the "Movie Loop" button  and watch Visual 
Fusion finish processing the sequence. You should see the target spiral upwards in the image with a 
smooth green track history flowing out behind it. Click on the "Process" button again to turn off the 
processing and save the results. The processed image sequence should appear as shown in figure 27. 
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Figure 27. C1.svs image showing target track and axis calibration fiducial marks 

We are ready to go to Review mode with this file, so select Review mode and when asked, give the 
name of the track file just created (myC1.trk). We need to save this target to a target file for the 3D 

analysis, so click on the "Save Target" button  and then click on the target. When asked for a name, 
select “myC1.trg” . We are done with the image file so close the image display window. Note that 
performing a 2D Scaling at this point would be a bad thing to do - we have already given Visual Fusion 
all the information it needs to perform the 3D analysis. In fact, the only reason for performing a 2D 
Scaling at all is if for some reason you cannot perform the 3D analysis (perhaps because you only have 
an image sequence from a single sensor). 

Now we need to repeat the process with the second image set. Open the "c2.svs" file, enter 
"Process" mode, and place a light target track gate on the target. Be sure to edit the track gate to turn off 
the "Box Locations Fixed" flag and set the threshold method to “Absolute” and the value to 255. Click on 
the "Processing Parameters" button and this time enter (30, -30, 15) for the sensor location and again 
click on the "Use Location Values" flag. Now click to the LOS tab and either read in the calibration file 
for sensor 2 or manually enter the values for sensor 2, being sure to click Azimuth/Elevation in the Units 
section. Now go to the "Tracker" tab and click on the "Force Single Target Match" flag. 

Now click on the "Save Results" button and select "myC2.trk" as the track file for this image set. 
Click on the "Process" button to turn on processing and then click on the "Movie Loop" button to let 
Visual Fusion do the rest. Again you should see the target spiral toward the top of the image with a 
smooth track history tail behind it. When it finishes click "Process" to turn off the processing. 

Go to Review mode and when asked, enter the track file just created (myC2.trk). Save the target to a 
target file by clicking on the "Save Target" button and then clicking on the target. Select "myC2.trg" as 
the name for this target file. 

We are done with the imagery, so close the image window. You should now have just the main 

Visual Fusion window with no image windows left. Click on the "Review Targets" button  on the 
main Visual Fusion toolbar. When asked for a target file name select "myC1.trg" and the "Target 
Analysis” window wil l open (figure 7). At this point, if you did not enter the sensor location earlier, you 
would need to click the "Edit Target" button and go to the Sensor Location tab to enter it. Since we did 
this earlier this is unnecessary. Since we used an SVS format file with time stamps with each frame, we 
do not need to adjust the frame times. However, if we were using a sequence of TIF images we would 



Visual Fusion Tutorial for Version 3.0 26 

need to go to the "Adjust Time" in the Edit Target Values window. For the first target (myC1.trg) we 
would set the time / frame at 0.3333 and the first frame as 0 with a time of 0. We would have to repeat 
this process for the second target, but we would use a frame time of 0.02857 sec (1/ 35 fps) and a frame 
zero time of 0.01428 sec. 

In the "Target Analysis" window click on the "3D Position" button (you may wish to move the 
Target Analysis window out of the Visual Fusion window first to leave a clear working space). The "3D 
Analysis" window appears (figure 28) with the current target file (myC1.trg) in the file li st. We need at 
least one more target file (same target seen from another sensor) to perform the 3D analysis. Click on the 
"Add File" button and select the second target file (myC2.trg). 

 
Figure 28. 3D Analysis File Selection Window 

We can either click on "Plots" to see the 3D results, or we can save the 3D results to a file for use 
with other applications. Let's start by clicking on the "Save 3D" button. A file selection box will appear. 
Pick a file name, perhaps "c12.trg3d". Visual Fusion computes the 3D locations and saves the results to 
the ASCII file c12.trg3d. Since myC1.trg was our first target file, all other target files (in this case 
myC2.trg) are interpolated to the myC1.trg frame times and the 3D position estimates occur at the 
myC1.trg frame times. We can compare the output results in c12.trg3d with the "truth" positions from the 
simulation contained in myC1.txt. Note that if we had used myC2.trg as the first target file and added 
myC1.trg, then the results would be interpolated to the myC2.trg frame times and we should compare the 
results with myC2.txt. Comparing myC1.txt (truth) with c12.trg3d (results) you should find agreement to 
better than 0.1 meter (usually 0.01 m), for this 12 meter peak to peak motion seen from about 42 meters 
away. Of course this is with no error in sensor location, LOS, IFOV, and so on and with perfect (90 
degree) viewing geometry. You may want to experiment by repeating the processing using slightly 
erroneous sensor locations or LOS data to determine sensitivity. 

We have not produced 3D plots yet. We can do this either instead of or in addition to saving the 
results. So let's click on the "Plots" button now. The "3D Plot" window appears (figure 29). Since the x 
and y motion are the same (sinusoidal) but offset by 90 degrees, let's plot the x and z position. In the 
Position section click on "X" and "Z" and then click the "Plot Position" button. You should see the X 
position as a sinusoid around 0, while the Z position starts at 5 meters and increases linearly with time. 
You can use the plotting features to perform a least squares fit to the Z position and read out the slope 
(velocity), or perform a Fourier Transform on the X position data to determine the rotation rate. You can 
also return to the "3D Plot" window and select velocity plots, if desired. 
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Figure 29. Plot Selection Window 

Try clicking the “3D Plot” button to obtain a visualization of the full 3D trajectory (figure 30). Now 

click on the “Data Cursor” button  and notice that as you move the data cursor among the points, it 
provides visual cues to help you tell where the data points are located in 3D. Of course you can also read-
out the exact data values. 

 
Figure 30. 3D motion display plot 

 

2.7 6DOF ANALYSIS 
This example demonstrates the use of a single camera to determine the 6 Degree Of Freedom 

(6DOF) parameters of a known, rigid target. The 6DOF parameters are the three position parameters 
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(x,y,z) and the three orientation parameters (yaw, pitch, roll ). By known, rigid target we mean a target for 
which we can define a body centered coordinate system and track points on the target, which do not 
move relative to each other. The 6DOF analysis computes the translation of the body-centered coordinate 
system relative to the camera, and the angular rotation of the coordinate system relative to the camera. In 
order to perform this analysis, you must know the focal length of the lens, the pixel size (which can 
usually be computed from the imagery), and at least 4 non-coplanar points on the target. 

The example sequence is a set of simulated imagery showing a missile dropping away from an 
aircraft wing mount. The aim is to describe the motion of the missile relative to the wing. We describe 
the position of the track points relative to each other using ASCII “model” files. There is one for the wing 
and one for the missile. For your own applications you wil l need to create model files describing your 
targets, using a simple text editor such as Notepad. For this example, the focal length of the lens is 
32.004 mm. 

Start Visual Fusion. To open the image file either click on the “Open Image” icon  (the opening 
file folder) on the main VF toolbar or from the “File” pull down menu select “ Image Open” . The file 
selection box will appear with the SVS image file format as the default. Use the “Files of Type:” window 
at the bottom of the file selection box to select “AVI Files” . Now navigate to the “6DOFSeparation.avi” 
image file, which should be on the distribution CD in the “Samples/6DOF” directory. The image file 
should open and display an image in the window. 

To begin processing, switch to the "Processing" mode using the fourth drop down window on the 
Image Options Toolbar. For each of the 7 quadrant targets on the wing (TP1-TP4, WT1-WT3), click on 

the “Quad” target button  and then click on the target to place a quadrant pattern track gate. 

Figure 31. Stores Separation image 

In a similar manner place quadrant target track gates  on missile points TM2, TM3, and TM4. For 

the fin tips FT1 and FT3 (FT2 is not initially visible), click on the “Bright” target track gate button  
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and then click on the fin tip to place a track gate on FT1 and FT3. For each of these two gates, click the 

“Shrink Box” button  and then click on the gate to reduce its size. Now click on the “Edit Gate” 

button . In the “Edit Track Gate” window which appears (figure 32), set the “Threshold Method” to 
“Top N” , the “Relative” threshold value to 10 (pick the 10 brightest pixels in the track gate), turn off the 
“Box Location Fixed” option and turn on the “Combine Detection” option. Close the window by clicking 
“OK” . 

Figure 32. Setting Fin Tip track gate parameters 
 

We wil l not bother tracking TM5 and TM6 because they do not add significant information beyond 
what we get from FT1 and FT2. Also, we do not track TM1, the target on the missile nose. The reason 
for this is important to understand. The algorithmic requirement to perform the 6DOF analysis is to have 
at least 4 non-coplanar points. The degree of non-coplanar is measured among the track points. Since the 
points on the fins at the rear of the missile do not extend very far away from the center line of the missile, 
we do not want a track point a long distance away from those points along the center line. The effect of 
using the nose target would be to set the scale for non-coplanar as the length of the missile, rather than 
the separation of the fin tips. The result would be an unstable solution and large errors in position and 
orientation. 

Because the missile is stationary for several frames and then suddenly begins to move, we need to 

adjust the tracking parameters. Click on the “Processing Parameters” button , and go to the “Tracker” 
tab. Adjust the “Minimum Track Error” to 8 pixels for both dx and dy. Close the window by clicking 
“OK” . 

Next we click the “Save Results” button and select the name of a track file to which to save our 
processing results. You might want to click the “Display” button  and turn off the Extents and Outline 

display. Now click the “Process” button  to turn on processing. 
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Single step through the processing by clicking the right arrow on the frame slider bar, until you get 

to frame 18. Now place a “Bright” track gate  on FT2 which has just come into view. Reduce its size 

twice using the “Shrink Box” button  and adjust the track gate parameters as you did for FT1 and FT3, 

using the “Edit Gate” button . Now continue processing through frame 60 when the FT3 target just 

begins to leave the field of view. Click on the “Process” button  to turn the processing off and save the 
results. 

Switch to “Review” mode using the fourth drop down window on the Image Options Toolbar. When 
asked for the name of a track file, select the track file you just created in the “Processing”  step. 

It is now time to determine the sensor pixel size, a quantity needed to perform the 6DOF analysis. 

Click on the “Scaling” button  and the “2D Scaling” window should appear (figure 33). We know the 
relative positions of the targets on the missile (look at the ASCII “missile.model” file). In particular, we 
know that the nose target (TM1) is 4.550 m from the tail target (TM3). To perform the calibration we 

suggest you turn on the “Magnifier”  to aid in selecting the proper points. Now click on the “Point 1” 
button and click on the center of the TM1 target. Next click the “Point 2” button and click on the center 
of the TM2 button. Enter the “Separation” distance as 4550 mm and record the “Calibration” factor of 
12.1333 mm/pixel in the image plane. Since we only wanted to know the calibration factor to compute 
the physical pixel size on the focal plane, click “Cancel” to close the window. 

To compute the physical pixel size on the focal plane, we need to know the focal length of the lens 
and the sensor to target range for the frame we are using for calibration. The focal length is 32.004 mm 
and the sensor to target range is 12.744 m. The physical pixel size is then the mm/pixel calibration factor 
multiplied by the focal length of the lens and divided by the sensor to target range: size = calFactor * 
focalLength / range. The result is a physical pixel size of 30.46 um. 

Note that since the physical pixel size is a fixed parameter, characteristic of the sensor, this can be 
computed once in the laboratory and then used with all test sequences from that sensor. We performed 
the calibration using the image sequence to demonstrate the technique. 

Figure 33. Obtaining scaling to compute pixel size. 
We now need to save the time histories of each individual track point as separate named target files. 

First move the frame slider to some frame greater than 18 (so all targets are being tracked), maybe 
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something around frame 40-50. Now click on the “Save Target” button  and then click on the TP1 
target. Name the target tp1.trg (or some other name associated with the names in the model files). Repeat 
this process for all of the target on the wing and the missile. You are now finished with the basic 
detection and tracking and may proceed to the actual 6DOF calculation. 

Click on the “6DOF” button  on the main window toolbar. When asked for the name of a model 
file, select the “wing.model” file. Two windows appear. One is a 3D plot of the points in the model file 
which you should be able to recognize as the positions of the 8 points on the wing, with TP1 located at 
the origin. This window is intended just to help you ensure you have selected the correct file and that you 
properly configured your own model file. You may close the window. The “6DOF Target List” window 
(figure 34) is our main working window for the 6DOF analysis. Select the target files which correspond 
to the model points by double clicking on the model points in the window and then selecting the 
corresponding target file. Since we want to use TP1 as the point to which we measure the distance from 
the camera, select TP1 by single clicking, then click the “Select Origin” button. Next enter the Focal 
Length (32.004 mm) and the Pixel Size (30.46 um). For most optical system you can simply use the 
center pixel as the boresight pixel. Since our imagery is 760x525, we enter 360 and 262.5 as the 
boresight pixel. Finally we increase the default number of iterations to 10 and click “Compute”. 

Figure 34. 6DOF Target List window 
The “6DOF Plots” window (figure 35) appears. Select all of the 6DOF parameters (x,y,z and yaw, 

pitch, roll). Since the wing is not moving the “6DOF Plot” wil l be uninteresting and we do not select it. 
However, we do select “Save” to save the results as a “* .trg3d” file for later access. We also switch from 
Time to Frame number. Click “OK” and 2 plots will appear, one of the position versus time and one of 
the orientation versus time. When asked for the name of a 3D target file to save the results to, enter 
“wing.trg3d”. The orientation should have a yaw, pitch, and roll each equal to zero degrees. We see the 
result in this case to be less than 0.5 degrees for yaw and roll , but about -2.5 degrees for pitch. Truth for 
the wing position is x=-0.4736 m, y=12.8009 m, and z=1.1869 m. Clicking on the “Data Cursor”  on 
the position plot toolbar allows you to read-out the actual values. We see that we are within about 6 mm 
in x, about 10 cm in y (the range dimension), and about 3 mm in z. The 10 cm error in the y direction is at 
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a range of about 12.8 m, so this is less than 1% error in range. Since we are done with the wing, you may 
close the plots and click “Close” to close the “6DOF Target List” window. 

Again click the “6DOF” button  and this time select the “missile.model” file. Once you have 
convinced yourself that the 3D plot resembles the track points on the missile, you may close the plot 
window. This time we are not going to use all of the track points in the model file. We are only going to 
associate files with the track points we actually tracked: TM2, TM3, TM4, FT1, FT2, FT3. Also note that 
we are using FT2 even though it was only present for part of the time. This is not a problem for Visual 
Fusion, it automatically determines which track files contain valid data for each frame. Select TM2 as the 
origin, enter the focal length (32.004 mm), the pixel size (30.46 um), the boresight (360, 262.5) and 
increase the number of iterations to 10. Click “Compute” to open the plot window. 

Figure 35. 6DOF Plots selection window 
Select the position and orientation plots and “Save” . Save the results as “missile.trg3d” . Note that 

the missile maintains a constant x and y distance from the sensor, but drops in the z direction. Also, the 
yaw remains approximately zero which the pitch and roll i ncrease. 

We are now ready to examine separation distance of the missile (TM2) from the wing (TP1). Click 

the “3D Review” button  on the main window toolbar and select the “wing.trg3d” file when asked for 
a 3D target file. The “3D Review” window should appear (figure 36). You can select the x, y, z position 
plots to assure yourself that you can reproduce your previous plots of the wing position. However, our 
interest is in two target operations, so click on “2 Target Ops” and the “3D 2 Target Operations” window 
appears (figure 36). Click “Select 2nd File” and select the “missile.trg3d” file. Now select the x, y, and z 
separation distance and click “Plot Separation” A plot of the 3D separation distance between the two 
objects appears. 
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Figure 36. 3D Review window to review 3D target data 
 

2.8 GEOMETRIC LENS DISTORTION CORRECTION 
This demo is currently in preparation and should be available soon. Please contact us for the latest 

status information. 

2.9 AIRBAG ANALYSIS 
This example demonstrates generating an outline shape of an expanding object (airbag) defined by 

its edge profile. You will also generate plots of the leading edge position versus time and velocity versus 
position, as well as area versus time. 

Start Visual Fusion. To open the image file either click on the “Open Image” icon  (the opening 
file folder) on the main VF toolbar or from the “File” pull down menu select “ Image Open” . The file 
selection box wil l appear with the SVS image file format as the default. Navigate to the “airbag.svs” 
image file which should be on the distribution CD in the “Samples/2dsampls” directory. The image file 

should open and display an image in the window. Click the “Vertical Flip” button  to display the 
image right side up. 

Resize the image so the entire image is visible and change from “Display” to "Processing" mode 
using the fourth drop down window on the Image Options Toolbar. Advance the image display to frame 

13 and notice the horizontal lines near the bottom. Now click on the "Airbag" button  (fifth button on 
the Processing Control Toolbar) and place an airbag track gate on the image. Resize the track gate so it 
pretty much covers the image area of the image but excludes the text on the right side, the lines at the 
bottom, and the black border along the top. Resizing is done by right clicking in the track gate, while 
holding down the Shift key. Once you have sized the track gate, move the frame slider back to frame 1. 
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Adjust the threshold criteria by clicking the “Edit Gate” button  and clicking in the track gate. Set 
“Edge Enhancement” to “None”, “Threshold Method” to “Absolute” and the “Abs. High” value to “70” . 

Now click on "Save Results"  and choose a name for the track file, maybe "airbag.trk". Click on the 

"Display" button  and click off the "Extents", "Centroid", and "Tracks" flags so that only the 

"Outline" flag is still on. Close the window. Now click the "Process" button  to turn the processing it. 

After the first frame is processed, click on the "Movie Loop" button  and let Visual Fusion do the rest 
of the sequence (you may want to experiment with the threshold by opening the Edit Track Gate window 
and lowering the absolute threshold). Once it is done processing click "Process" to turn off the 
processing and go to Review mode. When asked for the track file name, select the name of the file just 
created (airbag.trk). 

Click on the "Airbag Analysis" button  on the Review mode tool bar. When the Airbag Analysis 
window (figure 37) opens, select a first frame value of 10, last frame of 20, and enter 2 in the Every Nth 
Frame box. Now click "Plot" and click on the airbag. An image window should appear (figure 38) 
showing the outline shape of the airbag in frames 10, 12, 14, 16, 18, and 20. 

 
Figure 37. Airbag Analysis Window 
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Figure 38. Airbag Contours 

Next we will perform a leading edge analysis on the airbag. Note that the demo sequence is not a 
very good sequence for analysis: the bag should be viewed from a side on position rather than from the 
approximately 45 degree view. Also, note that if we knew the dimensions of part of the inflator we could 
perform a 2D scaling prior to performing the leading edge analysis. We begin by selecting a reference 
point. The "D" on the side label is a good point. Click "New" and click on the "D". For now, use the 
default plot values: distance versus time. Click on "Plot" and then click on the airbag. A graph similar to 
figure 39 should appear. 

 
Figure 39. Leading Edge Position Versus Time 

With a better image sequence one might want to change to velocity versus distance and repeat. In 
the current example we let Visual Fusion select the absolute leading edge, but we could constrain it to the 
leading edge in a given direction, by specifying the angle. To do this, change from “Any Angle” to “This 
Angle” and click the “New” button. Now click somewhere in the image, perhaps the upper left corner. 
The leading edge will now be along the line from the reference point to this new point. 

The last thing we might want to examine is the airbag projected area versus time. In the standard 
Review mode “Graph Selections” box (figure 12), select “SNR and Npix” , then click on the “Plot 
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Target” button  and click in the image to obtain the plot. Note that SNR is plotted on the left axis and 
Area on the right axis. To just get a plot of Area versus time, first delete the SNR plot by clicking the 

“Delete” button  (since the SNR is the active data set). Now turn off the Legend by clicking off the 
“L” button. Finally, move the Area data set from the right to the left axis by right clicking on the data set 
caption (No. Pixels). In the window that appears, click on the option for “Left Axis” . 

2.10 RADIOMETRIC CALIBRATION 

2.10.1 Generate Calibration Files 
This example shows you how to generate the 2 point gain and offset calibration images using a set 

of uniform temperature images, and then how to use these gain and offset calibration images to perform 
radiometric calibration using both a resolved and unresolved target. The optical system parameters used 
for this example were a telescope focal length of 1 m, entrance aperture diameter of 2 m, pixel size of 1 
m square, a PSF of 2 m, a fill factor of 1, and a frame time of 1 sec. The optical passband was from 3 to 5 
microns. The target emissivity was 1, the range was 1 m, the projected area was 9 m2, and the 
temperature was 400 K. 

Begin by opening the "resTrgt.svs" file in the \Samples\Radiometry directory on the CDROM. Once 
the file is open, set the display mode to "Hist.Eq.". You should see a noisy image which is light at the 
top, dark at the bottom, with a bright target somewhat off  center (figure 40). The image (and all of the 
images in this radiometry section) were generated to simulate a sensor with a dark current which is 
uniform horizontally, but increases vertically. The sensor also has a responsivity (gain) which is uniform 
vertically, but which increases from left to right. Gaussian white noise is added to each image. 

 
Figure 40. resTrgt.svs image 

Note: depending on drive letter of your CDROM or if you have copied the examples files to a 
directory on your hard disk, you may need to edit the drive letters and path names contained in the 
calParam.txt in the file before proceeding. 

In the mode window, select "Cal Mode". Now click the "2 Point Cal" button  and select the 
calParam.txt file (in the \Samples\Radiometry directory, you may want to view this with a text editor 
since you will have to create your own versions of this with a text editor to calibrate your camera). The 
calibration parameters window appears. Note the upper and lower wavelengths are 5 and 3 µm. The other 
parameters are all 1 except the lens diameter which is 2 (the solid angle is computed, not an input 
parameter). These are the values that were used in generating the images in this example. Press 
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"Continue" and a file selection box will appear requesting the name to save the gain correction frame (an 
SVS format file). Pick a file name to save the gain correction image. Another file selection box will 
appear requesting the name to save the offset correction frame. Note that the existing calGain.svs and 
calOffset.svs files should be identical to your files - they were created using this process and may be used 
during the actual image processing to provide calibration. Finally, an information window should appear 
telling you the radiometric calibration factor to use with these files. For these particular files, the value 
should be R0 = 2.02663. The sample calParam.txt file uses three calibration files, t100.svs, t300.svs, and 
t500.svs. These files represent a constant temperature scene of 100, 300, and 500 degrees C as imaged by 
the model sensor with the dark current and responsivity described above. The attenuation file, atten.txt 
contains the (wavelength, transmission value) pairs describing the spectral response of the atmosphere, 
optics, and detector. 

The next step is to generate the black body calibration table for this waveband and temperature 
range. The target in resTrgt.svs (and the unresolved target in unresolv.svs) is a 400 C target. Begin by 

clicking the Black Body Table button  to open the Black Body File window. Enter the lower and 
upper wavelength limit in the wavelength section. The values used to create the calibration files were 3 
and 5 microns respectively. Since the range of calibration temperatures was 100 to 500 C, and the target 
is about 400 C, choose a lower temperature limit of 0 C and an upper limit 600 C. You can choose any 
temperature increment for the table (Visual Fusion performs a cubic spline interpolation between table 
values), but an increment of 0.1 or 1.0 C is recommended. Next select the same attenuation file used in 
the 2 point calibration process: atten.txt. You may click the Compute button or the Plot button if you 
would like to experiment with these functions. When you are ready, click Create and Visual Fusion will 
ask you for the name of the output black body table to create. An example table is supplied: 
cal_0_500_3_5.bb. You are free to choose your own naming convention but the convention used to 
create this table shows the lower temperature was 0 C and the upper temperature was 500 C while the 
wavelength band was 3 to 5 microns. 

You have completed the generation of the required calibration files and may now continue on to the 
actual processing and radiometric calibration of unknown targets. 

2.10.2 Process Resolved Target 
To perform frame wide or resolved object calibration, open the resTrgt.svs file and go to Process 

mode. Place a bright target gate  around the target. Now open the Processing Parameters  window 
and go to the Cal Files tab (figure 41). Either select your gain correction, offset correction, and black 
body table files, or used the sample file provided (calGain.svs, calOffset.svs, and cal_0_500_3_5.bb). If 
you wish to perform frame wide calibration, select an output calibrated image file name. Now switch to 
the Camera tab and enter the values in the parameter file: Frame time and integration time are 1 sec, focal 
length is 1000 mm, fill factor is 1, and the clear Aperture is 2000 mm. The Point Spread Function and 
Pixel Size are not used for frame or resolved object calibration, so they can be left with their default 
values. The static frame offset should be left as zero, since we are using the offset correction image (if 
we did not have an offset correction image we could use the result supplied by the Quick Cal method 
here). The Calibration factor is the number given by the 2 point calibration: 2.02663. For this example, 
select "Object" calibration (you can repeat later with Frame calibration), and select Units of 
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“Temperature” . Click “OK” to close the Processing Parameters window. Now select an output track file 

name by clicking on the Save Results button . Finally, turn on processing . Since there is only 
one frame, you can immediately turn the processing off and proceed to the Review mode. Select your 
output track file and then in the graph selections window select "Signature". Now select the target by 

clicking the "Plot Target" button  and then clicking on the target. A graph will appear showing both 
the average target temperature (average over all target pixels) and the peak target temperature. Both 
should be close to 400 C. 

Figure 41. Processing Option panels for radiometric calibration 

2.10.3 Process Unresolved Target 
Radiometric calibration of unresolved targets requires an additional step. Begin by selecting the 

unresolved target file, "unresolv.svs" and choosing Hist. Eq. for the display mode (figure 42). This image 
was created by taking the energy from a single target and dividing it among several pixels to simulate the 
effect of an optical point spread function. 

 
Figure 42. Unresolv.svs image 

As with the resolved target calibration, enter Process mode, place a light target box  on the 

target, and open the Processing Parameters  window. Go to the Cal Files tab and select the gain and 
offset images (you do not need the black body file at this time). Now go to the camera tab and enter the 
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same values as for the resolved object. However, this time, enter the pixel size as 1e6 um in each 
dimension and the PSF as 2e6 um in each dimension. Select the "PSF" calibration. The units do not 
matter at this point. The PSF calibration will sum all of the pixels in a 5x5 box around the target centroid, 
and then subtract the average background in order to determine the total target energy. Now continue as 

before, open an output track file, perform processing  on the single frame, and then go to Review 
mode. This time we do not want to look at the target signature since we have not completed the 
calibration. Save the target as a target file by clicking the Save Target button and then clicking on the 

target. You can close the image window and click on the Review Targets button . Select the target 
file you just saved and from the Target Analysis window select Radiometry. The Radiometry window 
will appear. Now select the Black Body file and choose Temperature for the units. The area for the 
simulation was 9 m2, the range was 1 m, the emissivity was 1 and the Telescope Diameter was 2 m. Click 
on the Plot button and a graph should appear showing the temperature to be 397 C (the actual 
temperature was 400 C). 

2.11 ADDING FRAME HEADER DATA TO AN SVS FORMAT FILE 
This example shows how to add frame by frame LOS and sensor location data to SVS format frame 

headers. If you are starting with non-SVS format imagery, such as TIF images or a BLD or AVI 
sequence, you must first open the non-SVS format image in Visual Fusion and then on the Image Options 
Toolbar, click on the "Save Image" button. Save the file in SVS format. Now you can close the old file 
and open the new SVS format file containing the same imagery. You are now ready to add frame by 
frame data to the frame headers. 

Note that if you use our VideoAcq video digitizing system, it is capable of automatically reading left 
edge bar codes containing time, azimuth and elevation data. This data is then automatically inserted into 
the frame headers during the digitizing process. Similarly, if you use the Visual Instrumentation 
Corporation 16-CVS film scanner to digitize film, that unit is capable of automatically decoding timing 
marks on the film and placing them in the frame headers. 

For this example we will use the "debris.svs" file, but since we will be writing to the frame headers, 
you must copy it off the CDROM onto your hard disk. Since the file is coming off the (read-only) 
CDROM, your system may set the file to read only on your hard disk. In this case you will need to 
change the access permissions to turn off read-only (Highlight the file in Windows Explorer, click on the 
file name with the right mouse button, and select Properties). Once you have done this, open the file and 
enter "Analysis" mode using the fourth drop down window on the Image Options Toolbar. Click on the 

"Edit Frame Headers" button  and the "Edit Frame Headers" window appears (figure 43). If the 
mount location and pointing were constant, we could open the "Constant Values" tab and enter the values 
by hand (which would then be placed in every frame), but we could also just specify them during the 
processing steps as already illustrated in the 3D example. Instead we are going to go to the "Dynamic 
Values" tab and read frame-by-frame data from an ASCII file. 
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Figure 43. Options for setting frame header values 
First go to the "Location" section of the "Dynamic Values" tab and select "Meters" for the units. 

Then click on "Read File". Select the file "loc.txt" in the \Samples\misc" directory on the CDROM. 
Visual Fusion will read the file, apply the information to the frame headers, and then report the number 
of entries in the file and the number which did not match any frames in the file. In this case there are 5 
entries in the file and 1 does not match any frame in the file. You might want to open the file loc.txt with 
a simple text editor and examine the contents. You wil l see four columns of numbers. The first is the 
frame number, and the next three are the x, y, z locations of the sensor. 

Now go to the "LOS" section of the "Dynamic Values" tab and select "Az/El" for the units (degrees 
are assumed). Now click the "Read File" button. When asked for a file, select the los.txt file containing 
frame number, azimuth, elevation, and roll angle. Again, Visual Fusion will read the file, apply the frame 
header information and report the number of entries in the file and the number of entries which don't 
match any frame numbers in the image file. As before there are 5 entries and one does not match. The 
valid entries were in frames (sequence number) 0, 12, 13, and 34. If you go any of those frames (with the 

frame scroll bar) and click on the "Frame Values" button  you should see the location and LOS values 
filled in. In all other frames the values should be unchanged from what they were before (0). 

Obviously you would never use just 5 values. You would take mount pointing data (LOS data) from 
the mount encoder and interpolate it to the frame times of the imagery. Your LOS file would then have 
one entry for every image frame. This example just demonstrates the technique. Probably the most 
common use of this capability would be for a tracking mount at a fixed location. In that case you might 
go to the "Constant Values" tab of the "Edit Frame Headers" window and enter the sensor location and 
units and apply that. The same sensor location would be placed in each frame header. Now you would go 
to the "Dynamic Values" tab and read the LOS file to place the changing LOS of the tracking mount in 
the frame headers. 

2.12 MANUAL TRACKING FOR VISUAL FUSION LITE 
This example demonstrates frame-by-frame manual tracking. There are some applications in which 

automatic target detection and automatic target tracking simply do not work, requiring much more 
intensive human operator involvement. Frame-by-frame manual target designation and tracking is 
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available in Visual Fusion for these diff icult situations. Note that manual tracking of some targets can be 
combined with automatic tracking of other targets, so that the human operator only has to concentrate on 
the problem targets. Also note that manual frame-by-frame target designation and tracking is the only 
target tracking option offered in Visual Fusion Lite – intended for the low volume user having only 
occasional data analysis needs. 

Start Visual Fusion. To open the image file either click on the “Open Image” icon  (the opening 
file folder) on the main VF toolbar or from the “File” pull down menu select “ Image Open” . The file 
selection box will appear with the SVS image file format as the default. Use the “Files of Type:” window 
at the bottom of the file selection box to select “AVI Files” . Now navigate to the “crash.avi” image file 
which should be on the distribution CD in the “Samples/2dsampls” directory. The image file should open 
and display an image in the window (figure 9). Note that we processed this image sequence using auto-
tracking of the quadrant patterns in section 2.2. While this tutorial will  only describe placing and using 
manual track gates, you may wish to place a few quadrant track gates in order to see how both manual 
and automatic tracking are accommodated in the same session. 

To enter the first phase of analysis, the main image processing step, click on the fourth window on 
the Image options Toolbar (this window show initially display “Display” ). From the drop down list select 
“Process” . Note that the Processing Control Toolbar appears. When performing manual tracking, precise 
gate placement is essential, so begin by turning on the magnifier window by clicking on the “Magnifier” 

button . Now place two manual track gates, one on the nose and one on a stationary point such as the 

front corner of the seat base, by clicking on the “Manual” track gate button  and then clicking on the 

point you wish to track. Now click on the “Save Results” button  to select an output track file to save 

the results. Now click on the “Process” button  to turn on processing. The results should appear 
similar to figure 44. You may wish to turn off some of the overlay display features such as the “extents” 
and possibly the “centroid” location, using the “Display” button , in order to better see where you are 
going to reposition the track gates. 
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Figure 44. Manual track gate initial placement 
Now click the right arrow on the frame slider bar to advance to the next frame and observe that the 

image display advances one frame and a window containing the text “Adjust Manual Mode Track Gates” 
appears. Manually reposition each manual track gate using the right mouse key (you probably do not 
need to adjust the position of the track gate on the stationary object in this example). Once you are done, 
click the frame advance arrow again and observe that the text window disappears and the image display 
is redrawn with the new track gate location. You are now ready to advance to the next frame and repeat 
the process. Continuing processing frames, either until the end of the sequence or for this tutorial, at least 
5-10 frames in order to have some head motion to plot. 

Once you have finished tracking the targets, turn off processing by clicking the “Process” button  
again, and then switch to “Review mode” on the Image Options toolbar. You can plot the nose position 

versus frame number by clicking on the “Plot Target” button  and then clicking on the nose. You can 

also perform a 2D scaling (using the “Scaling” button ) as described in section 2.2, or save the targets 

as individual target files for later analysis using the “Save Targets” button . Once you have saved the 
targets you can perform 2 target analysis, plotting the nose motion relative to the fixed seat location as 
described in section 2.2. 

 


