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1.0 Introduction 

1.1 Project Description 

This manual is prepared as documentation for the System for the Assessment of the 
Vehicle Motion Environment (SAVME) program sponsored by the National Highway 
Traffic Safety Administration (NHTSA). The project is a collaborative effort between the 
University of Michigan Transportation Research Institute (UMTRI), Nonlinear 
Dynamics, Inc., and the Automotive and Transportation Center (ATC) of ERIM 
International, a wholly-owned subsidiary of Veridian Corporation (contracts 
F0015 13(UMTRI) and DTNH22-99-H-07003(NHTSA)). 

SAVME is the successor to an earlier program, the Vehicle Motion Environment (VIME), 
also performed for NHTSA by UMTRI and ATC during 1992-1997. The VME program 
was designed to gather information about traffic flow and vehicle interaction along a 600 
foot length of roadway. The original study utilized laser sensors mounted on three towers 
set on mobile carts, and spaced 200 feet apart. Technical problems with the laser units 
resulted in a change in the approach in gathering data. The laser units were eliminatled as 
the method of collecting data and replaced with Pulnix digital cameras. Data were 
gathered and analyzed to determine the parameter limits of normal vehicle interactio~n and 
information on how a human driver guides a vehicle. 

Data in the original study required considerable "cleaning up" due to limitations of the 
computers and electronic hardware. To improve the quality of images being gathered, the 
current study uses upgraded Mutech framegrabbers, computers and high capacity hard 
drives to capture 10 images per second at a shutter speed of 1/250th of a second. The 
original study focused on light to normal traffic gathered during the afternoon. NHTSA 
wanted more information on heavy traffic flow, so the new target time became "rush 
hour". 

Today's SAVME data collection program incorporates other advances in technology to 
improve on the previous effort, including: changing the programming language from 
DOS to Windows NT for better ease of use, and upgrading the framegrabber computer 
and cable system for even greater image accuracy and equipment reliability. 

The information gathered in this study is valuable for use in a variety of applications, 
including the design of driver assistance systems, the study of normal driving behavior 
and the evaluation of specific roadsites for the description of accident-prone driving 
activity. 

This documentation is written in the form of an operator's manual with the intention of 
providing complete instructions for installing and operating the SAVME data collection 
system. Refer to Appendix A for a flowchart of the steps required to erect the tiowers, 
including installation of the camera and computer system. 



1.2 Equipment Description 

The System for the Assessment of the Vehicle Motion Environment (SAVME) project 
consists of electronic camera and computing equipment that was employed to take and 
store images of vehicles as they traverse a 600 ft. length of roadway in front of the ERIM 
International building in Ann Arbor, Michigan. The equipment consists of two 100 ft. 
towers spaced approximately 200 ft. apart on the front lawn of ERIM International. A 
digital camera is mounted at the top of each tower and is controlled by a computer in a 
cabinet at the base of the tower. The computer collects the images taken by the camera at 
a rate of 10 images per second. The computers in each tower are synchronized by a 
square wave generator that sends a 10 Hz square wave into a synchronizing input of a 
framegrabber board that is in each computer. 

Prior to collecting data the area being observed must be surveyed to correct for the visual 
distortions that exist in the wide-angle lens. Six special targets are put along the roadway 
to provide alignment information. 

A custom program was written to control the camera and store the image in a proprietary 
format (on hard disk) that was established during the previous VME program. A second 
program takes the data that is on hard disk and spools it off on a high capacity 8mrn tape. 



2.0 Operating Instructions 

2.1 Preparation 

2.1.1 Tower Placement 

The first step in the erection of the towers is to find a suitable location for them. It is 
preferable to erect the towers as close to the road as possible, while at the same time 
being aware of such obstacles as trees and power lines. In addition the towers must be far 
enough away from the road to allow for guy lines to be anchored into the ground. 

Figure 1 shows a schematic of the placement of the towers on the front lawn of EiRIM 
International. Note that the guy lines should be at roughly 120 degree angles from each 
other and extend outward 65 feet from the tower base. Also note that for optimum data 
coverage the towers are placed roughly 200 feet from each other. This gives a rela~iively 
wide length of the road to be observed, but at the same time allows for an area of overlap 
between the two camera images. This overlapping section is necessary to synchronize the 
data from each individual camera. Once a suitable location has been found the towers 
should be towed into the proper spot and positioned so that one side of the triangular 
tower infrastructure is parallel to the road. 

. _..I. --... ..-..- 
Coverage on Road 

mobile trailers between towers 

Figure 1. Tower Layout in Front of Veridian ERIM International on Plymouth Road 



2.1.2 Duckbills @ 

The towers are each anchored by three sets of four guy lines (each guy line goes to one of 
the four tower sections). The four guy lines are attached to a ground anchor that is driven 
into the ground. The ground anchor is a patented device called a Duckbill@. This 
Duckbill0 is driven into the ground and set as described below. 

After the towers are in position the next step is to sink the Duckbills@ which will then be 
used to anchor the guy lines. Each set of guy lines will tie into a single Duckbill@ and 
therefore only three Duckbills@ will be needed, one at each corner. As stated, the 
Duckbills@ should be sunk about 65 feet from the base of the tower and at about 120 
degrees from each other. Model 138 Duckbills@ were used to insure that they could hold 
up to the full tower tension without giving way. The 138 Model is the heaviest duty 
Duckbill@ on the market and must be buried 5 feet deep, but can accommodate roughly 
5000 pounds of force. In order to sink the Duckbills0 to that depth an electric pavement 
breaker and a PR-2 shank were used. 

Once the Duckbills@ have been sunk to their necessary depth they must be set to their 
load lock position. This is accomplished by applying a force to the Duckbill@ cable to 
rotate the anchor portion into position. In order to apply the necessary 5000 pound force 
a hydraulic jacking mechanism was needed as shown in Figure 2. The Duckbill@ cable 
eye is hooked onto the mechanism and the jack is raised, thus applying a force to the 
anchor portion. The jack should continue to pull the cable out of the ground until a force 
of 5000 pounds has been reached on the gauge. Roughly 18" of cable will have been 
pulled out of the ground to reach this force, but once it is reached the Duckbill@ is set 
and no further testing has to be performed. After each Duckbill@ has been set to 5000 
lbs. the anchoring for the guy lines is in place. 

In addition to the guy lines, Duckbillso are also used to anchor the cart. The lighter duty 
88 Model Duckbill@ is used for this application. Each cart should have four of these 
Duckbills@ positioned in the four corners of the cart, approximately four feet from it. 
These Duckbills@ should be completely sunk into the ground so that only the loop of the 
cable is exposed. These Duckbills@ can be sunk by hand, using a sledgehammer and the 
driving rod that came with them. Once the Duckbills@ are in the ground they must be 
locked into position. To accomplish this the jack is once again used; this time, though, 
only 500 psi is needed to lock the Duckbills@ into position. About 12" of cable should be 
out of the ground when these Duckbills@ are set. 



Figure 2 

2.1.3 Safety Stop 

In order to take some of the weight off the tower extension cable, pulleys, and rungs, the 
towers have a type of safety stop mechanism to distribute the weight directly onto the 
frame. The safety stop is installed near the top of the lowest frame section. There are two 
holes in the frame section in which the main support bar of the safety stop is to be 
inserted. The arm that the nylon cord attaches to is on the left-hand side when viewed 
from the cart (see Figure 3). Once the safety stop is in between the two holes the plastic 
spacers are installed from the outside and fill the gap between the bar and the holes. Next 
the washer is placed around the bar and finally a retainer pin is pushed through the holes 
in the bar to keep everything secure. This is to be performed on both sides of the bar'. 

The safety stop stays in position by a spring that attaches to the tower frame on one end 
and the safety stop arm on the other. The frame itself has a small hole in it and one end of 
the spring is simply inserted into it. To attach the spring to the arm first a pin must be 
placed through the holes in it. Then the end of the spring is inserted through the eye of 
the pin. Once the spring is in place the safety stop will naturally want to stay in the 
support position, so in order to disengage it a nylon cord must be attached to the arm. 
This cord should be roughly 25 feet long with one end tied onto the s-hook that is 
attached to the arm and the other end hanging free. When this cord is pulled, the arm will 
swing out of the support position so that the tower can be lowered. See Figure 4 for a 
view of attachments to the arm. 



Figure 3 

Figure 4 



2.1.4 Guy Lines 

In addition to the safety stop, the guy lines must also be attached to the tower while: it is 
still in the horizontal attitude. Four guy lines are to be attached in each of the tower 
corners for a total of twelve guy lines. All cables are attached to the guy line ears, on the 
tower frame, with a saddle bolt. The red guy lines are attached to the lowest tower 
section. The green guy lines are attached to the next lowest section. Then the blue guy 
lines are attached after that and finally the yellow ones are attached to the highest tower 
section. For an illustration of how the guy lines are attached to the frame and for a view 
of the color scheme, see Figure 5. 

Figure 5 

2.1.5 Camera and Panmilt Unit 

Before the tower can be raised the camera must be attached and all wire connections 
made. In order for the camera not to fog up it should first be pressurized with dry 
nitrogen within the enclosure. The camera enclosure should only be filled to a maximum 
of 5 psi. This can be accomplished by pressurizing the enclosure with nitrogen and then 
emptying it. Repeat this cycle of filling and de-pressurizing four times; when you 
pressurize the enclosure again it should be sufficiently pure nitrogen. 

Once the cameras have been pressurized they are ready to be mounted on the towers. The 
camera enclosure simply slips in between the adjustable bands on the padtilt unit and, 
once those are tightened, it should be securely in place. Before the bands are completely 
tightened make sure that the base of the camera is parallel to the padtilt unit i d  the 
camera enclosure is roughly centered on the unit. Once the camera is in place the cables 
can be connected to the camera and to the panltilt unit to make them operational, For a 
view of all connections see Figure 6. 



Figure 6 

2.1.6 Grounding 

At this time it would also be a good idea to make sure the tower is properly grounded. To 
accomplish this a grounding rod that is available from Aluma Tower (see Appendix E for 
contact) must be sunk into the ground approximately four feet from the base of the tower. 
It should be sunk to a depth so that only about four feet of it remain above ground. The 
easiest way to do this is by simply hammering the rod into the ground with a sledge 
hammer. Once the rod is in place, grounding clamps should be placed on the grounding 
rod (Figure 7) and on the square section of the cart frame (Figure 8). The grounding wire 
should then be run between the frame and the round; it should be clamped to each as 
shown in Figure 9. With the tower properly grounded there is now less of a chance of 
damage to the equipment if the tower were to be struck by lightning or become energized 
in some other manner. 



Figure 7 

Figure 8 



Figure 9 

2.1.7 Cable Connections/Computer Setup 

2.1.7.1 Safety Check 

Before making any connections to the bulkhead on the cart enclosure it is a good idea to 
examine the wiring within the enclosure to make sure that none of it is faulty or frayed, 
thus avoiding possible problems. Also verify that the circuit breakers are working and are 
not overloaded. Check on the sturdiness of the frame that the computer will sit on. Verify 
that it still has the integrity to hold both a computer and a monitor, both of which are 
fairly heavy objects. 

2.1.7.2 Computer Installation 

The monitor, mini-tower, keyboard, mouse, and tape drive all must be placed within the 
cart enclosure on the metal rack. The monitor goes on the top shelf with the tape drive 
right next to it on one side and the mouse on the other. When the mini-tower is on its 
side, it fits in the shelf below. Then the keyboard fits in the keyboard tray. Figure 10 
shows the computer installation. All peripherals are connected in the normal fashion as 
shown in Figure 11. The mouse and keyboard cables plug into their respective locations, 
the monitor goes into the blue 15-pin connector and the tape drive cable goes into the 
SCSI connector. All power cords are then plugged into the surge protectors below the 
circuit breakers. 



Figure 10 

Figure 11 

2.1.7.3 Wiring Information 

For information concerning which cable wires control a particular function, or to see how 
all the wiring connects together, see Appendix B. 



2.1.7.4 Enclosure Camera Cable Connection 

In addition to the computer peripherals, a cable for the camera must also be connected to 
the computer. This cable is black and about 6 feet long. The end of this cable with the 51- 
pin connector plugs into the MutechB card in the computer. The other end of that cable is 
connected to the bulkhead in one of the circular openings. The shon gray cable coming 
off of the bulkhead side main cable is to be connected to the joystick for the pan and tilt 
unit. The sync generator ties into the short black cable with the DB-9 connector. Finally, 
the twisted white and black wires with the MolexB connector are for camera power and 
should be plugged into the MolexB connector on the twisted black and red or shielded 
gray cable that is connected to the 12 V power supply. 

2.1.7.5 Tower Camera Cable 

The multi-conductor, shielded, 100 ft gray cable running up the length of the tower has 
one end (a 37-pin female connector) connected to the camera enclosure. The other end 
has a round 37-pin male connector. The 37-pin male connector mounts into the bulkhead 
where the black camera cable is already connected. After this is plugged in, the cable is 
now connected from the camera all the way to the computer. 

2.1.7.6 Main Power 

In order for the camera, the computer and all the other equipment to work power must 
first be supplied to the cart cabinet. The cabinet runs off of 240 volt AC and from there 
the voltage is stepped down within the cabinet to 120, 12, and 5 volts. In order to supply 
the 240 volts for the cabinet a cord must be plugged into any 240 volt source and then 
connected to the cabinet where it says Main Power. Once this cord is connected all the 
electrical components within the cabinet should be set to go. 

2.1.7.7 Sync Pulse Generator 

For proper data analysis it is essential that both cameras take images at precisely the same 
time. To accomplish this, the cameras must be linked together with a 0 to 5 volt square 
wave from a signal generator. This is used as a trigger to the framegrabber board in each 
tower. Only one generator is necessary; this generator can be placed in either tower 
cabinet. There is a Y-type cable that has a BNC connector on one side. It then splits into 
two parts, with a male DB-9 connector on the end of both parts. One of the DB-9 
connectors plugs into a female DB-9 on the Enclosure Camera Cable. This connection is 
shown in Figure 12. 



Figure 12 

The other section of the cable with a male DB-9 connector is plugged into the extension 
cable that runs between the two towers. This extension cable is about 200 feet long and 
has a male DB-9 on one end and a female DB-9 on the other. The female end connects to 
the male DB-9 within the cabinet that has the generator and the male end connects ito the 
Enclosure Camera Cable in the other tower's cabinet. 

2.1.7.8 Panflilt Cable Connection 

The pan and tilt unit has its own 100' cable that is separate from the camera's 100' cable. 
The pan and tilt cable is the narrower of the two gray cables that run up the length of the 
tower. It connects to the pan and tilt unit at the top of the tower and is connected to the 
pan and tilt control unit on the other end. Figure 13 and Figure 14 show the end that is 
connected to the pan and tilt control unit that has the joystick to control the pan and tilt 



Figure 13 

Figure 14 

unit. The joystick should only be connected when the unit has to be moved, because 
otherwise there is the possibility that the pan and tilt unit could become unaligned during 
data collection. 



2.2 Erecting Towers 

2.2.1 Preparation for Raising the Tower 

Before the tower can be raised into position some preparations must first be made to 
ensure everything runs smoothly. It is suggested that a crew of at least four be used ,when 
raising the tower, one person working the winch and the other three each on their own set 
of guy wires. Also it is not advisable to try and raise the tower when there is a strong 
wind, because when the tower is in the process of going up there is nothing anchoring it 
down yet; therefore, it would have a tendency to sway and possibly tip over. In order to 
provide a more solid foundation the jacks in each of the four corners of the cart should be 
lowered to take the weight off of the wheels, and the support legs should be swung out to 
their full length and angled somewhat towards the front of the cart. Once this is done the 
cart should have a solid foundation and not be as likely to roll. 

A few tools are also necessary to raise and anchor the tower. A 7/16" socket with a 
ratchet or nut driver is necessary. At least three of these are desirable since they are: used 
to tighten the U-Bolts that control the guy line lengths. Then the guy lines in all three 
corners can be lengthened simultaneously. A 1 1/16" socket is also necessary for 
tightening the nut that locks the tower into the vertical position. Finally, the electric 
winch requires a car battery for power. 

2.2.2 Rotating the Tower Vertically 

Before the tower can be raised, it must first be rotated off the cart and into a vertical 
position. The hand winch at the rear of the cart is used to swing the tower upright. Before 
any cranking of the hand winch though, make sure that all guy lines are not tangled on 
anything or will become snagged if the tower is swung upward. If there are not any 
possible problems then the tower is ready and someone can start using the hand winch to 
crank it into position as shown in Figure 15. Once the tower is in the completely vertical 
position it should be connected to the rear of the cart via the nut and bolt attached to the 
tower framework. This is where the 1 1/16" socket is necessary as demonstrated in 
Figure 16. Once the nut is secured the tower is all set in the vertical position. 



Figure 15 

Figure 16 

2.2.3 Leveling the Tower 

It is very important that the tower remain level at all times, both for structural stability 
and to receive accurate camera data. The level on the cart is not very useful and therefore 



a separate carpenter's level is necessary. Check to see if the tower is completely vertical 
by placing the level against the tower framework as shown in Figure 17. If the tower is 
not level the jack legs supporting the cart must be raised or lowered to level the cart and 
thus the tower. To raise the jack legs spin the jack handle clockwise, and to lower, spin 
counterclockwise as shown in Figure 18. 

Figure 17 

Figure 18 

25 



2.2.4 Cart Guy Lines 

Once the tower is level the cart should be anchored down with cabling running from the 
cart to the small Duckbill@ at each of its four corners. A five foot cable should be run 
between the eyebolt on the cart and the eyelet of the Duckbill@ cable. The cable should 
be threaded through the Duckbill@ eyelet and clamped to make a loop using U-bolts. The 
other side of the cable should also be made into a loop and attached to the eyebolt on the 
cart using a turnbuckle with hooks on both ends. Figure 19 gives a clear illustration of 
how the cabling should look when completed. Once all the cabling is properly in place 
the turnbuckle should be used to tension the cables to about 70 pounds. After all the 
turnbuckles have been tensioned, check to make sure the tower is still level. 

Figure 19 

2.2.5 Lowest Tower Guy Lines 

Now that everything is anchored with the cart, it is important to attach the guy lines for 
the lowest section of the tower. This helps to reduce sway as the tower is being raised. 
The cables that have the red tape on them are the ones attached to the lowest section of 
the tower. These cables should be threaded through the eyelet on the turnbuckle that is 
attached to the bottom bolt on the A-frame. The cable should be pulled taunt as shown in 
Figure 20 and then clamped together with U-bolts. 

Once the cables are taunt at all three Duckbill@ sites the cables are ready to be tensioned. 
The tensioning should occur simultaneously on all cables and, therefore, this step requires 



at least three people. It is essential that the cables be tensioned at the same rate in order 
not to pull the tower off center. The cables should be tensioned to about 60 pounds. 

Figure 20 

2.2.6 Electric Winch 

Now that the tower is properly anchored it is time to actually raise it; this is accomplished 
by the electric winch near the bottom of the tower. The winch runs off of a simple 12-volt 
car battery with power connections as shown in Figure 21. It is very important that the 
connections are made correctly with the black wire connected to the negative terminal 
and the white wire connected to the positive terminal. If the connections are not made 
properly the joystick's polarity will be switched; moving up on the joystick will move the 
tower downward and vice versa. This could cause excessive damage to the tower if it is 
overextended and therefore it is extremely necessary to make sure the connections are 
made correctly. Even if the connections are made properly there is still some risk of 
overextending and damaging the tower if it is pushed beyond its height restrictioms. To 
avoid this possible problem the tower should be marked so that it is easy to tell when it 
has reached its maximum height. The best way to accomplish this is to put a piece of tape 
over the second lowest tower section six feet from the bottom of the tower as shown in 
Figure 22. 

The actual process of raising the tower is fairly simple. The winch control is !rimply 
placed in the up position and from there the tower will start to extend. The extension 
process is rather time consuming, taking at least ten minutes to reach its full height. 
While it is being raised the upper sections are not anchored in any way and therefore it is 
important that someone is at each set of guy lines to steady the tower. It is also a good 
idea to make sure that the guy lines do not get tangled, because the higher the tower goes 
the harder it will be to untangle them. Once the taped area of the second lowest section 
reaches the top rung of the bottom section, as shown in Figure 23, the tower has reached 
its maximum workable height. At this time a piece of tape should also be wrapped around 
the winch cable as illustrated in Figure 24. In the future when the operator has to re-raise 



the tower he knows when it is at its maximum height simply by looking at the winch 
rather then having to leave the winch control to observe the tower height. 

Figure 21 

Figure 22 



Figure 23 

Figure 24 

2.2.7 Upper Guy Lines 

Once the tower is at its extended height of 100 feet the rest of the guy lines must be 
tensioned. The best method is to work from the bottom up, taking care to adjust the 



tension of all guy lines, on the same level, at the same time. The color scheme order of 
the guy lines from bottom to top is red, green, blue, and yellow, with the red cables 
already having been tensioned. The process of tensioning the other lines is identical to 
that performed on the red guy lines. The cables should be attached to the A-frame in 
progressive order from the bottom up; red, green, blue, then yellow being attached to the 
top turnbuckle. First the cables must be threaded through the eyes on their respective 
turnbuckles. Then the cable should be pulled taunt and U-bolts should be used to clamp it 
together to an eyelet that is linked to the eye on the turnbuckle. 

Once this is accomplished in all three corners the guy lines are ready to be tensioned. 
Remember it is important to tension each corner at the same time so as not to de-center or 
twist the tower in any way. The upper cables only need to be tensioned to roughly 50 
pounds, so there is little chance of doing any major damage to the tower unless one of 
the cables is really over tensioned. This tensioning process should be done to each upper 
layer of guy lines setting them each for about 50 pounds. Once all the guy lines are 
tensioned the tower is completely anchored and should be able to withstand all but 
extreme weather conditions. In summary, the tension should now be 60 pounds in the 
lower layer of 3 cables and 50 pounds in the upper 3 layers of cables. 

2.3 System Operation 

2.3.1 Overview 

All necessary software should already be pre-installed on the two computers with links 
set up on the desktop for easy access to the programs. The two programs that are 
pertinent to the project are vme2,exe and bmptotape,exe. In addition the program 
readimagesexe can be helpful because it allows images within the img files to be 
viewed. With these three programs all the essential data collection tasks can be 
performed. See Appendix D for specific hardware and software requirements. 

2.3.2 Daily Procedures 

Every morning the targets have to be placed in their proper locations on the side of the 
road. Then the tapes from the previous day's recording have to be removed from the tape 
drive. Next the cable coming out of the function generator must be disconnected from the 
function generator. The data in the VME Data folder from the previous day's collection 
must be deleted to free up space on the hard drive. Once the data are deleted the computer 
is set to start taking new data. Run the program vme2.exe on both machines and then plug 
the cable back into the sync generator to start taking data. Allow it to collect data for 
about four hours. After four hours stop data collection on both towers and prepare to copy 
it to tape. First, make sure the tape to be used is properly labeled. Then insert the tape 
into the tape drive and allow it to load. Once the tape is fully loaded run bmptotape.exe. It 
will take about two hours to transfer all the data to the tape for four hours worth of 
collection time. Close off the tape after all the data files have been stored on it and 
remove it from the tape drive. After the data are successfully on the tape delete the data 
files from the hard drive and unplug the cable from the sync generator again. In the 
evening come back out to start taking additional data. Follow the procedures from 



running vme2.exe onward. This time, though, while bmptotape.exe is saving the files to 
the tape drive, bring the targets in from the side of the road and lock up the towers fair the 
night. 

2.3.2.1 Startup Procedures 

1) Turn on both computers 

2) The computer in Station 1 requires you to press the <F1> key after the: 
BIOS loads in order to continue loading Windows 

3) After Windows loads press the <Ctrl>, <Alt>, and <Delete> keys all at 
once in order to log on 

4) The username is Administrator and the password is vme (all lower case) 

5) The computer in Station 2 will probably give an error message saying "At 
least one service or driver failed during system startup. Use Event Viewer 
to examine the event log for details." The reason for this message is that a 
Zip drive (that is not being used during data collection) still has its driiver 
loaded on the computer. This message can be ignored, so simply press 
okay. 

6) Windows NT will then be loaded and the machine will be all set to go. 

2.3.2.2 Program Vme2.exe 

1) To collect data the program Vme2.exe must be running 

2) In order to start up this program double click on the desktop link labeled 
"Shortcut to Vme2" 

3) This will start up the program and allow you to start taking data 

4) To initiate data collection click on "Just Do It!" 

5) This will bring up a window to load a config file. Select Tm9700-trigini 
and press OPEN 

6) Now a window will come up to select a location to save the image files. 
Select the D: drive and then the folder VME Data 

7) Once in the VME Data folder, enter a new file name and press SAVE 

8) Once SAVE is pressed the program will start gathering data and saving it 
into the VME Data folder in the D: drive with the file name you chose 

9) After you are finished collecting data click on "Stop It!" 



2.3.2.3 Program Bmptotape.exe 

To transfer image files from the hard drive to the tape the program 
bmptotape.exe is used 

To start the program double click on the link on the desktop name 
"Shortcut to Bmptotape.exeV 

Clicking on this shortcut will start the program and allow you to choose 
which files to send to tape. 

To select the starting image file, click on the gth button on the taskbar. The 
button should have a picture of a house with a tree and the sun on it 

Clicking on the button allows you to select the starting .img file. Select the 
D: drive and then the VME Data folder 

Choose the first .img file for the data series and press OPEN 

After a .img file has been selected click on the gth button on the taskbar. It 
looks just like the image file selection button except it has an arrow 
pointing to a picture of a tape drive 

After pushing the button, you may get a message telling you the media in 
the drive has changed, or something similar to that. Click OK and then 
click OK again to reinitialize the drive 

A window will then pop up so that you can add a tape header. Under 
Image Comments enter the date and time for which the data were acquired 

Under Weather Comments put information pertaining to the weather 
conditions for the time period of data collection 

Finally, enter the station number and press YES. The files will then be 
written to the tape 

It takes about 30 seconds for each file to be transferred to the tape. When 
all the files have been transferred the tape drive will say IDLE and in the 
program under Activity it will say "Finished Loading" and then the name 
of the last file in the series 

Once all the files have been transferred to the tape click the loth button to 
close the tape. This button looks just like the 9' button only it has a red X 
through it. 

After clicking on this button select YES for an end of tape marker; then the 
tape is all set to be removed. 



2.4 Removing Equipment 

2.4.1 Preparation for Disassembling the System 

After all the data have been gathered for a certain location it becomes essential to remove 
the towers and other equipment so that they can be moved to a different area to gather 
new data. There is a small level of hazard when the towers are lowered and then removed 
and therefore proper safety equipment should be worn at all times, and safety procedures 
should be followed closely. In order to avoid possible electric shock to the equipment or 
crew, all power cords to the tower cart should be disconnected before any work is done 
on the tower. This will consist of shutting down all computer equipment and then 
removing the 240-volt Main Power cord. Once power to the cart has been removed it 
should be safe to lower the tower. 

2.4.2 Lowering the Tower 

The process of lowering the tower is identical to that of raising it, only this time iin the 
opposite direction. The electric winch must once again be hooked up to the car battery 
and then through the raisingtlowering control. During the disassembly process it is even 
more essential that the leads on the battery be hooked up correctly. Since the toweir is at 
such a high height it can be hard to gauge if it is moving up or down by simply looking at 
it, and if the leads are switched and you accidentally raise the tower when you should be 
lowering it, you can very easily overextend it and cause some major damage. Make sure 
the black wire of the controller unit is connected to the negative terminal and the white 
wire is connected to the positive terminal as shown in Figure 21. Once the battery is 
connected the safety stop must be disengaged so that the tower can be lowered. To 
accomplish this, raise the tower the slightest amount and then pull on the nylon cord 
attached to the safety stop. For convenience it is a good idea to tie off the safety stop cord 
at its disengaged length so that it does not accidentally become engaged again when the 
tower is being lowered. Once the safety stop has been disengaged the tower is all set to be 
lowered. 

The lowering of the tower simply requires an operator to turn the controller to the down 
position until the tower has reached its minimal height. While the tower is being lowered, 
though, other members of the crew should be making sure that the guy lines do not 
become snagged on anything and remain taunt to keep the tower from swaying. It is easy 
to tell when the tower has been lowered as far as it will go because the winch cablie will 
start to slack if the controller is still in the down position. Once the cable starts to slack, 
stop lowering the tower and then put the controller in the up position to remove the slack 
from the winch cable. 

2.4.3 Guy Lines 

Once the tower is at its lowest height the guy lines are no longer necessary and therefore 
should be removed so that they do not snag on anything as the tower is returned1 to its 
cradle on the cart. Simply disconnect all guy lines from the A-Frames and then 
disconnect the A-Frames from the Duckbills@. 



2.4.4 Returning the Tower to the Cradle 

After the guy lines are removed the tower can once again be returned to its horizontal 
position on the cart's cradle. First the nut anchoring the tower to the frame must be 
removed as shown in Figure 16. Once this bolt is removed the tower can be cranked in a 
counter clockwise direction, shown in Figure 15, to lower the tower onto the cradle. It is 
important that the tower is cranked down smoothly to limit the amount of vibration and 
stress on the cable and on the eyebolt that the cable threads through. When the tower is 
nearly horizontal someone should position it so that it fits onto the cradle perfectly within 
the short walls on either side. Once the hand crank cable starts to slack the tower can be 
lowered no further and is in the horizontal position, so no further cranking is necessary. 
When the tower is on the cradle the yellow cord at the cradle support can be looped 
around the tower to attach it to the cradle. 

2.4.5 Equipment Removal 

With the tower in the horizontal position the electronic equipment can then be removed. 
All cables should be disconnected from the computer equipment and then the computer 
equipment should be removed from the enclosure. The 200-foot cable running between 
the two towers can be disconnected and rolled up for storage on one of the carts. The 
function generator should be removed from the tower that it was in and placed with the 
computers. The cameras can be removed from their pan and tilt units and also stored with 
the computers. Each tower's hundred-foot cable should be removed from the tower by 
cutting all the tension ties holding it to the top section of the tower, and then the cables 
should be rolled up and stored in the toolbox on the cart. The short black cable that 
connected the computer to the bulkhead can remain within the enclosure. This is the only 
piece of equipment or cabling, though, that should remain in the enclosure; all other 
computer equipment and cables should be removed. 

The cables connected to the cart, shown in Figure 19, should be disconnected from both 
the cart and their Duckbills@ and then stored in the toolbox on the cart. The guy lines 
connected to the tower can also be removed from the ears where they are connected, 
shown in Figure 5, and then rolled up neatly to be placed in the cart toolbox for storage. 
After all guy lines and cabling are removed from the Duckbills@, they are to be buried in 
case the towers are ever needed to take further data at the same location. 

2.4.7 Lowering the Cart 

Once all the cart anchoring cables are removed the cart should be lowered from its 
elevated position back onto its wheels. The front-wheeled jack should be in the vertical 
position and lowered so that the front of the cart does not contact the ground. Once the 
wheeled jack is in position the other jacks can be turned counter clockwise, Figure 18, to 
lower the cart. When the jacks are lowered far enough and the cart is simply resting on its 
wheels, the jacks should be swung upward so that they do not interfere. 



2.4.8 Moving the Carts 

After all the equipment has been removed the towers can be moved to their next 1oc;ation. 
All that is required to move the carts is a vehicle with a ball socket for towing. Simply 
maneuver the vehicle to the proper location and lower the cart tongue onto the: ball 
socket, make all necessary attachments, raise the wheeled jack, and the carts are all set to 
move. 





3.0 System Maintenance and Troubleshooting 

3.1 Mechanical Devices 

3.1.1 Winches 

The winches are very essential for the raising and lowering of the tower and therefore it is 
essential that they be in top working order. The electric winches are naturally noisy, but if 
they seem to be especially loud, something may not be functioning properly and therefore 
it is necessary to examine the internal workings of the winch. To remove the outer shell 
of the electric winch the two long screws need to be removed and then the casing will 
come right off and the inner workings can be examined. In most cases the gears simply 
need to be lubricated. 

The best lubrication method is to use a spray-on lithium grease and simply c0a.t the 
surfaces of the gears as best you can. While the outer covering is off, though, it is a good 
idea to check and make sure that there are not any twigs or other small objects that may 
be in the gears, and also make sure none of the gear teeth are broken. The winch cable 
should also be inspected to insure that it is not frayed or otherwise damaged in any way. 
Once the inspection is complete and the gears are properly lubricated the cover cim be 
replaced and the winch should then once again be in working order. 

3.1.2 Tower 

It is important to inspect the tower before raising it to make sure that none of the 
aluminum bars are bent or otherwise deformed. If the tower appears to be in any wa.y not 
structurally sound, then it should not be raised without first being fixed or replaced. Once 
the tower is up it is still important to visibly inspect the tower for signs of damage, and if 
any are found, the towers should be lowered immediately to avoid any mishaps. 

3.1.3 Guy Lines 

Since the guy lines keep the tower from leaning and swaying it is necessary that they stay 
taunt at all times. They should remain at a tension of about 50 pounds. In addition to 
remaining taunt the guy lines should also be checked to make sure that they are not 
frayed or show any other type of physical degradation. If the guy lines do appear to have 
imperfections the tower should be lowered and any damaged cables should be replaced. 

3.2 Electronic Devices 

3.2.1 Power Check 

If any of the electronic equipment appears not to be functioning the very first check 
should be to make sure that everything is properly plugged in and has power. This 
includes checking that each individual device is plugged into the power strip, but also 
that the 240-volt line is properly connected and plugged into a 240-volt source. If all1 the 
power cords are properly connected and still devices will not turn on, the circuit bre:akers 



should be inspected to make sure none of them have been tripped. If a circuit breaker has 
been tripped try to isolate the source of the problem before turning it back on to make 
sure it does not become overloaded again. 

3.2.2 Function Generator 

If all the instrumentation is properly powered and the system still does not work, the next 
most likely source of problems is the function generator. Since the cable coming out of 
the function generator is repeatably connected and removed to control the data 
acquisition to make sure both computers are synced up, the problem may be as simple as 
the cable not being plugged in when it is supposed to be. If the cable is connected and the 
data acquisition is still not working, then the settings on the function generator should be 
checked. It should be producing a square wave signal at a frequency of 10 Hz and should 
go from 0 to 5 volts. 

3.2.3 Power Supply 

If the function generator is working properly, but the system as a whole is still not 
functioning the next step is to check the power supply that provides the cameras with 
their 12-volt power. Make sure that the power supply is plugged in and the 12-volt and 
ground lines are connected to their proper terminals. If all the connections are properly 
made, but the system still is not working the power supply may not be functioning. Use a 
multimeter to check that the power supply is in fact giving a 12-volt and a ground signal 
when properly plugged in. If it is not, the power supply is faulty and should be replaced. 

3.2.4 Computer 

If an attempt is made to stop image collection or exit the program with the synchronizing 
square wave signal disconnected, the computer will freeze. In order to shut down the 
computer properly, these frozen programs must be closed. To close out the frozen 
programs press <Ctrl>, <Alt> and <Delete> keys all at once and then choose the Task 
Manager. Once in Task Manager select the Applications tab and then select the tasks 
(programs) whose status is Not Responding. Press the End Task button and then select 
End Task again. Sometimes rather then just a single program freezing up, the entire 
computer will freeze. If this happens the computer should be shut down and then 
restarted. If it cannot be shut down the usual way it may be necessary to push the power 
button to power it down manually. On very rare occasions it may even be necessary to 
pull the plug to the computer. After such a freeze up occurs it is advisable to run 
scandisk.exe on the computer. It should automatically do this upon restarting and then let 
you know if manually shutting down the computer corrupted anything. The important 
lesson here is to avoid exiting image collection with the synchronizing signal removed. 

3.2.5 Tape Drives 

Sometimes the tape drive will also function unexpectedly. If this happens the only option 
is to shut down and de-power the tape drive, then start it back up again. Any data on the 
tape when it was shut down will not be valid and therefore must be sent to the tape again. 



3.3 Software 

The software should already be bug-free and any problems that may develop with the 
system can usually be attributed to some type of hardware issue. If all the hardware 
aspects have been examined and the system still is not working, simply try restarting the 
software and hopefully that will fix the problem. No software is perfect, though, so it may 
need possible further debugging and that is why the source codes have been included 
with this manual and can be upgraded by any computer programmer to fix any problems 
that may become apparent through further use of the system. 
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1. Introduction 
This report documents the System for Assessing the Vehicle Motion Environment (SAVME) Trackfile Pro- 
duction Subsystem which was developed under Subcontract Number F001212 with UMTRI as part of 
NHTSAJUMTRI Cooperative Agreement Number DTNH22-99-H-07003. The work was conducted from 
February 1999 through March 2000. The Trackfile Production Subsystem takes as input digital images from 
the SAVME Data Collection Subsystem and produces as output trackfiles suitable for processing by the 
SAVME Trackfile Archiving and Analysis Subsystem. In addition to the development of the Trackfile Pro- 
duction Subsystem software, the project included a production phase where the software was used to pro- 
duce trackfiles. 

Figure 1 shows the relationship between the Trackfile Production Subsystem and the two other subsystems 
that constitute the SAVME system. The Data Collection Subsystem was developed and operated Iby ERIM 
International. The Trackfile Analysis Subsystem was developed and operated by UMTRI who also had 
overall responsibility for the SAVME system. 

Data Collection Subsystem 

Tra ckfile Analysis Subsystem 

mM International 

I UMTR I 
Figure 1 : The SAVME System 

In the rest of this section, we present the results of the SAVME trackfile production effort, provide an over- 
view of the SAVME Trackfile Production Subsystem, and discuss issues related to the usefulness of images 
from the SAVME Data Collection Subsystem. 

The remainder of this report is organized primarily as a User's Guide with some reference material and al- 
gorithm descriptions where appropriate. Chapter 2 describes the preparations which must be carried out 
prior to trackfile production. Chapter 3 is the User's Guide for the first half of the trackfile production proc- 
ess which mostly involves executing computer programs. Chapter 4 is the User's Guide for the second half 
of the production process which is the primarily manual quality control process. Chapter 5 provides a dis- 
cussion of some of the most important algorithms that constitute the trackfile production software. The ap- 
pendix documents the format of the tapes produced by the Data Collection Subsystem and the t r i ~ c ~ l e s  
produced by the Trackfile Production Subsystem. 
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1 .I. Trackfile Production 

The Trackfile Production Subsystem was exercised in the production of 18 112 hours of trackfiles. These 
trackfiles contain tracks for 31,521 total vehicles which represents approximately 3,152 vehicle miles. The 
trackfiles were produced in 26 segments of up to an hour in length. Data from 9 different days were in- 
cluded in the trackfiles. The volume of traffic ranged from 600 to 2600 vehicles per hour with an average of 
1700 vehicles per hour. The table below describes the trackfiles produced and delivered to UMTRI. 

Trackfile Production 
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The production of these trackfiles required the efforts of two full-time quality control analysts for 13 weeks. 
Thus, 1040 analyst hours were required to produce 18 112 hours of trackfiles for an average of 56 analyst- 
hours per hour of trackfiles. This time includes some duplicated effort due to modifications of the tracking 
software which required trackfiles to be re-checked. Also, as the production effort proceeded, the process 
and the software tools used by the analysts were improved resulting in increased production speed. At the 
end of production, the nominal speed of production was less than 40 analyst-hours per hour of trackfiles. 

Quality control time could be reduced further by addressing the following three issues: 

improved image quality would reduce the number of errors generated by the software 
adjustments and enhancements to the tracking software would reduce the number of errors generated 
improvement of the quality control tool would result in more efficient use of analyst effort 

The computing resources utilized for production included 8 workstations and approximately 100 GB of 
hard disk space. Two of the workstations were used during the day by the analysts. The others were used 
primarily after hours for data processing. 

1.2. Trackfile Production Subsystem Overview 

The SAVME Trackfile Production Subsystem consists of five main modules as shown in Figure 2. The pri- 
mary inputs to the subsystem are sequences of digital images from two cameras. A secondary input to the 
subsystem is a site survey which is required for the calibration process that makes it possible to locate 
points on the road that correspond to points in the images. The output from the subsystem is a trackflle 
which describes the travel paths of all of the vehicles in the image sequence. The automatic proce:ssing takes 
place in two stages. First the detection module identifies potential vehicles in the images. Then, the tracking 
module links up the detections through multiple images to track the vehicles as they move down the road. A 
quality control step includes manual review and correction of the automatic processing results to ensure that 
the output of the subsystem is of the highest possible quality. The production management module consists 
of tools used to manage the trackfile production process. 

Figure 2: SAVME Trackfile Production Subsystem 
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Camera calibration is required to derive the mathematical transformation necessary to determine the loca- 
tion of points on the road that correspond to points in the image. The input to the camera calibration process 
is a set of road points and image points in correspondence. These calibration points must have known posi- 
tions on or around the road and must be readily discernable in the images. A topographic site survey must 
be performed to determine the absolute positions of road markings and other features used as calibration 
points. The positions of the calibration points in the images are determined manually. These calibration 
points are used as input to the camera calibration software which determines the appropriate parameter val- 
ues for a parameterized camera model. The calibration parameters are then used in conjunction with the 
camera model to locate road points when given image points or to locate image points when given road 
points. 

The detection module uses image processing operations to detect areas within the images that appear to be 
vehicles. These detections are characterized by bounding polygons which are the primary inputs to the 
tracking module. The basic approach is to maintain a "background" image which represents an approxima- 
tion of what the scene would look like at the current time without any vehicles. The background image must 
be updated every frame because the illumination of the road changes constantly. The background image is 
then subtracted from the current image and the regions that differ are further processed to determine if they 
represent vehicles. This processing includes merging small adjacent regions into larger regions and splitting 
large regions into parts at likely split points. A bounding polygon is then fit to each of the resulting regions 
and saved as the output for the module. 

The tracking module operates on the polygons representing possible vehicles in each image as it steps 
through all of the images, building up tracks representing the paths that the vehicles are travelling. The ba- 
sic approach is to predict vehicle positions for the next image based on the recent history of current tracks. 
The predicted positions are compared with the polygons in the next image and, when matches are found, the 
track positions for that image are updated. New tracks are started when polygons are found that do not ex- 
tend any current track. Tracks are terminated when they leave the field of view. Various constraints are ap- 
plied throughout the tracking process to minimize the effects of detection errors. When each track is com- 
plete, the vehicle size is estimated using data from all of the images containing the vehicle. Tracking is 
carried out independently for each camera. After tracking is complete for all cameras, tracks from multiple 
cameras are merged by examining the overlap region to find matches and then blending the matching tracks 
from the two cameras. 

Quality control is the last step. All tracks are reviewed manually to detect and correct problems. A custom 
software tool with an interactive graphical user interface streamlines the process. It allows the analyst to 
step through the data in frame order or to skip through the data by tracks. It facilitates the deletion, modifi- 
cation, and creation of tracks. The final output of the quality control step is a trackfile. 

The production management module integrates all of the other modules into a production process. It stan- 
dardizes and automates directory structures, file names, program options, and process steps. 

The Trackfile Production Subsystem is implemented primarily in C++ with some C and Per1 programs. It 
contains about 136,000 lines of code in 465 files with 33 executable programs. The Trackfile Production 
Subsystem runs on Pentium-based computers with the Red Hat Linux operating system. 

The Trackfile Production Subsystem has been developed primarily to operate under a specific Data Collec- 
tion Subsystem configuration. Although we have attempted to develop software with general capabilities, it 
is anticipated that operation with a new configuration of the Data Collection Subsystem may require signifi- 
cant software modifications. The scope of the modifications will be directly related to the differences from 
the initial Data Collection Subsystem configuration. The initial configuration was designed to cover 600 
feet of 5 lane roadway and also an intersection at one end of the region. There were 2 cameras on 100 foot 
towers spaced 200 feet apart and 100 feet back from the center of the road. 8-bit grayscale images of 768 
columns by 200 rows were generated at 10 images per second from each camera. The cameras were syn- 
chronized so that the images were collected simultaneously and were numbered identically. 

The Trackfile Production Subsystem operates best on images with diffuse lighting and minimal shadows. It 
has not been tested under adverse conditions such as rain, snow, night conditions, or bright sunlight with 
heavy shadows. 
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1.3. Image Data Quality 

The performance of the Trackfile Production Subsystem is affected by the quality of the images provided by 
the Data Collection Subsystem. Factors which affect the quality of the digital images obtained from the Data 
Collection Subsystem fall into three categories: geometric, environmental, and system-related. 

Geometric Factors 
The geometry of camera tower configuration has a direct impact on the quality of the data. The tower height 
and distance from the road constrain the aim of the camera which affects the ground area imaged and the 
potential for occlusion of one vehicle by another. The spacing between two towers affects the ov~erlap area 
which is required for merging tracks from the two cameras. The lens focal length affects the magnification 
of the image and may in some cases add fish-eye distortion to the images. The resolution of the camera and 
the frame grabber impact the resolution of the data to be processed. If the system only records a part of each 
image in order to reduce the data storage requirements, the area covered by the images is corresplondingly 
reduced. 

For both SA'VME data collections, the towers were 100 feet tall. For the 1996 data collection, thle cameras 
were 93 feet from the center of the road and 200 feet from each other. For the 1999 data collection, the 
cameras were 100 feet from the center of the road and 182 feet from each other. The 5-lane road is 60 feet 
wide. The lenses added some fish-eye distortion to the images. Because the road was oriented horizontally 
in the view of the cameras, only the middle 200 rows of the 480 image rows were recorded but all 768 col- 
umns were recorded. At the top of the image the horizontal field of view is 400 feet and at the bottom of the 
image it is 200 feet. At the middle of the image the vertical field of view is 100 feet. The overlap1 in the 
camera fields of view is 200 feet at the far curb and 100 feet at the near curb. At the top of the image, a 
pixel covers about 0.52 feet, and at the bottom of the image, a pixel covers about 0.26 feet. At the corners 
of the image, the resolution is lower. The drop in resolution from the center of the images towards the edges 
resulted in the accuracy of the tracks being dependent on the position of the vehicles within the images. The 
problem was most noticeable when tracks from two cameras were merged and the low resolution of the 
overlap areas at the edges made it difficult to smoothly blend the two tracks. 

Figure 3 shows the areas of the road imaged by the two cameras. The shapes of the imaged areas highlights 
the fish eye distortion, resolution differences between the top and bottom of the images, and the shape of the 
overlap region. 

Figure 3: Camera Views of the Road 
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Figure 4: Effects Related to Vehicle Position Within the Image 

Figure 4 shows three images of the same car. The top image shows the car entering at the right. The middle 
image shows the car near the middle of the image where the resolution is the highest. The bottom image 
shows the car leaving at the left. Notice that when the car is in the middle of the image, the view is directly 
at the side of the car, but when the car is at the edge of the image, the view includes the front or back of the 
car. The combined front and side views of vehicles near the edges of the images results in reduced accuracy 
in determining vehicle locations on the road. Notice also that the car is larger when it is in the middle of the 
image than when it is at the sides. This is a result of fish eye distortion which results in reduced accuracy 
near the edges of the images. 
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Figure 5: Occlusion by a Vehicle 

The viewing angle leads to vehicles in adjacent lanes sometimes partially occluding one another. The occlu- 
sion problem is worse for larger foreground vehicles. In the worst case, a large truck in the foreground can 
completely occlude a car. Placing the camera towers closer to the road would reduce the occlusion prob- 
lems. The Trackfile Production Subsystem was usually able to track vehicles that were partially occluded by 
other vehicles. Figure 5 shows three image where cars are occluded by trucks. In the top image, only the top 
of a car is visible behind a truck. In the middle image, only about a quarter of a car is occluded bly a large 
truck. In the bottom image, the same car is almost entirely occluded. 
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Figure 6: Occlusion by a Tree 

Environmental Factors 
Environmental factors include permanent factors and temporary factors. A permanent factor affects all data 
collected from a given configuration, while temporary factors only affect certain data. An example of a 
permanent factor is a tree, which occludes the road. For the 1996 data collection, there were a few trees 
which partially occluded the road. However, because the collection was conducted in the late fall after the 
leaves had fallen off of the trees, the occlusion problem was manageable. For the 1999 data collection, the 
trees had grown significantly and the leaves were still on the trees. As a result, one of the trees fully oc- 
cluded a portion of the near lane. The Trackfile Production Subsystem was usually able to track vehicles 
that were occluded by trees during part of their travel. Figure 6 shows three examples of occlusion by a tree. 
In the top image, a white car is occluded by the tree but is slightly visible. In the middle image, the white 
care is starting to emerge from occlusion. In the bottom image, the dark S W  two cars back from the white 
care is completely occluded by the tree. 
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Figure 7: Strong Shadows 

Other environmental factors include weather and lighting. In rainy conditions, rain drops land on the camera 
lenses producing distorted images. In windy conditions, the towers sway, which results in points on the road 
moving within the image over time. In snowy conditions, the cameras compensate for the overall brightness 
by reducing the contrast to the point that the images are difficult to process. Night presents special problems 
because the overall illumination is low but the vehicle headlights illuminate the road and each other. There 
was no attempt to collect or process data under any of these conditions, therefore the Trackfile Production 
Subsystem has not been tested under these adverse conditions. 

The primary environmental factor affecting both data collections was the scene illumination. For image 
processing purposes, the best conditions are consistent, diffuse sunlight with no shadows. Bright sunlight 
results in strong shadows which are difficult to distinguish from vehicles and cause vehicles to appear to be 
touching because the shadow of one vehicle touches another vehicle. Additionally, trees and light poles can 
cast shadows on the road, further complicating the image interpretation process. The Trackfile Production 
Subsystem operates on images with shadows but the performance is degraded. Figure 7 shows an example 
of an image with strong shadows. In this case, the shadows appear to extend the lengths of the vehicles. 
When the sun is from the side, the shadows will appear to extend the width of the vehicles. 

Figure 8: Partial Cloud Cover 

Another illumination problem occurs on partially cloudy days. As clouds move across the sun, p a t s  of the 
road are brightly illuminated and other parts are in the shadow of the clouds. The variation over time can 
cause problems with the process for maintaining the background image. Within any one image, tlhe inconsis- 
tent illumiilation makes the segmentation process more difficult. Data with extreme illumination problems 
were not selected for processing by the Trackfile Production Subsystem. Figure 8 shows an image with par- 
tial cloud cover. The right half of the image is much brighter than the left half. 
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Figure 9: Rapid intensity Variation 
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Figure 9: Rapid Intensity Variation (continued) 

System-Related Factors 

System-related factors derive from a variety of sources including auto-iris instability, image synchronization 
problems, image noise, and tower motion. Auto-iris problems in the cameras can result in slow or rapid 
anomalous variations in overall image intensity. These variations are a challenge to the detection algorithm 
which uses a background subtraction approach to detect vehicles. Data from the 1996 collection did not 
have auto-iris problems but nearly all of the data from the 1999 collection suffers from anomalous intensity 
variations of some degree. In the 1999 data collection, rapid variations typically result in problems with 
three to five consecutive images. The Trackfile Production Subsystem was usually able to identify images 
where the intensity variation made it impossible to detect vehicles. For these cases, no vehicles were identi- 
fied but the prediction process made it possible to continue tracking the vehicles until the image intensity 
returned to normal. Figure 9 shows a sequence of seven frames (0.7 second) which contains an intensity 
variation incident. 

Nonlinear Dynamics Incorporated 



Figure 10: Corrupted Image 

Cable noise problems can cause the collection system to trigger between normal image collection times re- 
sulting in an additional frame being inserted into the sequence for one of the cameras. We have also ob- 
served cases wheie bne to five images were not saved. There is a correlation wherein dropped frames usu- 
ally occur after a "corrupted" frame. These corrupted frames typically are divided horizontally with either 
the top or the bottom part being normal and the other part containing of data from the full camera image 
either above or below the 200 middle rows normally recorded. Figure 10 shows a corrupted image. The 
bottom third of the image is correct but the top two thirds contain data that is from the bottom of the full 
camera image that is never seen because it is below the 200 middle rows that are normally recorded. 

If the missing or extra frame problems are not corrected, the vehicles in the images will appear to slow 
down or speed up due to the extra or missing frames respectively and all following images will be out of 
synchronization. The synchronization problems cause problems with the merging of tracks from the two 
cameras because a vehicle will not be at the same location in both views if the frames are out of synchroni- 
zation. Data from the 1996 collection did not have synchronization problems but all of the data from the 
1999 collection does suffer from synchronization problems. Deleting extra frames or adding blank frames to 
fill gaps corrected synchronization problems. The Trackiile Production Subsystem was able to track vehi- 
cles normally after synchronization correction. The short runs of blank frames used to fill gaps did not pre- 
sent a problem to the tracking algorithm. 

An image noise problem was seen during the 1999 data collection: the "horizontal bar" problem. It ap- 
peared to be related to cable noise. The problem was that at a large number of points throughout an image a 
pixel value was repeated at a small number of pixels to the right of the point. The effect was most visible 
when it happened near a contrast boundary in the image. This problem affected only a few days of data from 
the 1999 collection. Data with the horizontal bar problem were not selected for processing by the Trackfile 
Production Subsystem. Figure 11 shows an example image with the horizontal bar problem. 

Under windy conditions, the towers sometimes sway, producing a small shift in the area imaged by the cam- 
era. Although the shift was typically only a pixel or two, it sometimes resulted in vehicle detection problems 
due to the background subtraction approach used to detect vehicles. This problem was present in many of 
the datasets from the 1996 collection but only a few of the datasets from the 1999 collection. The Trackfile 
Production Subsystem contains algorithms which detect and compensate for tower motion by shifting the 
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image. This process corrects the most problematic case, when the towers are moving sideways. It does not 
compensate for forward or backward motion. The Trackfile Production Subsystem was usually able to track 
vehicles under moderate tower motion conditions. Data with the most extreme tower motion problems were 
not selected for processing by the Trackfile Production Subsystem. 
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2. Preparation for Trackfile Production 
The preparations for trackfile production include three tasks. First, appropriate computer equipment must be 
obtained and configured. Second, the TracMile Production Subsystem software must be installed,. Third, a 
site survey must be conducted to provide data for camera calibration. 

2.1. C0mputin.g Requirements 

The Trackfile Production Subsystem was developed and operated on Dell Pentium PCs running Red Hat 
Linux. To process a one-hour segment of data the detection software requires a computer with 256MB of 
RAM and an equal amount of swap space. The tracking and quality control software can be run aln com- 
puters with only 128MB of RAM. It may be possible to operate on computers with less RAM by decreasing 
the length of the data segment. 

The following hardware was used in the development and operation of the Trackfile Production Subsystem: 

Dell Dimension XPS Series (300-500 MHz Pentiumj computer with 128-256MB RAM 
Cybernetics CY-8000 Advanced Intelligent Tape (AIT) drive with hardware compression 
About lOOGB of disk space spread over several computers to keep two analysts busy. The rrinimum 
disk space requirement to process a 1-hour segment of data is 18GB. Production operation requires 
significant disk space in order to keep the processing and analysis pipelines full. 
21 inch monitor. Large high resolution monitors are highly recommended for use by the anallysts. 

The following software tools were used in developing the Trackfile Production Subsystem and are required 
to compile and run the software: 

Operating system: Red Hat Linux 6.1 
Compiler: gcc 2.95.2 
Source code revision control: CVS 1.10.6 
Data revision control: RCS 5.7 
Compilation system: GNU make 3.77, automake 1.4, autoconf 2.13, libtool 1.3.3 
Graphical user interface toolkit: Qt 2.0.2 

2.2. Software Installation 

Compiling the Trackfile Production Subsystem 

The SAVME Trackfile Production Subsystem comes in two compressed tar archives. The main part of the 
subsystem is same-1 . 0 . tar. Z; this contains all the software developed specifically for SAVME. The 
second part of the subsystem is ndi-tools-0.9. tar. Z. This is a set of NDI proprietary utility classes 
and functions. The NDI-Tools software was utilized in the SAVME project to speed development. The 
process for compiling and installing the SAVME Trackfile Production Subsystem is outlined in the follow- 
ing steps. 

Unload. uncompress, and extract the SAVME software and NDI-Tools from the CDROM: 

% mount /mnt/cdrom 
% gzip -cd /mnt/cdrom/savme-1.O.tar.Z I tar xvf - 
% gz ip  -cd /mnt/cdrom/ndi-tools-0.9.tar.Z I tar xvf - 

Configure the NDI-Tools software for your system and compile it. The NDI-Tools software must be com- 
piled before the SAVME software. 

% cd ndi-tools 
% ./configure 
% make install 
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Configure and compile the SAVME software. The SAVME software will automatically determine the loca- 
tion of NDI-Tools during the configure process. If necessary, you can specify the location of ndi-tools using 
the - -wi  th-ndi- t o o l s  configure option (see below): 

% cd ../same-1.0 
% ./configure 
% make install 

There are several options available that control the build configuration of the SAVME Trackfile Production 
Subsystem. These options are primarily of interest to software developers. Below are some of the most 
commonly used options: 

% configure --enable-static # Build static executables 
% configure --enable-shared # Build dynamically linked executables (default) 
% configure --enable-debug # Build debug versions (default is optimized) 
% configure --with-ndi-tools=dir # Specify alternate location of ndi-tools 
% configure -help # Show all the available configure options 

When changing the system configuration the previous configuration must be cleaned before running config- 
ure a second time: 

% make distclean 

Modifications to the SAVME Trackfile Production Subsystem Source Code 

The SAVME Trackfile Production Subsystem was developed using the Concurrent Versions System (CVS) 
for source code revision control. The complete CVS development source tree with revision information is 
available separately from the archives described above. The archives described above represent a snapshot 
of the most recent version of the software while the CVS archive contains the complete development his- 
tory. The CVS source tree should be used if the system source code is to be modified. The process for in- 
stalling and using the SAVME Trackfile Production Subsystem CVS source tree is outlined in the following 
steps. 

Unload. uncompress, and extract the CVS source tree into your cvs repository directory: 

% mount /mnt/cdrom 
% gzip -cd /mnt/cdrom/same-1.0-cvs.tar.Z ( tar xvf - 
% gzip -cd /mnt/cdrom/ndi-tools-0.9-cvs.tar.Z ( tar xvf - 

To check out a version of the software for development use: 

% cvs co ndi-tools 
% cvs co s a m e  

Using the Trackfile Production Subsystem Installation 

Each time that you login to the computer or start a new terminal program, you will need to source the setup 
script to configure your shell to run the software: 

% source <vme-apps>/cplatform>/bin/vme_setup.bash 
or 
% source <me-apps~/cplatform>/bin/vme_setup.csh 

2.3. Site Survey 

In order to calibrate the cameras, a topographic site survey must be conducted before the start of data col- 
lection but after the camera towers have been installed at a new site and the software is operational. The 
primary purpose of the survey is to determine the positions of road markings and other features that can be 
precisely located in the images for camera calibration. The pairs of surveyed points and corresponding im- 
age points are the input to the camera calibration process. The result of camera calibration is the capability 
of determining ground coordinates from image coordinates and vice versa. A secondary purpose for the 
survey is to determine the location of road and lane boundaries and other landmarks of interest. The reason 
that the survey should not be conducted until after the installation of the camera towers is that the tower 
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position and camera aim affect the field of view of the cameras. It is important to know the areas on the 
ground imaged by the cameras and to verify the visibility of the calibration points prior to the survey. It is 
also important to ensure that the data collected with the specific tower and camera configuration can be suc- 
cessfully processed by the Trackfile Production Subsystem. 

Calibration typically requires a set of 60 or more image points in correspondence with surveyed points in 
the scene. For the 1996 data collection, we used 56 points for the west camera and 60 points for the east 
camera. For the 1999 data collection, we increased the number of points to 88 for the west camera and 82 
for the east camera. The points should be distributed over as much of the image as possible in order to ob- 
tain the best calibration and more points are better. The most important consideration in defining the survey 
points is that they can be accurately located in the images. The endpoints of dashed lane marker lines work 
well. We also have used 8 inch diameter circles spray painted on the road or curb with black paint at 20 foot 
intervals. 

The calibration process is discussed in a later section of this report. 

In addition to the survey of the calibration points, there are a number of other items which should also be 
surveyed at the same time: 

curbs and lane divisions for the generation of a map of the roadway 
the position of the camera towers and the anchor points of the guy wires 
the position of other landmarks in the area of interest such as signs, light poles, fences, and, trees 

The total number of points surveyed in 1996 was 173 and the total in 1999 was 239. Figure 12 shows the 
survey points for 1999. The camera tower positions are marked by larger square markers. The points are 
shown in the survey coordinate frame, not the coordinate frame used for processing and analysis of the data. 
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Figure 12: Survey Points from the September 1999 SAVME Site Survey 

Nonlinear Dynamics Incorporated 



3. Trackfile Production Process 
The steps necessary for trackfile production are shown in Figure 13. This figure differs from the c:onceptual 
view of the trackfile production process presented previously in that it shows the intermediate steps required 
to actually produce trackfiles. 

Figure 13: Trackfile Production Steps 

3.1. Production Management 

Production management integrates all of the other modulks into a production process. It standardizes and 
automates directory structures, file names, program options, and process steps. The production management 
module consists of a Makefile system for running the software and a standardized directory structure and 
file naming scheme. 

Makefiles are typically used to build large software systems where many steps are required and nnany de- 
pendencies constrain the order of steps. A Makefile contains a list of rules which each specify how to build 
a particular "target." Normally, the target is an executable program which must be compiled and linked with 
other programs. The Makefile rule also specifies the targets which must be built prior to building the current 
target, such as the other programs. Thus, a request to build a specific target will recursively request the 
build of targets that it depends on. 

For trackflle production, each target represents a step in the process which depends on the completion of 
previous steps. When a user requests that a particular step be performed, all required previous steps that 
have not been performed will be performed, but those for which results exist will not be repeated,. 

The use of Makefiles frees the user from setting specific program options, naming and finding necessary 
data files, and ensuring that steps are performed in the appropriate order. 

To see the list of targets supported by the production Makefile, invoke its "help" target: 
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% make help 

The output from "make help" describing the targets and providing other information is shown below: 

o This is the help text for using the SAVME Makefile ... 
< > 
<> * * *  The following variables must be defined on the 'make' command line 
o * * *  or in the parent shell environment: 
o SAVMEHOME ............... : the path to the SAVME home directory 
o ACQNAME ................. : the acquisition date name (e.g., 'v092199amf) 
o RUNNUMBER ............... : a number to designate this analysis run of the 
o ......................... : <ACQNAME> data 
<> FIRSTFRAME .............. : the first frame to be processed (integer) 
o LASTFRAME ............... : the last frame to be processed (integer) 
o * * *  output saving options: 
o OUTFILE ................. : name of file to create/use when saving 
o ......................... : make-file and application output 
o SAVEOUTPUT .............. : set to 'yes' to enable the output saving option 
o OVERWRITEOUTPUT ......... : set to 'yes' to overwrite the existing OUTFILE, 
o ......................... : if any 
<> 
o * * *  Note: Other variables are set to default values as shown by 'make show-vars'. 
o ***  You can override the default values by defining new values on the 'make' 
<> ***  command line. 
o ***  For example, 'make FRAMEINCREMENT=lO' changes the frame increment value 
o ***  to 10 (from the default value of 1). 
<> 
o ***  Tip: To speed Makefile interpretation, use the '-r' option of 'make'. 
C> ***  The '-r' option eliminates the use of built-in implicit rules. 
<> 
o ***  The following SAVME Makefile 'make' targets are available: 
o wd, working-dir ......... : sets up a Working Directory (locked working files) in the 
o ......................... : current directory 
o vd, viewing-dir ......... : sets up a read-only Working Directory in the current ......................... o : directory 
o rd, run-dir ............. : sets up a Run Directory in the SAVME Home directory 
o sv, show-vars ........... : lists the values of all SAVME Makefile parameters, directory 
o ......................... : paths, and filenames 
o be, blobfiles-east ...... : creates new blob files using 'VmeDetect', overwriting any 
o ......................... : existing blob files 
o bw, blobfiles-west ...... : creates new blob files using 'VmeDetect', overwriting any 
o ......................... : existing blob files 
o nt, newtracks ........... : creates new trackfiles from existing blob files using 'track' 
o tf, trackfiles .......... : creates new trackfiles using 'track' from new blob files 
<> ......................... : created using the 'blobfiles-east' and 'blobfiles-west' targets 
<> vx, view-tracks ......... : view and edit trackfiles using 'vmex' 
o mt, merge-tracks ........ : merge east and west tracks using 'track' 
o fm, force-merge ......... : force merging of east/west tracks using 'track' 
o voe, view-overviews-east : view east-camera overview images using 'vmex' 
o vow, view-overviews-west : view west-camera overview images using 'vmex' 
o cr, check-in-results .... : checks in (to the Run Directory) Working Directory results files 
o help .................... : prints info on how to use the SAVME Makefile 

3.2. Directory Structure for Production 

A standardized directory structure and file naming scheme is used in conjunction with the Makefile system 
to standardize and automate the production process. An additional feature of the directory structure is the 
management of many of the data files by the Revision Control System (RCS). RCS makes it possible to 
save different versions of a file and ensures that two people don't modify the same file at the same time. 

At the highest level, there are three types of directories used to manage the data. There is one Image Direc- 
tory for every data collection set which contains all of the images and the calibration data for that set. A set 
may contain up to five hours of data. For each data collection set there may be multiple Run Directories 
which correspond to specific segments of data from that set. Typically, data are processed in one hour seg- 
ments. The Run Directories contain input data, intermediate results, and final results from the SAVME 
Trackfile Production Subsystem. 

The Image Directories and the Run Directories are located in the SAVME Home Directory which serves as 
the central location for the SAVME data. Users do not work directly with the Image and Run Directories. 
To run software or work with the data, a user must create a Working Directory which is essentially a tempo- 
rary personal copy of a Run Directory. If changes are made to the data in the Working Directory, the user 
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may check them back into the Run Directory using RCS. If no changes are made to the data, then the user 
can delete the Working Directory because all of the archival data remains in the Run Directory. The 
SAVME Home Directory, Image Directories, and Run Directories typically reside on a file server while the 
Working Directories typically reside on the workstations used for data processing and quality cor~trol analy- 
sis. 

Note that in the text below, a '*' after a file name means the file is managed by RCS, and indicates that an 
RCS directory exists at the same directory level as the file. The RCS directories are not shown in the fig- 
ures. 

SAVME Home Directory 

The SAVME Home directory is the starting point for th.e produc- 
tion directory structure. It provides the procedure files "Makefile'* 
and 'make-env-params'*, the Survey Data directory (named "sur- 
veys"), and Image and Run Directories. 

The 'Makefile' file is the main production management tool de- 
scribed in the previous section. 

The 'make-env-params' file is an example script for setting the 
shell environment variables. 

The 'surveys' directory provides site survey data used during cali- 
bration and tracking. The survey data are in two files named 'sur- 
vey.dat' and 'survey-1ines.xgraph'. There are two sets of these 
data files, in subdirectories 'y1996' and 'y1999', became site sur- 
veys were conducted for each data collection effort. 

Image Directories have names in the pattern v<MMDDYY>[am,pm]. The MMDDYY pattern is a date 
string denoting the date of image acquisitions, such as 112496 for November 24, 1996. Optionallly, 'am' or 
'pm' may be appended to indicate that the images were acquired in the morning or afternoon. Example Im- 
age Directory names are: 'v090999pm', 'v112496', and 'v092299pm'. The contents of Image Directories 
are described below. 

Run Directories have names based on the corresponding Image Directory name, with '-<nurn>' aippended. 
The <num> portion indicates the Nth run of the <MMDDYY>[am,pm] data. Example Run Directory names 
are 'v090999pm-001', '~112496-002', and 'v092299pm-003'. The contents of Run Directories we de- 
scribed below. 
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Image Directories 

Image Directories have three subdirectories: 'calib', 'east', and 
'west'. 

The 'calib' working directory includes two files, 'east.cal' and 
'west.ca1' that provide data for calibrating the camera views relative 
to the survey data for the given acquisition day. The other files in 
this directory were used in developing the calibration files. 

The 'east' and 'west' directories provide the calibration file, acquisi- 
tion images, overview images, and line mask image for the east and 
west cameras. 

The calibration file, 'calibrate.dat', is a copy of the corresponding 
'east.ca1' or 'west.ca1' file in the 'calib' subdirectory. 

The acquisition images are provided in the 'eastlimg' and 
'west/img' subdirectories. Each 'img' directory has a 'header.dat' 
file and several 'OOO', 'OOl', '002', ... subdirectories. 

The 'header.dat' file provides information about the acquisition, 
including date, time, image row and column counts, and weather 
comments. 

The 'OOO', '001 ', '002', . . . subdirectories contain the raw images. 
Each raw image is named 'cnum.raw', where < n u m  is the six- 
digit frame number for that image. The raw images are grouped into 
the 'OOO', 'OOl', '002', . . . subdirectories by the thousand. For ex- 
ample, the images labeled '001000.raw', '001001.raw', .. ., 
'001999.raw' go in the '001' subdirectory. 

The overview images are provided in the 'east/overview' and 
'westloverview' subdirectories. Each overview image collection is a 
sampling of the overall acquisition for that camera (east or west) and 
that day. The sampling rate is one image per minute, which is 
equivalent to every 600" frame. When viewed in sequence, the 
overview images provide a time-lapse movie of the traffic, weather 
influences, and other acquisition conditions. 

The line-mask image is used during track processing. It provides a 
mask of the lines painted on the road surface to help the image- 
analysis software distinguish between the road and vehicles. 

Nonlinear Dynamics Incorporated 



Run Directories 
A Run Directory provides the files needed to generate vehicle 
tracks for a given sequence of acquisition images on a given ac- 
quisition day. It also holds the results of the vehicle track analysis. 

Run Directories contain two files, 'run-params.txt' and ii log file, 
and have three subdirectories: 'east', 'west', and 'merge:'. The 
'run-params.txt' file is automatically generated by the SAVME 
Makefile during the analysis. It records the values of shrsll envi- 
ronment variables used for the analysis, including the acquisition 
date, first and last frame numbers, and output log file name. 

The SAVME Makefile also creates a log file of its actions, if the 
SAVEOUTPUT shell environment variable is set to 'yes'. The 
name of the log file is determined by the OUTFILE she'll envi- 
ronment variable, and is typically something like 'savm~e-1og.out' 
or 'savme-991 123.v092399pmmO01.10g' (where '991 123' is the 
date of the analysis run in YYMMDD form, and 'v092:199pm- 
001' is the run designation). 

The 'east' and 'west' subdirectories provide the background im- 
age, view mask, vehicle mask, and calibration data files for the 
analysis. Upon completion of the analysis, these subdirt:ctories 
also hold the detector parameters, blobs, vehicles, and tracks files. 

The background image, view mask, and vehicle mask fi.les contain 
images used during detection to find blobs (potential ve:hicles) in 
each frame. The background image is a combination of many 
frames to provide an averaged image against which veh.icle 
movement may be seen. The view mask is an image showing 
which parts of the image will not have vehicle movement and are 
to be ignored. The vehicle mask is an image showing the location 
of vehicles in the first frame of the run, which is necessary for the 

image analysis software to correctly begin its analysis. The filenames follow the pattern cacqnmle>- 
<carn>.ctype>.tif, where <acqname> is the acquisition date name (e.g., 'v092399pm'), <cam> is 'e' or 'w' 
to indicate the east or west camera, and <type> is 'bg' for the background image, 'mask' for the view mask, 
or 'vehmask' for the vehicle mask. 

The calibration data ('calibrate.dat') file is saved in the run directory to provide a record of which calibra- 
tion data were used for the analysis (in case the calibration data change). 

The detector parameters file ('detector-params.txt') saves the parameters used for the blob-detection phase 
of the analysis. The blobs file ('blobs.datY) and vehicles file ('vehicles.dat') are the results of blob-detection 
image analysis and provide the data used for tracking analysis. These files are copied (checked into) the 
Run Directory upon completion of analysis in a Working Directory. The tracks file ('tracks.dat') provides 
the data describing the vehicle tracks found. 

The 'merge' subdirectory contains the results of the merging phase of the analysis, where the tracking data 
from the east and west views are combined to form world-view tracks. The 'merge' subdirectory holds the 
track parameters, merge info, and two forms of tracks files. Again, these files are copied (checked into) the 
Run Directory upon completion of analysis in a Working Directory. 

The track parameters file ('track-params.txt') saves the parameters used for the track analysis. Tile merge 
info file ('mergeinfo') is an intermediate file used during the merging analysis. 

The tracks files ('tracks.bin' and 'tracks.dat') provide the data describing the world-view tracks of vehicles. 
The trackfile, 'tracks.bin', is the final output of the Trackfile Production Subsystem. 
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Working Directories 

A Working Directory is a temporary collection of the subdirecto- 
ries, files, and links needed to carry out track generation on a 
workstation. The SAVME Makefile creates a Working Directory 
using files in the Image Directory and Run Directory for the 
specified acquisition date and frame sequence (run). 

The Working Directory (which is named using the same pattern 
as that for the Run Directories) consists of a few files, two sym- 
bolic links, and three subdirectories. 

The files start with a copy of the SAVME Makefile ('Makefile'). 
When analysis has started, the SAVME Makefile creates the run 
parameters file ('run-params.txt') to record the parameters used, 
and (optionally) a log file of the processing steps completed and 
their status output. 

The symbolic links needed for track analysis are to the appropri- 
ate 'survey.dat' and 'survey-1ines.xgraph' files in the Image Di- 
rectory. 

The subdirectories are 'east', 'west', and 'merge'. The 'east' and 
'west' subdirectories hold the files needed for the analysis and, 
after an analysis has completed, the results files. The files needed 
before analysis are the 'calibrate.dat' file, the background image, 
lines mask, view mask, and vehicle mask files, and a symbolic 
link to the raw images. After successful analysis, the 'east' or 
'west' subdirectory holds the resulting 'detector-params.txt', 
'blobs.dat', 'tracks.datl, and 'vehicles.dat' files. These files are 
the same ones described in the Image Directories and Run Direc- 
tories sections. 

After the merging step has completed, the 'merge' subdirectory 
holds the 'track-params.txt', 'mergeinfo', 'tracks-bin', and 
'tracks.dat' files, which were described in the Run Directories 
section. 

3.3. Directory Setup 

Set Up an Image Directory 

An Image Directory contains the files and directories related to a specific data collection set. The contents 
and directory structure of Image Directories were described in the previous section. 

An Image Directory must be created manually in the SAVME Home directory because the SAVME Make- 
file needs an Image Directory as a starting point. 

Set Up a Run Directory 

A Run Directory contains the files, directories, and symbolic links needed to process images and produce 
trackfiles for a particular segment of a data collection set. There can be multiple Run Directories for a given 
data collection set. A Run Directory can hold multiple versions of files through the use of RCS to track re- 
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visions. The Run Directory is a shared central repository for the data related to a run. To set up a Run Di- 
rectory, follow these steps: 

Move to the SAVME Home directory: 

If necessary, check out the SAVME Makefile using the RCS "co" command: 

% co Makefile 

Create a make-env-params file to set environment variables. The environment variables are u~sed by the 
Makefile as the specification for the run. Here is an example make-env-params file: 

export SAVMEHOME=<home_machine/disk/dir>/savme/e-home 
export ACQNAME=v112196 
export ACQYEAR=1996 
export FIRSTFRAME=1000 
export LASTFRAME=1005 
export RUNNUMBER=001 
export OUTFILE=savme-1og.out 
export SAVEOUTPUT=yes 
export OVERWRITEOUTPUT=no 

An example file that can be used as a template is available for checkout: 

% co make-env-params 

Set the environment variables needed to use the Makefile by editing the make-env-params fille as nec- 
essary and then sourcing it: 

% <editor> make-env-params 
% source make-env-params 

Use the Makefile to set up a Run Directory: 

% make -r run-dir 

Each time that you login to the computer and each time that you switch to a new Run Directory, you will 
need to source the make-env-params file for the appropriate Run Directory. 

Set Up a Working Directory 

A Working Directory holds the files, directories, and symbolic links used during trackfile creation and dur- 
ing the quality control process. A Working Directory is created from a Run Directory using the Makefile. 
Once processing or editing is complete, the results can be checked in using the Makefile. Checked-in results 
are stored in the Run Directory's RCS directories. A Working Directory is owned and used by a single user. 
Multiple users may have Working Directories corresponding to the same Run directory at the sarne time. 

To set up a Working Directory, follow these steps: 

Move to a parent directory that will contain the Working Directory: 

Make a symbolic link to the SAVME Home directory's RCS directory: 

Check out the Makefile: 

% co Makefile 

Copy the appropriate make-env-params file or create it as described under "Set Up a Run Directory": 

Set the environment variables for use by the Makefile: 
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% source make-env-params 

Use the SAVME Makefile to set up a Working Directory: 

% make -r working-dir 

This step checks out files from the Run Directory and stores them in the Working Directory as necessary. 

3.4. Loading Images from Tape 
The image data from a collection set is stored on two data tapes, one for each camera. The size of a collec- 
tion set is limited by tape capacity to about 5 hours. The images to be processed must be read from the tape 
and stored in the Image Directory for the collection set. An hour of images from two cameras requires about 
11 GB of disk space. 

Loading raw image data from tape is done using the "tape" command. The following example loads the first 
hour of data from tape. The tape program documentation below provides more detailed instructions on us- 
ing the tape program. A description of the image data tape format is included in the appendix. 

% tape -rmt 1 -V -rew header.dat -N 36000 

Program Documentation: tape 

Overview 

The tape application is primarily used to read raw image data from tape and write it to disk. It may also be 
used to perform image quality measurements on the image data without actually writing any images to disk. 

Usage 
% tape [-V] [-prefix <prefix>] [-suffix <suffix>] [-rew <header-file>] [-N <#imgs>] [-rmt <tdrive>] 
[-skip <#min>] [-interval <#min>] 

-V Verbose (default is silent) 

The file name prefix and/or path (default is none, use only im- 
age #) 

The file name suffix (default is .raw) 

Rewinds the tape to the beginning and dumps the header in- 
formation to the specified file 

The number of images to dump (default is 1) 

The number of the tape drive to use (default is 0 i.e. 
/dev/rmt/O) 

Number of minutes to skip at the beginning (default is 0) 

Number of minutes to skip between images (default is 0) 

Read the tape using the 1996 data format 

Read the tape using the 1999 data format (this is the default) 

-stat Write image quality stats to stdout 

-dont-write Don't write data to file 
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Tape Formats 

The 1996 and 1999 data collections use different tape formats to store the image data. The tape program 
will handle both formats and can automatically determine which format to use (if the header is read from 
tape). The default format is the 1999 version. See the appendix for a description of the tape formiits. 

Examples 

This command rewinds the tape on device /dev/rmt/l, writes the tape header to a file called header.txt and 
then writes the next 1000 images to disk. 

% tape -rmt 1 -rewind header.txt -N 1000 

After this command finishes the tape is not rewound. You may issue another tape command (withlout 
-rewind) to write more images starting with 1001. 

% tape -rmt 1 -N 100 

You may also skip images in one minute blocks (600 images). This command rewinds the tape on device 
/dev/rmt/l and writes the tape header to a file called header.txt. It then skips the first 10 minutes of data 
(6000 images) and then writes the next 1000 to disk. 

% tape -rmt 1 -skip 10 -rew header.txt -N 1000 

This command rewinds the.tape on device /dev/rmt/l and writes the tape header to a file called header.txt. It 
then writes out 100 images skipping 1 tape mark between images. It writes images 000001 000601 001201 
001801 .,. 

% tape -rmt 1 -skip 10 -rew header.txt -N 1000 

This command will rewind the tape on device /dev/rmt/l, write the tape header to a file called header.txt but 
it will NOT write any images to disk. The first 1000 images will be read from tape and the average pixel 
value will be computed. The average pixel values are written to disk and the images are discarded. 

% tape -rmt 1 -rewind header.txt -N 1000 -stat -dont-write 

Common Problems 

You must always use the -rewind flag when reading images from the beginning of the tape. Otherwise the 
header information is interpreted as image data and errors will occur. The only time you do not need to use 
-rewind is when you are using the -skip flag or you are already positioned in the middle of the data because 
you issued an earlier tape command (that used -rewind). 

3.5. Camera Calibration 

Camera calibration is required to derive the mathematical transformation necessary to determine the loca- 
tion of points on the road given points in the image. The input to the camera calibration process is a set of 
road points and image points in correspondence. The requirements for specifying and surveying the calibra- 
tion points have been discussed in a previous section of this report. These points are used to determine the 
appropriate parameter values for a parameterized camera model. The calibration parameters are then used in 
conjunction with the camera model to locate road points when given image points or to locate image points 
when given road points. 

The camera model which we use was developed by Roger Tsai and is described in the following publica- 
tions: 

"A Versatile Camera Calibration Technique for High-Accuracy 3D Machine Vision Metrology Using 
Off-the-shelf TV Cameras and Lenses," Roger Y. Tsai, IEEE Journal of Robotics and Automation, 
Vol. RA-3, No. 4, August 1987, pages 323-344. 

"An Efficient and Accurate Camera Calibration Technique for 3D Machine Vision," Roger Y. Tsai, 
Proceedings of the IEEE Conference on Computer Vision and Pattern Recognition, Miami Beach, FL, 
1986, pages 364-374. 
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The implementation of the Tsai camera calibration algorithm developed by Reg Willson has been used for 
this project. The original source code is available for free download via the Internet. The slightly modified 
version of this code used by the Trackfile Production Subsystem is included with the rest of the Trackfile 
Production Subsystem source code. 

Figure 14 shows the user interface for the camera calibration tool. At the top are the east and west images. 
At the bottom is a map of the road. The outlines of the areas viewed by the cameras are shown on the road 
map. The road curbs and lines are shown on the images. The calibration points are shown on the images and 
on the road map. The transformed calibration points (image calibration points transformed to road points 
and road calibration points transformed to image points) are also shown. The degree to which the original 
and transformed points coincide is a qualitative measure of the accuracy of the computed calibration trans- 
formation. 

Figure 14: Camera Calibration User Interface 

Program Documentation: calib 

Overview 

The calib application is an interactive tool for creating the calibration parameters which specify the trans- 
formation between image coordinates (row, column) and real world coordinates (x,y,z) in the images. 

Usage 

% calib <path> [z] 
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Input Files 

survey.nxyz 

The path to the directory containing the input files. 

This optional argument causes world Z coordinate values to be 
maintained. Normally, the Z coordinate is set to zero. This op- 
tion is for future use. The current calibration will not run with 
a Z coordinate other than zero. 

This file contains the locations for all of the points ill world 
coordinates. The file must have at least four co1urnn;s with the 
first column containing the number of the point, the second 
containing the x value, the third containing the y value, and the 
fourth containing the z value. Anything else on the 1:ine follow- 
ing the fourth column is ignored. 

This file contains the locations of the points, in world coordi- 
nates, that make up the curbs. Each portion of the is specified 
by a separate polygon. The first line that is read in this file 
starts with a quotation mark and specifies which portion of the 
curb the following points apply to. The second line gives the 
number of points that apply to that same portion of curb. The 
program then reads in the specified number of points into a 
new polygon. The program continues for all of the points in 
the file. 

This file contains the locations of the calibration poiints from 
the east camera in image coordinates. They will not initially be 
in ideal locations. The purpose of the this program is the help 
the user move these points until they line up in appropriate po- 
sitions. The file contains three columns. The first is the number 
of the point, which corresponds to the same point in the world 
coordinate frame. The second column is the points x location, 
and the third is its y location. An example of the name of the 
file is: v090999e.cp 

This file is in the same format as the previous. The only differ- 
ence is that this file is for the points in the image coordinate 
frame that appear in the west camera. 

This file is the name of the image from the east camera that is 
to be displayed on the screen. This image allows the user to 
determine where the image points should be placed,. An exam- 
ple of the name of the file is: v090999e.000498.raw, where the 
first part is the date (including which camera it came from (e 
or w) and the second part is the actual frame number for that 
particular image. 

This file is the name of the image from the west cannera that is 
to be displayed on the screen. 

This file contains the names of all of the other files so that the 
program can find the necessary data. An example o:f the format 
is: 

ImageEast v090999e.000498.raw 
ImageWest v090999w.000510.raw 
RoadMarks survey-1ines.xgraph 
Worldpoints survey.nxyz 
Date 090999 
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Output Files 

east.ca1 This is an output file from the calibration program. It contains 
the calibration parameters for the east camera. 

This is an output file from the calibration program. It contains 
the calibration parameters for the west camera. 

This is the input file for the calibration program. It is created 
by the calibration tool. It contains the x, y, z, column, and row 
locations of the points in the east view. 

This is the input file for the calibration program. It is created 
by the calibration tool. It contains the x, y, z, column and row 
locations of the points in the west view. 

This file contains the locations of the image points in the east 
view after the user has hit the "s" button to save the calibration 
results. Usually, the user would move the points to a more de- 
sirable location and rerun the calibration. If the result is ac- 
ceptable, the user would hit the "s" button and save the new 
locations into the file. To re-run the entire program with the 
new point locations as the original values, simply copy the 
contents of this file into the vcdate>e.cp file. This helps to en- 
sure that data will not accidentally be overwritten 

This file is the same as the previous one, except that it contains 
the locations of image points in the west view. 

Operation 

When the calib program is run, it displays the east image on the top, the west image below that, and the 
world coordinate frame at the bottom. Each view has two sets of points. One set is the original points for 
that view (taken directly from the corresponding files. The other set of points are the transformed points. 
Each set of original points is transformed into the opposite frame and displayed on the screen on top of that 
frame's original points. For example, the points from the survey.nxyz file are shown at the very bottom in 
the world coordinate frame. The points that are in the v<date>.cp files are then transformed from image 
coordinates to world coordinates using the calibration transformation and displayed in the world coordinate 
frame in addition to the original world points that were taken from the survey.nxyz file. The same is done 
with the points for the east and west image views. 

The primary task for the user is to move the original east and west image points until a satisfactory calibra- 
tion is obtained, i.e. the original points from a certain view, and the corresponding transformed points line 
up on top of each other. Only the original points from the vcdate>.cp files can be moved. The first step is to 
position the image points over the image marks that correspond to the surveyed marks. To move the points, 
click the mouse cursor on the cross-hairs of the point. When a green box is displayed, the point can be 
dragged to its new location. When the points have been moved, the user presses the "r" button to rerun the 
calibration. The results are displayed and the procedure is continued until the calibration is acceptable. It 
may be necessary to move some points away from the image marks towards their corresponding trans- 
formed point in order to achieve the overall best calibration result. 

Keyboard Commands 

quits program 

re-runs calibration 

S saves current locations of east and west image points into files 

de-selects all of the currently selected points 

toggles visibility of the transformed points 
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0 toggles visibility of the original points 

E toggles visibility of the east points 

W toggles visibility of the west points 

H displays help screen 

3.6. Camera Synchronization Correction 

It is critical that the images from the two cameras be exactly synchronized throughout a dataset. Missing or 
extra frames in the data from one camera will cause the vehicles to appear to be at different locatiions in the 
two views. If only one camera is considered, missing or extra frames will cause the vehicles to aplpear to 
suddenly speed up or slow down. The 1996 data collection did not have synchronization problern~s but the 
1999 data collection had problems in every data set. The synchronization must be corrected prior to proc- 
essing the data because all of the other software expects the frames to be synchronized. 

Imagine the two data streams as two movie strips, with discrete frames, that occasionally have one of the 
problems mentioned above which de-sync them. The Image Sequence Transmogrifier (IST) lets you re-sync 
them by doing one of two things: you can specify frames to be deleted, or frames to be added. If :you delete 
a frame from the East stream it has the effect of speeding up by one frame relative to West. If you add a 
frame to East, it is slowed down by one frame relative to West. 

The difficult part of the synchronization task is the determination of exactly where you want to add or delete 
the frames. The IST does not handle that task. Determination of the places where deletion or addition of 
frames is required is done with the display and editing tool VMEX as described in the next subsection. 

When adding an image, we can't just use any image. Duplication of the previous or following image will 
cause problems with the tracking software because it will appear that the vehicles didn't move between the 
two images. Instead, we add one or more black frames to fill the dropped-out segment. The detection and 
tracking software were made to handle occasional "bad" frames, so they handle these artificial ones very 
well as long as there are not too many in a row. 

The maximum dropout observed in analyzing two hours of data is 5, exactly half a second. During that 
blank time, the current version of tracking is able to make predictions about where the vehicles will be. As 
long as the vehicles don't deviate too much from their paths during the dropped-out time, this repair strat- 
egy will work. 

Camera synchronization correction takes place in three steps: 

synchronization problems are found using VMEX and specified in an "Edits" file 
the IST is run on the Edits file to create a command file 
the command file is run to create a corrected image directory 

Finding Synchronization Problems 

The VMEX display and editing tool is used to find synchronization problems. It displays the images and 
facilitates moving back and forth through the image sequence. VMEX is fully documented elsewhere in this 
report. 

A right-click of the mouse in an image will cause VMEX to display the x and y world coordinates of the 
image point. By right clicking on a feature that appears in both images, you can check the accuracy of the 
calibration. For a stationary point, the coordinates frum the two cameras should be within a couple of feet of 
each other. The same is true for moving vehicles if the cameras are synchronized. When the cameras are out 
of synchronization, the vehicle view in one camera will lag behind the vehicle view in the other. The dis- 
tance of the lag helps to determine the number of frames difference between the cameras. For example, a 
car traveling 60 ftlsec will travel 6 feet between images. If the position of the car in the east and west cam- 
eras differs by 12 feet then the cameras are probably 2 frames out of sync. The best point on a ve:hicle for 
checking the coordinates is where the tire touches the road. Points on the vehicle above the ground will be 
projected onto the ground resulting in position errors. 
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Various strategies for finding problems have been tried but we have not determined which is best. One 
strategy is to do a binary search to find all of the problems. Start by checking the end of the dataset to de- 
termine if it is out of sync at the end. If so, check in the middle to determine if the problems are before or 
after that point (or both). Continue subdividing regions until regions which are in sync at the start and at the 
end are found or until problems are found and fixed. Another strategy is to step through the sequence by a 
fixed interval such as 1000 frames and look closer at the segment which precedes a frame which is out of 
sync. 

Fixing Synchronization Problems 

The IST operates on one data stream at time. You create an instruction file to tell it where the changes are to 
be made, and it creates a command file that will execute them all at once. When the IST has finished its 
work the result is a file containing shell commands that create subdirectories and links in the appropriate 
places. The IST writes its commands to standard out. The recommended mode of operation is to redirect the 
IST's output into a file, which you will then source from your shell to execute the commands. 

The IST works by making directories of pseudo files which are "links" to the real files. These links are es- 
sentially a renumbering of the images. When you "delete" a frame, it is not really lost. The IST skips over it 
as it is making its directory full of links. When you "add" a file, it sticks an extra link into the time stream, 
which points to the blank image. There is only one blank image. All the links for "extra" frames point to it. 
Thus, the original directories and files are not changed; if there is a problem, it is possible to start over. All 
you need to do is delete the directory of links that the IST just created, change the instruction file you gave 
it, and try again. 

Program Documentation: imageSequenceTransmogrifier 

Usage 

dir 

edits 

The destination directory. This is the place you want to use as 
the "root" directory for the links the IST will be creating. 

The paramsadat file. The location of the same parameters file 
that is used by the tracking code and VMEX. 

The letter "w" or "e", to indicate whether we are operating on 
"west" or "east". 

The edits file. This is the file that contains all the instructions 
on where to delete and where to insert frames. 

Edits File Syntax 

The requirements for the edits file are: 

Exactly one command per line. No comments, no blank lines, no extra or missing characters. 
Every command is either an insertion (i) or a deletion (d). 

Here are some edits file command examples: 

i 14108 1 Insert 1 extra frame just after frame number 14108. 

Insert 5 extra frames just after frame number 14108. 

Delete frame 14108. You can only delete one at a time. 
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Making the Blank Frame 

The blank image is a "raw" image that is 768x200 pixels, all black, with an empty 8-byte "trailer'" on the 
end. Thus, we need a file that has 768 x 200 + 8 = 153,608 binary (not ASCII) zeros in it. The file must be 
located in /tmp/vmeBlankImage.raw. 

Here is the command to create the file: 

Image Directory Structure 

The IST, along with the detection, tracking, and viewing software all expect a standard directory structure 
for storage of the images. 

The standard directory structure for images is: 

DATA-DIR -+-- w e s t  --- irng -t-- 000 
I I 

t-- east --- irng -t-- 000 
I 

The "..." strings mean that there are many more subdirectories of that form there. Each one of therse subdi- 
rectories contains a thousand images. And the name of the directory is the first three digits of the image 
number. For example, if the images are numbered from 000001 to 039999 there will be 40 subdi~rs, from 
000 to 039. Each one will contain images from DIRNAME000.raw to DIRNAME999.raw. 

Example 

Here is a complete example of using the IST. It assumes that you have images from both camera!; that go 
from 000000.raw to 039999.raw. This example also assumes that you already have the whole standard di- 
rectory structure, with all images and ancillary files already in it. Note that the file or directory names used 
in these instructions that are all-caps are meant as variable names. Substitute the names that you iictually 
use. 

The first step is to determine what frames should be added and what frames should be deleted using the 
procedure for finding synchronization problems described above. We assume that we want to make the fol- 
lowing changes: 

* delete frames 14108 and 14109 from the west stream, and 
add three new frames just after frame 20000 in the east stream. 

The second step is to create the command files that will link the image files in the appropriate sequence. 

WEST-EDITS file: 
------ s tar t  o f  f i l e  ----- 
d 14108 
d 14109 ------ e n d  o f  f i l e  ------ 

EAST-EDITS file: 
------ s tar t  o f  f i l e  ----- 
i 20000 3 ------ e n d  of f i l e  ------ 
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The third step is to run the IST on both the West and East data streams. 

Run the IST on the West Stream with the following command (all on one line): 

imageSequenceTransmogrifier LINKS-DIR/west/img DAY-DIR/merge/track-params.txt 
w WEST-EDITS & WEST-SHELL-COMMANDS 

Explanation: 

imageSequenceTransmogrifier program name. (Must be a valid path to the executable.) 

LINKS-DIR/west/img directory in which IST will create its links. These links to 
image files are used to rearrange the image sequence. This 
directory does not need to exist at the time that the IST is 
run. 

DAY-DIRImergeltrack-params.txt path name to the parameters file. The same parameters file 
that is used by VMEX and Track. 

w letter specifying the camera. (w for west, e for east) 

WEST-EDITS file containing instructions on which frames should be de- 
leted, and where new frames should be inserted. 

this is a symbol which is appropriate only if you are using 
the C Shell that redirects the IST's output to whatever file 
name follows it. 

WEST-SHELL-COMMANDS this is the file name into which the IST's output gets redi- 
rected. (You will use source this file from your shell to actu- 
ally create all the links that are the IST's final result.) 

Run the IST on the East Stream with the following command (all on one line): 

imageSequenceTransmogrifier LINKS,DIR/east/img DAY-DIR/merge/track-params.txt 
e EAST-EDITS & EAST-SHELL-COMMANDS 

The fourth step is to move the original image directories and to create new image directories to contain the 
links. Go into the east/west directories and rename the img directory to real: 

% cd east 
% mv img real 
% cd ../west 
% mv img real 
% c d  . .  

Create new image directories that will contain the links: 

% mkdir east/img 
% mkdir west/img 

The fifth step is to edit the pathnames in the command file produced by IST to match the directories we just 
created. Files should be linked from the real directory to the img directory. The commands will look some- 
thing like this (all on one line). If you are accessing the data across a network via NFS make sure the path- 
names are fully qualified. 

Finally, the last step is to source the command files that have just been edited to execute the commands to 
make the links. These are csh script files which may take several minutes to execute. 

% source WEST-SHELL-COMMANDS 
% source EAST-SHELL-COMMANDS 

Now that all of the links are created you can proceed with processing. 
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3.7. Create Background and Mask Images 

Several operations should be performed prior to running the detection software in order to achieve the high- 
est performance. These steps involve the creation of a background image and three image masks for use by 
the detection software. 

A mode background image should be constructed from the first N images in the current sequence. In the 
mode image, each pixel value is the most frequently occurring value for that pixel location in a training se- 
quence of N images. As a rule of thumb, N should represent about 4 to 8 minutes worth of data (or, at 10 
frames per second, 2400 to 4800 frames). The key consideration is that we require that any given pixel posi- 
tion is free of vehicles for at least half the time. If the sequence starts during a busy time, it may ble neces- 
sary to use a larger number of images to obtain a good background image. The background image is sub- 
tracted from each frame as part of the detection process and is continuously updated to ensure thalt it is as 
accurate as possible. 

A road mask should be constructed to delineate all regions in the image where a vehicle may reasonably be 
expected to appear. This serves to reduce the image area that needs to be processed (reducing processing 
time) and also helps to reduce false alarms on the periphery of the images. 

A line mask should be constructed to delineate all of the lane marker lines on the road surface. These lines 
can sometimes interfere with the detection of vehicles; the line mask helps the detection software avoid 
those errors. 

A vehicle mask image should be constructed which delineates all of the vehicles in the first frame of the 
sequence. The detection system will use the mask to adapt the background image to the first fram~e of the 
sequence. 

The commands to create the background and mask images are shown below. These examples use the run 
named "v092399pm-e" for the file names. The general format for the file names is: 

Create the initial background image: 

% MakeBG -root ./img -fst 0 -1st 2400 -b vO92399pm-e.bg.tif 

Create the road mask: 

% VmeMask -b v092399pm-e.bg.tif -m v092399pm-e.mask.tif 

Create the line mask: 

% VmeMask -b v092399pm-e.bg.tif -m v092399pm-e.lines.tif 

Create the new background image: 

Create the vehicle mask: 

% VmeMask -f irng/000/000001.raw -m v092399pm-e.vehmask.tif 

The MakeBG program does not require user input but the VmeMask program requires the user to draw 
polygons to delineate the areas to be masked. 

Figure 15 shows the VmeMask interface as used to define a road mask, a line mask, and a vehicle mask. 
Figure 16 shows the resulting road mask, line mask, and vehicle mask. 
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Figure 15: VmeMask Interface for Creating Road, Line, and Vehicle Mask Images 
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Figure 16: Road, Line, and Vehicle Mask Images 

Program Documentation: MakeBg 

Overview 

The MakeBg application is constructs a mode background image from the first N images in an image se- 
quence. As a rule of thumb, N should represent about 4 to 8 minutes worth of data. The key conaideration in 
selecting an image sequence is that we hope that vehicles do not obscure the background at any position 
more than half of the time. 

Usage 

% MakeBg [-help] [-p] [-dl -root <vme root> -fst <first frame> -1st <last frame> -incr <incr> 
-list <list file> -b <output bg name> -oldstyle -1 <line mask file> 

Displays the usage statement. 

The directory containing the image directories (000, OOl,..), 

-fst The starting frame number. 

The ending frame number. 

The frame increment value. Used to skip frames. 
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-1 The name of mask image for the road lines. 

-b The name of the background image being created. 

These options are used for debugging and processing of data using the old style directory structure: 

-P Pause between processing steps (for debugging). 

-d Display intermediate steps (for debugging). 

-list Read input images from a file 

-oldstyle Assume the old directory layout for images. 

Example 

The following command creates a background image called v.bg.tif using images ./img/000/000001.raw 
through ./img/002/002400.raw. This process also uses a mask image (v.1ines.tif) to remove the road lines 
from the background. 

' Program Documentation: VmeMask 

Overview 

The VmeMask application creates the binary image masks used by VmeDetect. It is a simple polygon draw- 
ing application that produces a binary image in which the interior of the polygons are set to one and every- 
thing else is zero. It accepts either TIFF images or raw SAVME images as input and always produces a 
TIFF mask image. 

Usage 

% VmeMask [-b <input image> I -f <input image>] -m <output image> 

-b The image being masked in TIFF format. 

- f The image being masked in '.raw' format. 

-m The binary mask image being created in TIFF format. 

To draw a polygon press, 'a' on the keyboard and click with mouse button one to draw the polygon. Click 
mouse button three to draw the final point of the polygon and close the polygon by automatically drawing a 
line between the first and last points of the polygon. Draw as many polygons as necessary. 

To save the mask image to disk, press 'my on the keyboard. 

Examples 

This example displays the TIFF image v.bg.tif and saves the mask image in TIFF format to the file 
v.lines.tif. 

% VmeMask -b v.bg.tif -m v.lines.tif 

This example displays the raw vehicle image 000001.raw and saves the mask image in TIFF format to the 
file v.vehmask.tif. 

% VmeMask - f  img/000/000001.raw -m v.vehmask.tif 
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3.8. Detection 

The VmeDetect application locates the vehicles in each frame of the image sequence and stores their 
boundaries as polygon coordinates. These image polygons are sometimes referred to as "blobs." The Make- 
file system will run detection when the following commands are executed: 

% make be 
% make bw 

# find the east blobs 
# find the west blobs 

The algorithm assumes a background image has already been produced by MakeBg. A mask file produced 
by VmeMask may be used to localize the road surface, a line mask file produced by VmeMask may be used 
to localize the significant lines in the road, and a vehicle mask file produced by VmeMask may ble used to 
delineate vehicles present in the first frame of the sequence. 

Figure 17 shows several stages of detection processing. At the top is the original image with the final poly- 
gons overlaid on it. The second image is the accentuated image which is produced by subtracting the back- 
ground image. The third image shows only the dark and light parts of the accentuated image, which should 
correspond to vehicles. The fourth image shows the expanded regions around the vehicles which are used to 
detect the vehicle boundaries. The fifth image shows the vehicle regions. 

Program Documentation: VmeDetect 

Overview 

The VmeDetect program processes a sequence of images to produce a set of polygonal vehicle bloundaries 
for each image. It updates a background image as part of its processing. 

Usage 

VmeDetect [<specfile>] 

-spec <spec file> specify all parameters in a configuration file insteadl of com- 
mand line where the file format is "-flagname value" (if any) 
on separate lines 

Example spec file: 

-root /var2/vme/v011298e/img 
-fst 1 
-1st 1000 

Note: command line flags are overridden by the spec file 

name of the root directory for this image batch 

the number of the first frame 

the number of the last frame 

skip factor for frames 

a file listing the specific frames to use (mutually exclusive with 
root, fst, 1st) 

the background image for background normalization 
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Figure 17: Detection Example 
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Optional Flags 

[-mask <mask i m ]  the mask for the road surface 

[-line-mask cline mask>] the mask for the location of road lines 

[-old style] indicates that the old style of directories is being use~d 

[-stats <stat dir>] the directory where the stat file will be written 

[-adjbg-strt eprecalced adjusted bg i m ]  use saved bg image to start (Debug) 

write polygons to stats file (Default) 

write bounding boxes to stat file 

verbose mode 

display 

display only frame, accentuated frame and bounding boxes 

pause, waiting for mouse or keyboard (mutually exclusive with 
delay) 

[-delay <msec>] pause for msec milliseconds (mutually exclusive with pause) 

[-ul culx, ulyz] upper left corner for display 

[-freq cadjust frequency>] the frequency of bg adjustment (in frames) 

[-adj <frames for bg adj> the number of frames to use to adjust to the current Ibg 

[-veh-mask <vehicle mask>] the mask for the initial vehicle positions 

[-cname <chipfile name>] name of the file in which to save vehicle chips 

[-conf <conf file name>] name of the file in which to save hierarchical blob confidences 

[-help] print this message 

Keyboard Commands 

<- 

Home 

next step 

recenter and set magnification back to 1 

bring up toolbar 

quit at any time 

print the filename of the current frame 

zoom in 

zoom out 

move right 

move right 

recenter 

3.9. Tracking 
The track application takes the vehicle boundary polygons and determines which represent the same vehicle 
across a sequence of images. A vehicle's appearances in multiple frames are linked together to form a track 
and the vehicle size is determined. Tracking is performed separately for each camera and the reslulting 
tracks are merged into the final trackfile. The Makefile system can be used to run tracking on the east and 
west data in a single run of the track program: 
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# This will make both east and west tracks in one run 
% make nt 

In some cases, such as for large datasets, it may be necessary to run tracking on just one or the other of the 
cameras. This requires manual specification of the track command line and parameters: 

# This makes east/west tracks in two separate runs. 
% track ./vO92399pm-OOl/merge/track-params..txt -east 
% track ./v092399pm-001/merge/track-params.txt -west 

Merging of tracks from the east and west cameras can take place after tracking. However, merging is usu- 
ally performed after the quality control analysis has been performed on the east and west tracks. 

# This will merge the east and west tracks 
% make mt 

Figure 18 shows the display of tracking results. The west image is at the top and the east image is below. At 
the bottom is the overhead view of the road. The complete tracks for all vehicles in the scene are shown as 
yellow lines on the images and on the overhead view. Each vehicle has a red cross on it marking the track- 
ing point. 

Figure 18: Tracking Display 
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Program Documentation: track 

Overview 

The track application uses the blobs.dat file produced by VmeDetect to track a given vehicle's location 
across a sequence of images. It records a vehicle's length, width, and location for each of the images in 
which the vehicle appears. After tracking vehicles separately for each camera, it merges the tracks into a 
single set. It produces a trackfile which is the final deliverable output of the Trackfile Production Subsys- 
tem. 

Usage 

% track -param <param-file> [-help] [-dl [-p] [-west] [-east] [-v] [-merge] [-fl [-hack] 

-param <filename> Specifies the text file containing input parameters. 

-merge Merge existing tracks, do not run tracking again. 

- f Use force file to merge east and west tracks. 

-help Print this usage. 

-west Process only the west camera (for debugging). 

Process only the east camera (for debugging). 

Verbose. Turn extra output on (for debugging). 

-hack Write tracks to file tracks.hack as they terminate (for debugging). 

Input Files 

A set of polygon coordinates describing the position~s of vehi- 
cles in a given image. 

A set of numerical parameters used to convert between image 
and world coordinates. 

survey-1ines.xgraph A plot of the road lines used for display purposes. 

track-params.txt A text file that specifies the names of all inputloutput files. 

Output Files 

tracks.dat 

vehicles.dat 

The vehicle positions tracked across a sequence of images. 

An oriented rectangle fitted to the blobs for tracking purposes. 

Examples 

This command tracks the vehicles in the east and west views, then merges the results together to produce 
world tracks. 

% track -param track-params.txt 

This command only does the merging step. It uses the eastlwest tracks that were produced in an earlier run. 

% track -param track-params.txt -merge 

This command only does the merging step. It uses the eastlwest tracks that were produced in an earlier run. 
It also will force the merging of any track pairs specified in the file force.txt. 

% track -param track-params.txt -merge -force force.txt 
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4. Trackfile Production Quality Control 
In order to support accurate analyses, the SAVME trackfiles must be as close to perfect as possible. The 
only way to ensure that the data quality is sufficient to support analysis is to perform a manual quality con- 
trol process. This process encompasses the review of the data to detect problems and the correction of any 
problems found. Some of the problems that must be corrected include wrong, incomplete, missing, and ex- 
traneous tracks. Figure 19 outlines the quality control process which is discussed in Section 4.1. 

Figure 19: Quality Control Process 

The primary tool used for the quality control process is VMEX, a graphical tool for viewing and editing 
tracks. Figure 20 shows the control panel for the VMEX quality control tool used by analysts to review and 
correct the data. This tool functions in concert with the tracking display shown in Figure 18. VMEX is dis- 
cussed in Section 4.2. 
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Figure 20: Quality Control Tool 

4.1. Quality Control Process 

After the tracking software has run, the resulting tracks must be reviewed and edited by the quality control 
analyst to ensure correctness and to fix any errors. 

Quality Control Tools 
The two tools required for the quality control process are the data management Makefile and VMEX, the 
viewing and editing tool. 

Data Management 

Data management is an important aspect of the quality control process. Original algorithm results and man- 
ual revisions must be recorded and data loss must be prevented. 

Once the blob andlor trackfiles have been generated, they can be checked in using the Makefile target 
check-in-results (abbreviated cr). Checking in the files saves them in the appropriate RCS directo- 
ries in the corresponding Run Directory: 

% make cr 

Note that checking in files does not overwrite the previous checked in versions. The results files from auto- 
matic processing should always be checked in prior to manual editing. Once the tracks have been edited, the 
revised trackfiles should be checked in. 

Viewing and Editing 

VMEX, the viewing and editing tool, is discussed in detail in Section 4.2. The following command starts 
the VMEX editing tool when using the Makefile system: 

% make vx 
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Quality Control Steps 

The five steps of the quality control process as shown in Figure 19 can be divided into two phases: the first 
is for editing and the other is for reviewing. The editing phase of the quality control process is done in three 
steps: deleting and/or correcting bad tracks, adding tracks that are completely missing, and correcting 
merged tracks. The review phase of the quality control process has two steps: checking world tracks and 
checking summary information. 

Delete Bad Tracks and Correct Remaining Tracks 

This step is performed with the VMEX tool in "Track Mode," allowing you to view a single track from the 
east or west view. Step through the tracks one at a time deleting any erroneous tracks. The analyst may also 
want to delete tracks that are partially correct when it would be more work to correct the errors th~an to rec- 
reate the track from scratch. Tracks are deleted by pressing the 'd' on the keyboard. At the same time, the 
editing features of VMEX should be used to correct any tracks that contain minor errors. Typical errors 
include incorrectly placed track points on a vehicle or incomplete tracks. The VMEX tool contains a num- 
ber of features for adding, deleting, and moving track points. For complete details on track editing refer to 
the VMEX documentation in Section 4.2. 

Add Missing Tracks 

This step of the process is performed with the VMEX tool in its normal (movie) mode. In this ste.p, any 
tracks that were missed by the tracking software or were deleted due to errors are added manually. Both 
camera views are viewed simultaneously and errors are corrected as they are found. The process to be fol- 
lowed is: 

Go to the beginning of the image sequence. 
Turn off the track lines by pressing 't' on the keyboard. This will leave just the red crosses marking the 
track points visible on the vehicle. 
'Play' the image sequence and look for vehicles without a red track point. Increase the image skip fac- 
tor to a comfortable level. The skip factor is increased by pressing 's' on the keyboard and decreased 
by pressing 'S'. 
When a vehicle is observed without a track point, stop the display and step backward to the frame 
where the center of the vehicle first becomes visible in the image. Take note df this frame number. 
Add the missing track using the VMEX tool. Track points should be placed on the center of the vehi- 
cle. End the track when the vehicle center is no longer visible. Refer to the VMEX section of this 
document for details on creating new tracks, When the new track is complete, return to the frame noted 
earlier and continue looking for other vehicles without a track. 

Merge the East and West Tracks 

If changes have been made to the tracks then the merged tracks created during automatic tracking will no 
longer be valid. The track program must be used to run just the merging process on the revised tracks. The 
following Makefile command with the merge-tracks target will automatically merge the east and west 
tracks. 

% make mt >& log1 

Any tracks that were promoted'fiom the east or west into a world track without being merged with another 
track are flagged with a warning message. Each warning must be reviewed by the analyst to determine if it 
is an error or not. Each warning may or may not indicate an error. A vehicle may only appear in one camera 
resulting in promotion without merging for several acceptable reasons: 

The image sequence ended before the vehicle entered the other camera view. 
The vehicle originated from a side street in the west view and proceeded west out of the imilge. 
An east bound vehicle turned off on a side street in the west view. 
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If neither of these conditions apply, the warning probably indicates that there is still a missing track in one 
of the camera views. Searching the log file for the word 'Warning' will provide the following list of track 
numbers that should be reviewed using the VMEX tool. 

% grep Warning log1 

Warning: Promoting to world singleton east track 2108: (addr 401261D4): frames 23565 to 23905 
Warning: promoting to world singleton east track 2145: (addr 4012810C): frames 15515 to 15567 
Warning: Promoting to world singleton east track 2211: (addr 4012B7E4): frames 24594 to 25241 

If both the east and west track were present but simply did not merge, note their track numbers so they can 
be forcibly merged. Add any missing tracks now. Force pairs of tracks to merge by creating a text file called 
"force.txt" in the merge directory. The file should list the tracks one pair per line, west track first as follows: 

Run the merging software again, this time using the force-merge Makefile target which will cause the 
force-txt file to be used: 

% make fm >& log2 
% grep Warning log2 

There should be no remaining Warning messages. If there are still warning messages, review the list of 
tracks and repeat this step. 

Check World Tracks 

This step is performed with the VMEX tool in "Track Mode" sequentially viewing single tracks in the 
world view. All of the world tracks should be viewed on the plan view of the road to ensure that the neces- 
sary merges have taken place and that the merges have been performed correctly. 

Final Checkout 

Once the merging is complete, two final steps constitute a summary review of the data. Go to the merge 
directory and execute the ReadBinary perl script: 

% ReadBinary tracks.bin 

Note that the ~ e a d ~ i n a r ~  program does not do byte-swapping so it must be run on a big-endian computer. 
Suns are big-endian but Pentiums are not. ReadBinary produces two files: tracks.bin.ascii and 
tracks.bin.plot. The first file is an ASCII representation of the binary trackfile, used to produce a summary 
of the track information. Execute the following perl script to produce and view the summary: 

% CheckAscii tracks.bin.ascii > summary 
% more summary 

The summary file contains a variety of information and statistics about the vehicles in the trackfile. It pro- 
vides a summary of vehicles, vehicle sizes, track lengths, and other information. One important item is the 
list of all the vehicle sizes that occurred in the trackfile and how many of each size were present. Review 
this data to confirm that no unreasonable sizes are present in the data. Another important item is the list of 
the number of vehicles with various track lengths. This information can be used to find tracks that are suspi- 
ciously short or long which should be investigated further. 

Finally you should view the plot of all the tracks using xgraph: 

% xgraph tracks.bin.plot 

Look for stray tracks outside the boundaries of the road or any other unexpected occurrences. 
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4.2. VMEX 

VMEX, the Vehicle Motion Environment Explorer, is the tool used for viewing and editing tracks. 

To run VMEX using the Makefile system, issue the following command: 

% make vx 

To run VMEX directly from the command line, issue a command such as: 

% vmex ISAVME-HOMEIv092099pm-001lmergeltrack-params.txt 

Program Documentation: vmex 

Overview 

VMEX, the Vehicle Motion Environment Explorer, is a tool for displaying the east and west images, the 
vehicle polygons, and the tracks that are generated by the detection and tracking software. Additionally, the 
tracks may be edited. VMEX also allows users to hand-edit flawed vehicle tracks to make final corrections 
in cases where the detection and tracking software have made mistakes. 

Usage 

% vmex param-file 

pararn-file A pathname for a parameter file. This file is usually called 
"track-params.txt". It is usually located in the "merg:e" subdi- 
rectory of a Run Directory. 

VMEX Windows 

VMEX comes up with 6 separate windows. Only two are normally used: the Image Display and t.he Control 
Panel. The other four windows, TrackChart and Timeline for East and West should just be minimized be- 
cause they are not oftenused. 

Image Display 

The VMEX Image Display opens with three main objects visible as shown in Figure 21. 

a The West Image 
The East Image 

* The World View 
The areas covered by the West and East images overlap. There is a sidewalk toward the top right side of the 
west image, and another one toward the top left side of the east images. Although they slant in opposite di- 
rections due to the perspective difference between the two cameras, they are the same sidewalk. 

The World View is a depiction of the area covered by both cameras, shown as though you were looking 
straight down fiom above. There are gray lines representing the curbs and lanes, and colored lines repre- 
senting the tracks of vehicles translated from the coordinate frames of the images into the world ~zoordinate 
frame. 

Control Panel 

Here is a quick description of what all the controls on the VMEX Control Panel do. They are all numbered 
in Figure 22. 
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Figure 21: VMEX Image Display 

Figure 22: VMEX Control Panel 
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1. The current frame number. 

2. Skip back to the first frame. 

3. Skip back to the most recent marked frame. (There's a keyboard command that "marks" (a frame. 
Just hit 'm') 

4. Go back one frame. (disregarding the skip factor) 

5. Play backwards. 

6. Stop playing. 

7. Play forward. 

8. Step forward one frame. (disregarding the skip factor) 

9. Skip forward to next marked frame. (See 3.) 

10. Skip forward to the last frame. 

11. Save changes to disk. Hit this to save any changes. Save changes frequently and just before quit- 
ting. VMEX doesn't provide a popup warning if you try to quit without having saved edits. 

12. Kill a track. Select this button and then go click somewhere. The track that has a vertex c:losest to 
where you clicked will be deleted. 

13. Make a new track. 

13.1 Hit the button to get started. (Make sure you're already at the correct frame for the start of the 
track.) 

13.2 Now go and click where the first point of the track should be. If the position is bad, click 
somewhere else; you will be moving the current point, not creating a new point. 

13.3 To create the next point in that track, go forward one (or more) frames and click on the de- 
sired point with the mouse. A cyan line segment will appear, with the most recent point as its 
new endpoint. 

13.4 Keep advancing frames and hitting new points until the track is complete. Then cliclk the new- 
track button again to get out of this mode. 

Note: If you advance more than one frame at a time before hitting the next point on the track, VMEX 
will add the correct number of points in between the two that you actually hit. It has to do thils, because 
every track must have a defined location at each frame in between (and including) its start and end 
frames. VMEX linearly interpolates as many points as necessary between the two points defined by the 
analyst. This feature can save a lot of time. There are many cases when vehicles come to a stop, or 
move very slowly across the field of view. It is much slower to click on the vehicle's position in every 
frame than to increase the skip factor (see keyboard commands) to 5 or 6, and only hit every fifth or 
sixth frame, letting VMEX interpolate as needed. 

14. Extend a track. Hit this button to make a track longer than it already is. Then go hit the track you 
want to lengthen. If you click close enough to one of its edges, it will highlight in cyan. Now posi- 
tion yourself timewise in the frame just past the end of the track. (If you are in any frame: where the 
track's position is already defined, nothing will happen.) (And if you're in any frame before the 
track nothing good will happen.) 

Click anywhere, and the track will be extended by one frame to the manually selected position. 

Extend does not allow you to extend a track into the past. Extend does allow you to extend more than 
one frame at a time into the future, but it doesn't interpolate the way that MakeTrack (# 13, above) 
does. 

15. Edit. This is used to move some points in an already-existing track. Click on the button, and then 
click on the track to edit. It will highlight in cyan. Now click somewhere. The current track point 
(the track's location at the current frame) will change to the point you hit. Click as many times as 
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needed; only the current point will move. You can move other points in the selected track by mov- 
ing in time to their frame. Note that a red cross indicates the current point of each track. 

16. Delete to End of Track. Hit this button, then select a track. The track selected will lose all points 
after the current point. With this tool, there is no concept of first selecting a track and then acting 
on it. 

17. Merge two tracks. Hit this button, and then hit two tracks. If the two can be merged (ideally, one 
starts just after the other ends) they are combined into a single track. 

Note that this function is only for merging two tracks that are in the same view. Another type of 
merging is done between two tracks from different views. That is done by the tracking software, 
and is not handled by VMEX. 

18. The Track Display Control. This control has six boxes, each of which can turn on or off the display 
of one type of track. The types are {west, east, merged} (image, world} tracks. Here is a brief de- 
scription for each type. 

West Image Tracks that appear in the west image. 

East Image Tracks that appear in the east image. 

Merged Image 

West World 

East World 

Merged World 

The same as Merged World, below. 

Tracks that originated in the West Image, displayed in World 
Space. 

Tracks that originated in the East Image, displayed in World 
Space. 

Tracks created by merging one West track and one East track. 
These are only displayed in the World Space display, at the 
bottom of the image display window. 

Usage hint: It is a recommend that you use this control when you are viewing Merged Tracks in 
Track View Mode. This control removes the east and west components of the merged tracks to 
simplify the display. 

19-25. Track View Mode 

For high traffic density, there may be too many tracks at once on the screen. It is difficult to see whether 
there are problems with some of the tracks. 

Track View Mode eliminates all but one track on the screen: the first track on the List of All Tracks. This 
track will be highlighted in cyan. At the same time, the image display current frame changes to be the first 
frame containing the displayed track. At the first frame, however, the vehicle that caused the track may be 
hard to identify. Use the keyboard-only command F2 to rotate through the first, middle, and last images 
containing the vehicle. 

In Track View Mode, navigate forward or backward in the track list by hitting buttons 22 and 20, respec- 
tively. The number of the track being displayed is in item 21. Track View Mode begins with tracks in the 
West image (assuming you just started running VMEX). Navigating using the forward button (# 22) will 
eventually bring up tracks in the East image. 

The track-number displayed does not increase sequentially. It may skip some numbers if the corresponding 
tracks have been deleted (for example, in a prior run of VMEX.) There are two separate numbering sys- 
tems for west and east. When you pass from the west to the east tracks, the track number restarts at 0. 

Use buttons 23-25 to limit which tracks are shown in Track View Mode. Hit " W  to iterate only through the 
west tracks, " E  to iterate only through the East tracks (both of those groups will show up in their respective 
images) and " M  to show only merged tracks, down in the world-space display. For example, to skip all the 
west tracks, hit the " E  button (#25)to go directly to first track in the east list. 
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28-30. Changing the Vehicle Size 

In Track View Mode, items 28 and 29 display the length and width of the vehicle that made the current 
track. Edit the vehicle size by typing a new value into item #28 (the length) and hit the save buttoin (# 30). 
Changing the vehicle width is not possible, because it is always calculated with a table lookup based on the 
length. 

Note that the save button (#30) does not save to disk. It only saves the new vehicle length and the width that 
has been calculated from it to the internal vehicle data structures. Nothing is saved to disk until you hit but- 
ton #11. 

Keyboard Commands 

Some VMEX commands are available as both a button on the GUI and a letter on the keyboard. Some ana- 
lysts prefer keyboard commands for speed. Note that some VMEX commands are available only on the 
keyboard. 

Below is a list of all keyboard commands. 

Navigating Within a Window 

+ zoom in 

left arrow 

zoom out 

move window left by 10 pixels 

right arrow move window right by 10 pixels 

up arrow move window up by 10 pixels 

down arrow 

shift arrow 

move window down by 10 pixels 

move window by 50 pixels 

ctrl arrow move window by 250 pixels 

alt arrow move window by 500 pixels 

Navigating in Time 

F 

B 

CTRL-f 

CTRL-b 

ESC 

S 

takes you immediately to a "standard" view. Zoom factor 1, 
with both images centered on your window. 

brings up the R2 toolbar. VMEX is built on top of E!2. This 
toolbar has a button (the one at the top) that lets you create a 
new window. Briefly, your images and tracks, etc., are all lo- 
cated in a 2D space. The window is just a window omto that 
space. If you make another window, it will be a window onto 
the same space, looking at the same things. So if you make a 
change in one window you'll see it happen simultaneously in 
all the other windows. 

step forward one frame-delta (or "skip factor"; default is 1 
frame) 

step backward one frame-delta (default is 1 frame) 

play forward by frame-deltas (default is 1 frame) 

play backward by frame-deltas (default is 1 frame) 

stop playing 

increase frame delta by 1 ("s" for "skip") 
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decrease frame delta by one. 

M 

HOME 

END 

TAB 

Usage hint: use this skip factor to review or to make tracks 
more quickly (new tracks will be linearly interpolated between 
frames). 

increase the delay between frames by 100 msec, to "play" for- 
ward or backward more slowly. 

decrease the delay between frames by 100 msec. 

toggle "wrap mode". With wrap mode on, navigating past the 
last frame leads to the first frame. 

mark the current frame. Navigate to marked frames with but- 
tons #3 and #9. (Also see 'tab', below.) 

unmark the current frame. If it is not marked, nothing happens. 

skip to the first frame 

skip to the last frame. 

skip (forward only) to the next marked frame. Does not wrap 
around, regardless of wrap mode. 

go to a specific frame number. 

You need to have the window open from which you originally 
ran VMEX to run this command. You get this prompt in the 
window: 

Please enter a frame number: 

A frame number outside the range for the current data set pro- 
duces an error message such as: 

Frame number 1 2  i s  ou t  of bounds. The bounds are: 60000 t o  95584 

Otherwise, the display changes to make the selected frame cur- 
rent. 

Application Control 

9 

? 

Display and Hiding 

t 

In Track View Mode, the display jumps to the first frame of 
each new track viewed. F2 then rotates through the First 
Frame, Middle Frame, and Last Frame for the track. 

go to a specific track (in   rack View Mode only). The window 
from which you started this VMEX session must be open. You 
will be prompted for a track number. It will be interpreted as 
the index of an east, west, or merged track depending upon 
which set is currently being viewed. 

quit the application (no save!) 

print help info to stdout. 

toggle the display of the vehicle tracks to reduce visual clutter 
when checking that all the vehicles are tracked. Tracked vehi- 
cles are marked with a red cross. 

This command also brings up a new toolbar (discussed above); 
close the spurious toolbar every time. 
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Editing 

X 

j 

Delete the currently selected track. 

In Track View Mode, translate the entire selected track down 
one pixel. This is useful for tall vehicles such as trucks whose 
track points tend to be too high, resulting in an offset in the 
position of the vehicle on the road. 

In Track View Mode, translate the entire selected track up one 
pixel. 

Mouse-Only Commands 

When you have a track selected, either in Track View Mode or Normal Mode click near the track. The 
display will change the current frame to be that of the point on the selected track that is closest to where 
you clicked. 
Right-click to get the World Point. The x and y world coordinates of the image points (in feet) are dis- 
played in the window where you originally started VMEX. 
Usage hint: Sometimes used to judge the quality of the current camera calibration. Select a feature that 
you can clearly identify in both east and west images, and right-click on it in both images. The coordi- 
nates should agree within a couple of feet. 

This feature is also useful for finding and fixing camera synchronization problems. When the cameras 
are out of synchronization, a vehicle in one camera will lag behind the vehicle in the other. The dis- 
tance of the lag helps to determine the number of frames difference between the cameras. For example, 
a car traveling 60 ftlsec will travel 6 feet between images. If the position of the car in the east and west 
cameras differs by 12 feet then the cameras are probably 2 fiames out of sync. 
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5. Trackfile Production Algorithms 
The two principal algorithms of the Trackfile Production Subsystem are the detection algorithm, which per- 
forms image processing to detect vehicles in images and the tracking algorithm, which performs symbolic 
processing to track vehicles over time. An understanding of the algorithms is not necessary for operation of 
the system but it is helpful for understanding the performance of the system. A good understandir~g of the 
algorithms is necessary prior to modifying the software to improve performance or to make adaptations for 
different operating conditions. 

5.1. Detection Algorithm 
The detection algorithm processes the images and outputs polygon boundaries for the vehicles that it de- 
tects. It must compensate for the inevitable problems in the image data such as illumination variability, oc- 
clusion, distortion, and noise. Figure 23 shows an overview of the detection algorithm. 

Figure 23: Detection Algorithm 
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Detection Steps 

Background lmage Adjustment 

The first task is to adjust the global background image to the first frame of the current sequence. This is 
done in one of two ways: 

If a vehicle mask has been specified on the command line, then we will read that mask, and adapt the global 
background using a delta-rule for all non-masked pixels. In other words, when we know that a pixel location 
does not overlap a vehicle in the original frame, we will adjust the value of the corresponding background 
pixel to move towards the frame pixel. The equation is 

de l t a  = f rameqixel  - b g j i x e l  
b g q i x e l  = b g q i x e l  + f rac t ion * d e l t a  

In the case of the vehicle mask, we'll use fraction = 0.5 because we are highly confident that the adjustment 
we are making is not mistakenly moving our background towards a vehicle intensity. Masked pixels are 
then incremented by the average change applied over the column in which that pixel is found. 

If we don't start with a vehicle mask, we will adjust pixels in a more conservative way so as to bring the 
adjusted background into better agreement with the first frame. In this case the deltas we may apply are 
thresholded so that any mistakes will not cause a detrimental phantom in the adjusted background image. 

If we start the run with a "line mask" image, we will use this mask to deaccentuate strong lines that occur in 
the road surface--primarily lane markers. This process reduces the probability that these strong edges will 
cause the accidental joining of two vehicles or distort the boundary of a vehicle crossing them. 

Ratio lmage Generation 

Once we have an adjusted background image, we want to compute the ratio image for the current frame. 
The ratio is between the foreground and the current adjusted background image. The image is constructed 
by analyzing the histogram of all of the pixel ratios and attempting to divide the distribution into three dis- 
tinct regions. It is evident that most pixels in the image should have a value close to the background - even 
with up to 20 vehicles, background should still dominate. The three areas correspond to a low range con- 
taining dark vehicles and shadow; a mid-range between the high-dark threshold and the low-bright thresh- 
old, containing background and unclassified sections of vehicles; and, a high range containing bright vehi- 
cles. The thresholds are determined by using the Otsu algorithm. The dynamic range of the final ratio image 
is stretched within each of the three regions separately to increase the overall dynamic range. We have to be 
careful here not to stretch the high or low range when there are no vehicles present because the stretching 
can make it appear that there are vehicles. 

We compute metrics on the ratio image relating to the distribution of pixels into the three regions mentioned 
above as well as the standard deviation of the image. Based on these measures we can decide whether or not 
we have a "good" ratio or one that may require some other processing. In the case of poor registration be- 
tween the current frame and the background, we have devised a spiraling approach that finds a better regis- 
tration (assuming that the difference is strictly translational). If the image is good, we start to isolate and 
extract the vehicles. 

Vehicle Extraction 

Vehicle extraction from "good" ratio images follows a strategy in which we first want to find regions in the 
ratio image in which we believe that vehicles are present. The regions need to be generously sized so that 
they err on the side of including more background area rather than cutting off parts of vehicles. The general 
process is as follows: 

Break up the ratio image into the three areas: dark, bg/unclassified, and bright. Vehicles almost always have 
some parts in the dark and light ranges - windshields, and vehicles shadows fall on the dark side, while 
hubcaps, bumpers and specular reflections fall on the bright side. From these vehicle parts, we want to also 
extract pieces of vehicles that remain in the "unclassified" zone. This is primarily done through some opera- 
tions that pull out pixels from the "unclassified" range based on proximity and various attributes. Once this 
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step is complete, we have a pretty good idea of where to expect vehicles. Finally, we binarize this image to 
use as a mask in the next stages of extraction. 

To make sure we have full vehicle coverage we grow out the binary mask using dilation. Some of the grow- 
ing is biased towards the top of the image because it is often more difficult to get the high side of some 
large vehicles. 

Now that we have generous regions, we want to do a more precise job of finding vehicle boundaries. We 
intersect the mask with the ratio image to extract just those grayscale regions containing vehicles. We then 
compute the morphological gradient of these regions: a mechanism for computing edges in an im~age. 

The morphological gradient in this case does a very nice job of finely delineating the vehicles. One problem 
is that if the background image had strong edges (which they always do - lines on the pavement, cracks, tar 
strips, curbs, etc.) then these edges may appear in the ratio image as well. To compensate, we compute a 
global edge image for the adjusted background and subtract this image from the morphological gradient of 
the current ratio image to retain only those edges that are related to the vehicles. After cleanup and some 
thresholding, we then have very tight bounds on the vehicles in the current frame. 

Vehicle splitting is the crucial step that increases the accuracy of the detection of individual vehicles. A 
suite of strategies was developed that addressed various aspects of the imagery that caused merged vehicles. 
The components that represent joined vehicles often have a "pinched" appearance. One splitting approach 
utilizes image processing tools to find these "pinches," assess the likelihood that the region represented two 
or more vehicles and split them accordingly. Another approach utilizes the fact that even though the binary 
components of two vehicles may be merged, the grayscale representation may be quite different. They may 
be quite separable using that dimension. Note that color images would greatly simplify the job of vehicle 
detection due to the greatly increased likelihood that color would distinguish vehicles from the road surface, 
shadows, and neighboring vehicles. A final heuristic for splitting involves horizontally merged vehicles with 
dimensions much larger than the expected size of any car or truck. These regions were examined and split 
vertically as appropriate. 

The final stage of vehicle processing uses a neural network trained to discriminate feature sets derived from 
image chips containing vehicles and those containing only road surface, shadows, or junk. This process 
served to filter out potentially spurious noise and false vehicles. This is important to prevent phantom vehi- 
cles being "burned" into the background in subsequent steps and also ultimately aided the tracking process 
by removing false, confusing candidates. 

The final step is to adjust the background image in the same fashion as described above - given that we 
know where vehicles occur here we can use the delta rule to adapt background pixels to the illumination 
conditions occurring in the present frame. 

For each vehicle region in the image, fit a polygon to the boundary and write it to the output file. 

5.2. Tracking Algorithm 

The tracking algorithin uses the polygon vehicle boundaries generated by detection to track a given vehi- 
cle's location over a sequence of images. It records a vehicle's length, width, and location for ea~ch of the 
images in which the vehicle appears and then makes an overall estimate of the vehicle's dimensions. It pro- 
duces a trackfile which is the final deliverable output of the Trackfile Production Subsystem. The tracking 
algorithm compensates for the inevitable errors produced by the detection algorithm such as missing vehi- 
cles, extra vehicles, merged vehicles, and split vehicles. 

At a high level the system goes through these steps: 

Initialize all the data objects for the entire sequence. 
Perform track analysis on the east. 
Perform track analysis on the west. 
Merge the east and west tracks into world tracks. 
Write out the results. 
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Through various command line parameters it is possible to limit the processing done by the system. This 
includes the following options: 

Perform track analysis on the east only. 
Perform track analysis on the west only. 
Merge the east and west tracks produced by an earlier run. 

With large data sets that contain heavy traffic it is often necessary to perform the processing in smaller steps 
to minimize memory requirements. All tracking for the current production effort was performed on a com- 
puter with 256MB of memory and at least 256MB of swap. 

Figure 24 shows an overview of the tracking algorithm. 

Figure 24: Tracking Algorithm 

Tracking Steps 

Initialization 

The application reads in only the data necessary to perform tracking; it ignores any previous results (vehi- 
cles, tracks) that may be present. The required data include blob coordinates and the camera calibration 
transformation parameters. By default the application reads data for both the east and west cameras. You 
can specify that only data from one camera be processed by using the -east or -west command line pararne- 
ters. This is often necessary when processing large data sets with heavy traffic. Each data object (Vme- 
World, VmeView, VmeFrame, VmeBlob, VmeTransform) is capable of initializing itself by reading its data 
from a text file. The system also sets up some parameters that define the image boundaries for each of the 
camera views. There are different camera anomalies in each of the two data collections (1996, 1999) which 
cause a black stripe to appear on one or both vertical edges of the image. 

Track Analysis 

The tracking examines each frame of the sequence and tries to match the blobs present in a frame to the 
currently existing tracks. If a blob is matched to a track the track continues into the next frame. If no blobs 
are matched the track is either terminated (when its near the image edge) or a prediction is used (when its in 
the image center). Any blobs that are not matched (and are near the image edge) are assumed to be the be- 
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ginning of new tracks. Unmatched blobs in the center of the image are assumed to be spurious results from 
the detection phase. The general structure of tracking is as follows: 

Loop over all frames 
Loop Over open Tracks 

Predict the next vehicle location based on previous locations 
If the track has only 1 point 

Use that point 
else 

Calculate location from last two points 
If the current frame is corrupt 

Use predictions for all open tracks 

Loop Over all open tracks 
Loop over blobs in this frame 

Calculate distance between blob and predicted track point: 
if distance is within tolerances 

Add blob to candidate match list 
Sort blobs from nearest to farthest. 

The algorithm recursively builds a match tree that considers all possible matches of blobs to tracks. The 
best matches are considered first and the tree is limited to 10,000 nodes. Each node of the tree contains a 
score that indicates how far the blob was from its matched tracks predicted position. The terminall nodes of 
the tree contain the sums of all the scores along the path that leads to the terminal node. As the tree is built, 
a pointer to the terminal nodes is stored in a match array for later sorting. 

Perform a selection sort on the match array. The sort is aborted as soon a valid match is found. A valid 
match is one in where each of the blobs is assigned to zero or one track. An invalid match is one where a 
single blob is assigned to two or more tracks. 

Use the valid match we have selected to assign the blobs to their assigned tracks and perform various record 
keeping functions. 

Loop over all open tracks 
If no blob was assigned to the track 

If the last track point is near the image edge 
Terminate the track. 

else 
Use the predicted location (limit to 10 consecutive predictions) 
Create new open tracks from any blobs that were not assigned. 

Merging 

Tracks from the east and west cameras are merged together to form world tracks. We simply loolp over the 
east tracks comparing them to all the unmerged tracks in the west. If at least three of the overlapping track 
points fall within the same nine by five foot region the tracks are considered a match. The two tracks are 
then blended into one track. The non-overlapping points from each camera remain unchanged. The points 
from the overlap region are calculated using a weighted average. The points furthest from the edge of their 
respective image are given the most weight. This is because distortion is greatest at the edges of the image 
and the coordinates are less reliable. Merged tracks are marked so that they are not considered for future 
matches. During this process we also consider a manually specified list of tracks to be forcibly matched. 
Whenever a forced match pair is encountered we skip the comparison of point locations and go sight to the 
track blending section. 

Write the Data 

The data is written to disk as a trackfile in the (big endian) binary format specified by UMTRI. The format 
is documented in the appendix. 

Class Overview 
The following is a brief description of the intended use for the main classes used in the tracking system. 
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Class VmeWorld 

The VmeWorld Class provides a top level view of the system. It encapsulates the data from the east and 
west cameras, the final merged data created from combining east and west tracks and the road survey data. 
It also contains parameters that define the constraints imposed upon the merging algorithm. his includes 
things such as the maximum XIY distance allowed between matched points and the number of points that 
must match before a track is merged. 

Class VmeView 

The VmeView class contains all the data obtained from a single camera (east or west). This includes values 
such as coordinate transformation values, starting and ending frame numbers, constraints on the image size 
due to camera defects as well as all the vehicle blob and track information for each frame of the image se- 
quence. The VmeView object contains the Track method that performs the vehicle tracking function. 

Class VmeFrame 

The VmeFrame class contains the data describing a single frame from the image sequence. This includes the 
blob coordinates obtained from VmeDetect and the vehicle coordinates. The vehicles are simply oriented 
rectangles that have been fitted to the blobs. This object also contains a flag that indicates when a given 
image is corrupt due to camera faults. 

Class VmeBlob 

The VmeBlob class contains the tracking point and coordinates of a single blob in both image and world 
coordinates. 

Class VmeTransform 

The VmeTransform class is used to transform between image and real world coordinates. Its data consists 
of all the camera model parameters and other constants required by the Tsai camera model. This data is 
produced by the calib application. 

Class VmeVehicle 

The VmeVehicle class contains the tracking point and polygon coordinates of a single vehicle in both image 
and world coordinates. It also records the length and width of the vehicle, the frame that it appears in and 
the track to which it was assigned. 

Class VmeTrack 

The VmeTrack class contains all of the data that describes a single track. A track is the path that a given 
vehicle follow through a sequence of images. A track is described by the frame in which it starts and ends, 
the number assigned to the track, the location of the vehicle in each frame of the image and the vehicles 
median length and width across the sequence. 

Class VmeParameters 

The VmeParameters class contains all of the parameters that describe a tracking run. This includes the 
names of all the input and output data files as well as the starting and ending frame numbers. The Vme- 
Parameter object initializes itself from a text file with a standard format. 

Nonlinear Dynamics Incorporated 



6. Summary 
The SAVME Trackfile Production Subsystem has been used successfully to produce 18 112 hours of track- 
files. The analysis of these trackfiles by UMTRI has demonstrated the tremendous value of the information 
which can be derived from trackfile data. To move forward with this technology two areas need to be ad- 
dressed: 

The effort required to adapt the Trackfile Production Subsystem to process data from a new data 
collection with different conditions should be reduced to facilitate collections from multiple sites. 
The effort required for quality control analysis during the production of trackfiles should be reduced in 
order to increase the amount of data that can be processed in a reasonable amount of time. 

The adaptation time and expense for a new data collection may be significant, depending on how closely the 
new conditions match the old conditions. Collection conditions of significance include imaging g~eometry, 
layout of the scene, and collection system characteristics. The recommended approach is to use the adapta- 
tion for a new data collection as an opportunity to generalize the adaptation process which will reduce the 
efforts required for further collections. 

Quality control time and expense can be reduced by addressing the following three issues: 

Improved image quality will reduce the number of errors generated by the software. 
Adjustments and enhancements to the tracking software will reduce the number of errors generated. 
Improvement of the quality control tool and process will result in more efficient use of analyst effort. 

The experience gained through the production effort has exposed many areas where there are opportunities 
for improvement of the software and the process. Additionally, the corrected trackfiles produced at the end 
of this project are a valuable resource for further development of the algorithms which was beyond the 
scope of the production effort. 

The demonstrated value provided by the analysis of trackfile data and the potential for cost reductions in the 
production process validate that this technology and process should be carried forward into future collec- 
tions of larger scope. 
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7. Appendix 
This appendix provides documentation for the two data formats required for data transfer to and from the 
Trackfile Production Subsystem. The Image Data Tape Format specifies the tape format for transferring 
images from the Data Collection Subsystem to the Trackfile Production Subsystem. The Trackfille Data File 
Format specifies the file format for transferring track data from the Trackfile Production Subsystem to the 
Trackfile Archiving and Analysis Subsystem. 

7.1. Image Data Tape Format 
The SAVME images are stored on tape in two different formats depending on the year the data was col- 
lected. The tape reading program can handle either format and in most cases will determine the correct for- 
mat automatically by checking the size of the header record. SAVME images are 768 column by 200 row 8 
bit grayscale images with 8 extra bytes added to the end containing the image number (153608 bytes). 

1996 Tape Format 

The 1996 format uses records of three different sizes. The first record on the tape is a 98-byte header that 
contains information about the date and time of the collection as well as the weather conditions. The re- 
mainder of the tape consists of the image data. Each image is broken into ten segments of 15360 bytes. The 
first nine segments are written to the tape as 9 records of length 15360 bytes. The last segment has eight 
extra bytes appended to the end for the image number and is written to tape as record of 15368 bytes. After 
every 600 images (1 minute of data) a tape mark is written. The table below shows the records constituting 
the header and the first image on the tape. 

1996 Tape Format 
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8 

9 

10 

11 

15360 

15360 

15360 

15368 

1/10 of the image data 

1/10 of the image data 

1/10 of the image data 

1/10 of the image data + 8 byte image number 



1999 Tape Format 

The 1999 format uses fixed length records of 38402 bytes. The first record on the tape is a header that con- 
tains information about the date and time of the collection as well as the weather conditions. Only the first 
180 bytes of this record are used. The remainder of the tape consists of the image data. Each image has 
eight extra bytes appended to the end for the image number and is broken into four equal size pieces of 
38402 bytes ((200*768)+8)14 = 38402. After every 600 images (1 minute of data) a tape mark is written. 
The table below shows the records constituting the header and the first image on the tape. 

1999 Tape Format 

Tape Header Format 

For both tape formats, the header has the same format. The table below shows the contents of the 180-byte 
tape header. The Padding fields are the result of byte alignment constraints in the C structure which is writ- 
ten to (and read from) the tape as a unit. 

Record # 

1 

2 

3 

4 

5 

Tape Header Format 

Size (bytes) 

38402 

38402 

38402 

38402 

38402 
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Header information: Date, time, weather, version # 

Approximately !A of the image data 

Approximately !A of the image data 

Approximately !A of the image data 

Approximately !A of the image data + 8 byte image number 

1 6 4 1 7  

1 8 4 9 7  

984177 

1784179 

short 

char[80] 

char[801 

char[2] 

Unused 

Comment 

Weather 

Padding 



7.2. Trackfile Data File Format 

A binary tracMile consists of a stream of records. Each record is preceded immediately by a record header, 
which specifies the type and size of the record. This data format is designed so that additional record types 
may be added as needed. Three types of ricords have been defined. 

The binary trackfiles produced to date contain two different data record types: Data Set ID and Vehicle 
records. The data format is designed so that additional record types may be added as needed. The file be- 
gins with a Data Set ID record that describes the overall data set and is followed by a number of vehicle 
records, one for each vehicle that appears in the image sequence. The data file is written in big ~endian 
byte order. 

Record Header 

A 5-byte Record Header that indicates the type and size of the following data record prefaces each record in 
the trackfile. 

Record Header 

Record Data Length 

Record Type Code 

This unsigned char indicates the type of information contained in the following data record. Additional re- 
cord types can be defined as necessary. The current record types are: 

OOh Comment Record 

Olh Data Set ID Record 

02h Vehicle Record 

Record Data Length 

This 32-bit unsigned integer defines the length in bytes of the following data record. 

Comment Record 

The Comment Record is used to place a comment in the trackfile. This might be used to indicate a unique 
occurrence in an adjacent vehicle file or to add relevant information at the beginning or the end of the track- 
file. Comment records have not been used in any of the data produced to date (March 2000). 

Comment Record 

Byte # Description of Field C I  
ASCII Text Comment 

This field can contain any valid ASCII text and may be up to 232 bytes long. 
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Data Set ID Record 

This record provides information about when the trackfile information was collected and identifies the 
software versions used to collect and process the data. There is only one Data Set ID Record per trackfile. It 
is always at the very beginning. 

Data Set ID Record 

Software Version 

These four unsigned char values identify the software versions that generated the data in the trackfile. 

Byte # 

0 4 3  

4 4 7  

8+167 

Software Version Fields 

Description of Field 

Software Version 

Date & Time of Data Collection 

ASCII Collection Title 

Date and Time of Data Collection 

Byte # 

0 

1 

2 

3 

This is a 32-bit integer value that conforms to the standard "C" library functions for time handling. The ap- 
propriate library is "time.hn The time represents the number of seconds since January 1, 1970 Coordinated 
Universal Time (formerly known as Greenwich Mean Time (GMT)). 

Description of Field 

Trackfile Production System Major Version 

Trackfile Production System Minor Version 

Data Collection System Major Version 

Data Collection System Minor Version 

ASCII Collection Title 

This is a 160 byte fixed length ASCII field used to title the trackfile. The space past the end of the title is 
padded with zeros and the 160" byte will always be zero. If more space is needed a comment record is used. 

Vehicle Record 

This record is used to describe the characteristics of each individual vehicle. There is one record for every 
vehicle that appears in the image sequence. Vehicles are listed in the trackfile in the order in which they 
first appear in the image sequence. 
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Vehicle Record 

Vehicle Identification Record 

This is a 32-bit unsigned integer that uniquely identifies the vehicle the record refers to. The vehicles are 
numbered sequentially based on when they first appear in the image sequence. 

Byte # 

0+3 

4 4 5  

6+9 

10-+13 

14415 

16417 

1 8 4 2  1 

22+35 

36+49 

. . . 
22+(14*(NLR-I)) + 22+(14*NLR)-1 

Special Vehicle Status 

Description of Field 

Vehicle Identification Number 

Special Vehicle Status 

First Frame Present 

Last Frame Present 

Vehicle Width 

Vehicle Length 

Number of Locations Recorded (NLR) 

Vehicle Location Packet(1) 

Vehicle Location Packet (2) 

... - 
Vehicle Location Packet (NLR) 

This 16-bit unsigned integer is a series of flags used to identify special situations that occurred while track- 
ing the vehicle. This field has not been used and the value is always set to OOh in the current data. 

OOh Normal status 

Olh The vehicle began to be tracked while already inside the area of regard. This could be a 
parked car that begins moving or at the beginning of a data collection set. 

02h The vehicle stopped and did not move for a short period of time. E.g. traffic back-up. 

04h The vehicle was written to the trackfile before leaving the scene. Probably because the 
vehicle stopped for an excessive length of time. 

O8h Reserved. 

First Frame Present 

This 32-bit unsigned integer is the image frame number in which the vehicle first appears. 

Last Frame Present 

This 32-bit unsigned integer is the final image frame number in which the vehicle appears. 

Vehicle Width 

This 16-bit unsigned integer contains the width estimate of the vehicle. The units are in feet. 

Vehicle Length 

This 16-bit unsigned integer contains the length estimate of the vehicle. The units are in feet. 
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Number of Locations Recorded 

This 32-bit unsigned integer is the number of frames the vehicle was in the viewable area. Each frame 
represents 1/10' of a second. 

Vehicle Location Packet 

This data packet describes the back the vehicle takes by specifying position of the vehicle in a given frame. 
There is one vehicle location packet for every frame in which the vehicle appeared. 

Vehicle Location Packet 

Vehicle Position X Centroid Estimate 

Byte # 

N+N+3 

N+4+N+7 

N+8+Ntll  

N+12+N+13 

N+14+N+17 

This 32-bit float is the estimated position of the vehicle X centroid in feet with the origin as specified by the 
survey. 

Description of Field 

Vehicle Position X Centroid Estimate 

Vehicle Position Y Centroid Estimate 

Heading 

Standard Error Estimate 

Originating Sensor 

Vehicle Position Y Centroid Estimate 

This 32-bit float is the estimated position of the vehicle Y centroid in feet with the origin as specified by the 
survey. 

Vehicle Heading 

This 32-bit unsigned integer field is the estimated heading of the vehicle. These values are currently always 
set to zero. 

Standard Error Estimate 

This 16-bit integer field is the standard error associated with the centroid estimates. These values are cur- 
rently always set to zero. 

Originating Sensor 

This field is a 32-bit long mask indicating which sensor(s) the data was collected from for this vehicle in 
this frame. The stations are 1 , 2 , 4 ,  8, 16, 32,64, 128,256, . . .. Three would indicate Stations 1 and 2. ( 1  
Boolean Anded with 2) 

For the ERIM data collection site, the East sensor is 1 and the West sensor is 2. In the overlap region where 
data from both sensors is used to specify the position of a vehicle, the sensor number will be 3. 
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1.0 Subsystem for SAVME Trackfile Archiving and Analysis 

1.1 Overview 

UMTRI received binary files from NDI containing the data extracted from the video. 
UMTRI imported those data into a Microsoft Access database using an UMTRI-written 
program called DBMaker. Additionally, the DBMaker application performed filtering on 
the raw data and calculated data for the relationships among the vehicles (such as range 
between vehicles). 

A custom program, VMEAnimator, was used to simulate the vehicles traveling on the 
road. It read the vehicle data from the database and displayed the vehicles on the road as 
animation. This tool gave us a visual sense of the data and allowed for informal 
validation of the data by comparing it to corresponding clips from the video. 

Analysis was performed using queries on the database. Data were exported to Microsoft 
Excel for statistical analysis and graphing. 

1.2 Trackfile Binary Data 

Trackfile data were stored in a binary format readable by the DBMaker program. 
Trackfiles data were divided into batches with one batch per file: A batch is a continuous 
collection of data. For example, a batch might be the data for Thursday, Novembler 21, 
1996 from 10:06 am to 11:37 am. The length and times of batches is arbitrary and niot set 
to a fixed format, such as hour-long segments starting at the top of the hour. 

Trackfile data files contained the following types of information: batch information, 
vehicle header, and vehicle location data packets. 

Batch information describes the batch file. It contains the following data: The title of the 
batch, the date and time the data was collected (when the road was videotaped) and the 
versions of the software NDI used to process the data. Batches are identified for reference 
by the date and time of collection as well as the version of NDI's image-processing 
software used to process the data. All of the batches on the databases use the same 
version of the image processing software. There is only one batch file information entry 
per batch file. 

Vehicle header information describes each vehicle in the trackfile. The following data are 
stored in the header for each vehicle: an identification number, the number of location 
samples, the first frame in which the vehicle appears on the road, the last frame in which 
the vehicle appears, the vehicle's length, the vehicle's width. There is one vehicle header 
entry for each vehicle in a batch file. 

Vehicle location packets contain data about the vehicle from the time it ente:rs the 
viewing area to the time it exits. The video cameras sampled the scene at a rate of ten 
times per second. For each sample, a vehicle location packet was created. The vehicle 
location packet contains the X and Y position of the vehicle in road coordinates. The 
number of vehicle location packets is variable depending on how many samples there are 
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of the vehicle (i.e. how long the vehicle was on the road). The number of vehicle location 
packets is stored in the vehicle header. 

An example of a segment of a trackfile is shown in text form in Table C-1. The data were 
formatted in three columns to save space. The batch information data and the vehicle 
header data are highlighted in bold. 
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HEADER PACKET 
packet type: 1 
packet length: 168 
proc major version: 2 
proc minor version: 0 
coll major version: 1 
coll minor version: 7 
time: 848759096 -> Sat Nov 23 
09:24:56 1996 
title: v112396b-002 60600 - 96599 
Thu Dec 16 14:26:43 1999 

VEHICLE PACKET 0 
packet type: 2 
packet length: 562 
tracknum: 0 
first-frame: 60600 
last-frame: 60629 
width: 5 
length: 15 
num-frames: 16 

LOCATION PACKET 0 
x: 320.191497802734 
y: 9.55507373809814 

LOCATION PACKET 1 
x: 324.879425048828 
y: 9.8967399597168 

LOCATION PACKET 2 
x: 333.717742919922 
y: 9.60790157318115 

LOCATION PACKET 3 
x: 340.446685791016 
y: 9.87508201599121 

LOCATION PACKET 4 
x: 347.5625 
y: 9.64815521240234 

LOCATION PACKET 5 
x: 354.232269287109 
y: 9.44053554534912 

LOCATION PACKET 6 
x: 361.484161376953 
y: 9.69398593902588 

LOCATION PACKET 7 
x: 367.967163085938 

LOCATION PACKET 8 
x: 374.7371 82617 188 
y: 9.77785587310791 

LOCATION PACKET 9 
x: 382.059448242188 
y: 9.57657814025879 

LOCATION PACKET 10 
x: 388.471038818359 
y: 9.87622356414795 

LOCATION PACKET 1 1 
x: 395.863983 154297 
y: 9.22195720672607 
LOCATION PACKET 12 
x: 402.3583984375 
y: 9.53862380981445 

LOCATION PACKET 13 
x: 409.290802001953 
y: 9.38276100158691 

LOCATION PACKET 14 
x: 416.034332275391 
y: 9.23865509033203 

LOCATION PACKET 15 
x: 422.5079345703 12 
y: 9.58801937103271 

VEHICLE PACKET 1 
packet type: 2 
packet length: 796 
tracknum: 1 
first-frame: 60600 
last-frame: 60642 
width: 6 
length: 17 
nukframes: 23 

LOCATION PACKET 0 
x: 224.144577026367 
y: 22.252761 8408203 

LOCATION PACKET 1 
x: 230.702285766602 
y: 23.0391540527344 

LOCATION PACKET 2 
x: 237.493255615234 
y: 22.1681003570557 

LOCATION PACKET 3 
x: 244.210556030273 
y: 23.4968376159668 

LOCATION PACKET 4 
x: 25 1.150146484375 
y: 23.5750389099121 

LOCATION PACKET 5 
x: 257.976928710938 
y: 23.6704444885254 

LOCATION PACKET 6 
x: 264.870025634766 
y: 23.3324375152588 

LOCATION PACKET 7 
x: 271.519256591797 
y: 22.4999771 118164 

LOCATION PACKET 8 
x: 278.745574951 172 
y: 22.0675277709961 

LOCATION PACKET 9 
x: 285.468414306641 
y: 22.2790145874023 

LOCATION PACKET 10 
x: 292.605529785156 
y: 23.0795383453369 
LOCATION PACKET 11 
x: 298.671966552734 
y: 22.01466941 8335 

LOCATION PACKET 12 
x: 305.543792724609 
y: 21.6551895141602 

LOCATION PACKET 13 
x: 3 12.390625 
y: 21.7598419189453 

LOCATION PACKET 14 
x: 3 18.878021240234 
y: 21.4321041 107178 

LOCATION PACKET 15 
x: 325.990783691406 
y: 21.5281791687012 

LOCATION PACKET 16 
x: 332.980895996094 
y: 20.7556209564209 

LOCATION PACKET 17 
x: 339.615356445312 
y: 20.4576873779297 

LOCATION PACKET 18 
x: 346.278930664062 
y: 21.0386199951172 

LOCATION PACKET 19 
x: 353.29541015625 
y: 21.3797981262207 

LOCATION PACKET 20 
x: 360.515106201 172 
y: 21.75 12474060059 

LOCATION PACKET 21 
x: 367.4741 82128906 
v: 21.0886707305908 

LOCATION PACKET 22 
x: 374.162353515625 
y: 21.3011913299561 

LOCATION PACKET 23 
x: 381.087585449219 
y: 21.530818939209 

LOCATION PACKET 24 
x: 387.705230712891 
y: 21.7944259643555 

Table C-1, Example of Track file Data 
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1.3 DBMaker Application 

The DBMaker application converts trackfile data into a Microsoft Access database. 

1.4 How Time is Represented 

The date and time at which the cameras began recording is stored in the Trackfile Info 
Table. All time values are offsets from this starting time. The camera sampled the scene 
once every ten seconds. Each sample is called a frame and frames are numbered, starting 
at zero, from when the camera began recording. Batches do not necessarily begin when 
the recording began. Therefore, it is common for the first frame of the first vehicle 
tracked to have a frame value greater than zero. Frames are stored as integers. Fields that 
use the name Time, such as Encounter Time and Time, are stored as real values. Time 
values store tenths of a second. 

The First Frame Present and Last Frame Present fields, in the Trackfile Header table, 
store the frame count from the time the cameras began recording. This makes an absolute 
measure upon which the other fields are based. The Encounter Time field in the Trackfile 
Info table stores the First Frame Present as a real value representing the time since the 
cameras began recording. 

The Time field in the Trackfile Data field is a real value measuring the seconds since the 
Encounter Time for that vehicle. It can be considered a relative measure of time. 

The Time field in the Inter-vehicle Variables table is a real value which represents the 
time in seconds since the cameras started recording. It is derived by adding the time in 
seconds to the Encounter Time for the host. It is an absolute measure of time. 

1.5 Microsoft Access Tables 

DBMaker creates the following six tables: Trackfile Info, Trackfile Header, Trackfile 
Data, Inter-vehicle Variables, Important Error Header, and Important Error Data. The 
first three correspond to the three types of data from the trackfiles. The fourth is a table of 
inter-vehicle relationships calculated from the vehicle data. The last two tables are error 
tables. 

Trac@le Info Table 

The Trackfile Info table contains the batch information. Table C-2 lists the fields and 
their meaning. Table C-3 is an example of a Trackfile Info table with data. 
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Table C-2. Trackfile Info Table 

Key 

No 

No 

No 

No 

NO 

No 

Yes 

Field Name 

PsVersionMajor 

PsVersionMinor 

DcVersionMajor 

DcVersionMinor 

CollectionTime 

CollectionTitle 

BatchID 

Table C-3. Example of Trackfile Info Table with Data 

Description 

NDI's image processing software major revision version 

NDI's image processing software minor revision version 

ERIM's data collection major version. 

ERIM's data collection minor version. 

The date and time, in local time, at which the batch data collection was begun 
i, e., the road was videotaped. 

The title assigned to the batch assigned by NDI. The title includes the name 
of the file, the frame number of the first frame collected, the frame number of 
the last frame, and the date and time of the image processing by NDI. 

A unique identifier assigned to the batch by the DBMaker application. The 
Batch ID and the Vehicle ID, from the other tables, uniquely identify every 
vehicle in the study. 

PS Version 
1 Major 

2 

2 

2 

2 

2 

2 

2 

2 
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PS Verslon 
Minor 

0 

0 

0 

0 

0 

0 

0 

0 

DC Version 
Major 

1 

1 

1 

1 

1 

1 

1 

1 

DC Version 
Minor 

2 

2 

6 

6 

6 

6 

7 

7 

Collection 
Time 

11/6/96 

1 1/6/96 

11/7/96 

11/7/96 

1 1/10/96 

11/1 0196 

11/21/96 

11/21/96 

Collection Title 

~110696-001 6001 - 37931 Tue Jan 11 15:52:10 2000 

~110696-002 37932 - 73931 Mon Jan 10 16:26:11 2000 

~110796-001 200 - 29099 Wed Jan 19 13:1:3:09 2000 

~110796-002 291 00 - 58000 Fri Jan 14 121 4:40 2000 

~111096-001 50 - 27000 Fri Jan 21 18:00:4:7 2000 

vl 1 1 096-002 27001 - 63000 Tue Jan 25 17:30:56 2000 

~112196-001a 1200 - 10399 Thu Jan 20 11:26:15 2000 

~112196-001 b 10400 - 17999 Tue Feb 1 1:1:33:55 2000 

BatchlD 

1 

2 

3 

4 

5 

6 

7 

8 



Trackfile Header Table 

The Trackfile Header table contains information characterizing each vehicle. The 
BatchID and VehicleID fields are the keys and are used to uniquely identify every vehicle 
in the study. Table C-4 shows the names of all of the fields and their meaning. 

Table C-4. Trackfile Header Table 

Field Name 

BatchID 

Vehicle ID 

Encounter Time 

FirstFramePresent 

LastFramePresent 

FirstX 

Last X 

FirstLane 

LastLane 

VehicleLength 

In Table C-5, one can see a sample of twenty vehicles from batch 0. Note that the 
Encounter Time is merely the First Frame Present divided by 10. 
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Description 

The identifier for the batch from the Trackfile Info table. 

An identifier for the vehicle assigned by NDI. The BatchID and VehicleID 
fields are the keys and are used to uniquely identify every vehicle in the 
study. 

The time, in seconds from the beginning of the time the batch was recorded. 
It is a real value that is equal to one-tenth the value of the FirstFramePresent. 

The first frame the vehicle appears in. The first frame in a batch is 0. Every 
image captured (ten times per second) counts as a frame. 

The last frame the vehicle appears in. 

The filtered X value of the vehicle from the first frame in which it appears. 

The filtered X value of the vehicle from the last frame in which it appears. 

The lane in which the vehicle enters the scene as determined from its Y 
value. 

The lane from which the vehicle exits the scene. 

Key 

Yes 

Yes 

No 

No 

NO 

No 

No 

No 

No 

No - 
Vehiclewidth 

NumLocRecords 

The width of the vehicle, derived from a table based on the length. 

The number of vehicle location records. This value is the same as the 
(LastFramePresent value minus the FirstFramePresent value) + 1. 

No 

No 



Table C-5. Example of a Trackfile Header Table 

TrackJile Data 

The Trackfile Data table stores the individual vehicle location entries. For every frame, it 
stores the X and Y location of the vehicles. The table key fields are the BatchID and 
VehicleID, which identify the vehicle, and Time. Time is a real value measured relative 
to the Encounter Time field of the Trackfile Header table. 

There are two types of data in the Trackfile Data table: raw data from the binary 
trackfiles and filtered data derived by performing calculations on the raw data. The 
filtering is called Kalman filtering. Kalman filtering perfoms several functions. It 
smoothes out a vehicle's motion according to laws of physics. It derives other data 
variables such as a vehicle's velocity, acceleration, and heading. 

Table C-6 shows all of the fields and indicates whether they are filtered or raw. 
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Table C-6: Trackfile Data Table 

Field Name 

BatchID 

Vehicle ID 

Time 

X 

Y 

Heading 

Filtered X 

Filtered Y 

Filtered 
Heading 

Lane 

Forward 
Velocity 

Lateral Velocity 

Acceleration 

Yaw Rate 

Front Wheel 
Angle 

Table C-7 presents a trackfile listing for vehicle 2 as it turns left from the center left-turn 
lane heading east and vehicle 3 as it enters the scene driving east in lane L1. 
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Description 

The identifier for the batch from the Trackfile Info table. 

An identifier for the vehicle assigned by NDI. The BatchID and 
VehicleID fields are the keys and are used to uniquely identify every 
vehicle in the study. 

The time in seconds since the encounter time. 

The X position of the vehicle in road coordinates. 

The Y position of the vehicle in road coordinates. 

The Heading angle of the vehicle. In this version, always set to 0. 

The Kalman filtered X position of the vehicle. 

The Kalman filtered Y position of the vehicle. 

The heading angle of the vehicle, in degrees, relative to East. 
Vehicles in the eastbound lanes, 1 and 2, have headings close to 0. 
westbound vehicles in lanes -1 and -2, have headings close to 180. 

The lane the vehicle is in based on the Filtered Y position. 

The estimated forward velocity of the vehicle in feet per second. The 
forward velocity is measured along the centerline of the vehicle, 
with positive being forward. 

The estimated lateral velocity of the vehicle in feet per second. The 
lateral velocity is measured along the lateral body axis, orthogonal to 
the longitudinal axis and positive to the right. 

The estimated longitudinal acceleration in feet per second squared. 

The rate at which the vehicle is rotating in yaw with clockwise being 
positive, in degrees per second. 

The estimated angle, in degrees of the front wheels relative to the 
centerline of the vehicle, with clockwise being positive. 

Filtered 

No 

No 

No 

No 

No 

No 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Key 

Yes 

Yes 

Yes 

No 

No 

No 

No 

No 

No 

No 

No 

No 

No 

No 

No 
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Inter-vehicle Variables Table 

The Inter-vehicle Variables Table contains data about the relationships between all 
vehicles that coexist on the road at any given time. For every vehicle entry in the 
Trackfile Data table, the vehicle's relationship with every other vehicle is calculatedl. The 
reference vehicle is called the host, while the other vehicles are called targets. Each host 
has as many targets as there are vehicles on the road at the same time as the host. Each 
target also has a host entry in the table. The fields of the Inter-vehicle Variables table are 
listed in Table C-8. An example of an Inter-vehicle Variables table is shown in Table C- 
9. 

Batch ID I The identifier for the batch from the Trackfile Info table. 1 yes  
I 

Field Name 

I Host Vehicle I An identifier for the vehicle which is the reference of comparison. I y e s  

Description -b= 

I Time I The time, in seconds, since the cameras began recording. It is the same as the encounter I Yes 

Target 
Vehicle ID 

I time plus the elapsed time. + 
An identifier for a vehicle which is on the road at the same time as the host. Y 

Range 1 The distance, in feet, between the host and target vehicles' centroids. 

[ Range-rate I The rate, in feet per second, that the host is approaching or withdrawing from the target. 1 No 

Alpha 

Table C-8. Inter-vehicle Variables Table 

The angle, in degrees, between the centerline of the host and the target, measured positive 
in the clockwise direction (0 to 180 degrees) and negative in the countercloclkwise 
direction (0 to -1 80 degrees). N 
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Table C-9. Inter-vehicle Variables Table 
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Important Error, Header and Important Error, Data 

The fields and the keys of these tables are identical to those of the Trackfile Header and 
Trackfile Data tables. These two tables contain entries for vehicles that have less than 20 
samples recorded. The Kalman filtering algorithm requires a minimum of 20 samples to 
work correctly, so the minimum samples required for a valid vehicle are set to 20, which 
represents 2 seconds. There were 85 vehicles represented in these tables in the 19916 data 
and 5 vehicles in the 1999 data. Typically, the vehicles in these tables were those that 
were exiting the road at the beginning of a batch although some correspond to tracking 
errors. 

1.6 Data Analysis 

Once the data are in a Microsoft Access database, analysis is straightforward. Queries are 
used to select scenarios of interest. The results of these queries can be graphled by 
exporting the data to Microsoft Excel or viewed using the VMEAnimator app1ic:ation. 
The examples in the following section illustrate the use of these tools. 

Statistical analysis is performed by exporting data into a Microsoft Excel spreadsheet. 
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1.7 Data Animation 

A custom application, VMEAnimator, was used to animate the data. The animator was 
used to visually represent the data in motion. It used a query defined using Microsoft 
Access, to select a scenario that the user wished to visualize. It would display all of the 
vehicles that were the result of the query and animate their motion on the road. The 
vehicle ID'S were optionally displayed along with the time so that the user could identify 
interesting or unusual vehicle behavior. Figure C-1 shows a single image from the 
VMEAnimator. 

Figure C-1. Frame of Animation from VMEAnimator 

The animations illustrate the heading angle and the size of the vehicles as well as their 
position on the road. 

The wire frame diagonal lines indicate the view range of the two video cameras. In the 
animation frame of figure C-1, vehicle 27 is in the process of passing vehicle 26. Their 
sizes suggest that they are small trucks. 

The animator was used to informally verify the data. First, a general verification was 
achieved by viewing the data, looking for anomalies. For example, early in the study 
some unusual vehicle behavior was found. One of the vehicles jumped horizontally and a 
few disappeared or merged into other vehicles. Improvements in the tracking algorithm 
later resolved the problem. 

Second, animated sequences were compared to the corresponding video clips. While this 
was not a precise measurement of the accuracy of the data, one could see that the tracking 
results were at least physically possible. 

The animator was also used to find interesting scenarios for further investigation. A U- 
turn maneuver caught the attention of one researcher while viewing the animated tracks. 
A query was performed on the database to see how many other vehicles performed 
similar maneuvers during the recordings, yielding one other case of a U-turn. 
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2.0 DBMaker 

2.1 Overview 

DBMaker converts binary trackfiles into Microsoft Access databases. It can be used to 
make a single database from multiple trackfiles or it can make one Access database for 
each traekfile it converts. 

2.2 How to Convert Binary Files into Databases 

1. Select the binary file with the menu command File: Open Binary File.. . . I[t will 
bring up the open :File dialog. You can only select one binary file at a time. Select 
the file you wish to convert. 

2. Create the new database by selecting File: New Database.. . . This will bring up 
the Close File dialog for you to save the new database. If you have opened the 
binary file already, the default name for the database will be the name of the 
trackfile. You may name the database anything you wish so long as you keep the 
.mdb extension. 

3. Select File: Run. A message dialog will appear to report the progress of the 
conversion. When the dialog closes, the conversion is complete. 

Once the file has been converted, the File: Run menu option will be dimmed until you 
open a different binary file. 

To make a new database for each trackfile, repeat all three steps. 

To convert more binary files to the same database, repeat steps one and three. 

2.3 Options 

There are a couple of options that you can set before converting files. They can be 
accessed by the file command View: Options. That will bring up the Options dialog 
shown in figure C-2. 
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3.0 VMEAnimator 

The VMEAnimator application creates animations of the vehicle data stored in the 
SAVME database. It is used to visualize and informally verify the data. Figure C-3 
illustrates a single frame of animation taken from the VMEAnimator. 

Figure C-3. A Frame of Animation 

3.1 Defining A Query to Animate 

The VMEAnimator uses a query to select data to animate. The query is defined using 
Microsoft Access before the animator is run. The query is created by joining the Trackfile 
Header Table with the Trackfile Data Table on the Batch ID and Vehicle ID fields. 

The query requires that the following fields be present: 

From the Trackfile Header Table: 
Batch ID 
Vehicle ID 
Encounter Time 
Vehicle Length 
Vehicle Width 
Num Loc Records 

From the Trackfile Data Table: 
Filtered X 
Filtered Y 
Filtered Heading 

The Batch ID should be selected to a single value. If more than one Batch ID is in the 
query and they have overlapping times, overlapping vehicles will be animated at the same 
time. 

The unfiltered values for X, Y, and Heading need to be included in the query if the "Use 
Filtered Values" option is not selected in the Options Dialog. 
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3.2 Running the VMEAnimator 

To animate a query, perform the following steps: 

1. Open a database from the File: Open. .. menu item. It brings up the Standard 
Open Dialog for you to choose a Microsoft Access database. Choose a database 
that stores the SAVME data you wish to animate. 

2. From the Options Menu, choose the Options: Options ... item that brings up the 
Options Dialog. The Options Dialog is illustrated in the section below along with 
explanations of all of the options. 

3. The Query combo item shows the queries available to animate. If the Query 
combo item is empty, you haven't defined a query to animate. 

4. Select any other options and select OK. 

5.  From the Animate Menu, select the Animate: Start From Beginning item. 

In order to use the Show Detailed Road feature, two support files, camera.txt and 
surveypoints.txt, need to be in the same folder as the VMEAnimator application. 

3.3 Animation Menu 

There are several ways to run animations listed under the Animation Menu, Animations 
can run continuously or be single stepped, one frame at a time. Animations can stop and 
be started again from the current time or from the beginning. Animations cannot run 
backwards. The table below shows the Animation Menu items and how they work. 

3.4 Animator Options 

Menu Item 

Start From Beginning 

Continue From Current 
Position 

Stop 

Step Forward 

Refresh 

There are several options that can be set to serve different purposes. Most of the options 
can be set in the Options Dialog, while a number of the options are also available from 
the Options Menu. The table below shows the Options Menu items and what they do. 

Description 

Starts an animation from the beginning time specified in the 
time option. 

Starts animating at the current time. 

Stops the current animation. The vehicles freeze on the road 
and the scene can be examined. 

Steps the animation a single frame at a time. 

Redraws the current frame. 
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Superimpose Vehicle 

Instead of erasing the vehicle from the last frame before drawing the new frame, this 
option draws all of the frames. The vehicles leave trails, which allows their paths to be 
traced. 

Detailed Road 

This option draws the road in detail including blue lines that represent the cameras' range 
of view. In order to use the this feature, two support files, camera.txt and 
surveypoints.txt, need to be in the same folder as the VMEAnimator application. These 
files provide the data needed to draw the camera's range of view and the details of the 
road, such as the lane markers. 

Show Vehicle IDS 

This option displays the vehicle IDS as tags attached to the vehicles. 

Crash Detection 

The Crash Detect Option defines the parameters for the animator's crash detection 
algorithm. If two vehicles get within a threshold distance, information about the situation 
is recorded in the file specified. The Crash Margin is how close two vehicles need to get 
in order to trigger a crash encounter situation. If set at zero, the vehicles would have 
made contact. Since vehicles are tracked by their centers, half of the length or width of 
vehicles should be considered when setting this parameter. The Output file specifies the 
path of a text file to which the crash data are stored. This option was part of the phase one 
version of the program and has not been tested in this version. Figure C-4 illustrates the 
Crash Detection Dialog. 

Figure C-4. Crash Detection Dialog 

Brings up the Time Dialog that allows the user to set the Start Time, End Time, and Time 
Step of the animation. The Start and End Times allow you to concentrate on the tirnes of 
the query that is of interest without changing the query. The Time Step sets the amolunt of 
time between each frame of the animation. The smaller the value, the faster the animation 
runs. Figure C-5 illustrates the Time Dialog. 
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Figure C-5. Time Dialog 

Show Next Vehicle Information 

Shows the vehicle ID of the next vehicle in the animation. 

Show Previous Vehicle Information 

Shows the vehicle ID of the previous vehicle in the animation. These were phase one 
options that are untested in this phase. 

Options 

Brings up the Options Dialog. 

3.5 Animator Options Dialog 

The most important function of the Options Dialog is selecting the query to be animated. 
Otherwise, the Options Dialog sets all of the options in the menu listed above. Figure C-6 
illustrates the Options Dialog. 

Figure C-6, Options Dialog 
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The Options Dialog has five parts: Query to Animate, General, Crash Detection, 'Time, 
and Save Frames. Several of these are redundant with the Options Menu Items. 

The Query to Animate Combo Box displays the queries in the database. When opening a 
new database, you must select a query to animate in order to make the animator work. 
The Animate Combo Box displays all queries in the database, not just those which, have 
the correct fields for animating. It is up to you to choose queries which can be animated. 
If the Query to Animate Combo Box is empty, either you have not selected a database or 
no queries are defined in the database selected. 

The General Options cover basic parameters for animations. Three of the items are also 
listed under the Options Menu discussion above. Here are the General Options andl their 
meanings. 

Show Animation 

This was a phase one feature. If it is not selected, the vehicles are not drawn. It hiis not 
been used in this version. 

Display Vehicle IDS 

This option displays the vehicle IDS as tags attached to the vehicles. 

Display Detailed Road 

This option draws the road in detail including blue lines that represent the cameras' range 
of view. 

Superimpose Vehicles 

Instead of erasing the vehicle from the last frame before drawing the new frame, this 
option draws all of the frames. The vehicles leave a trail. 

Use Filtered Data 

Uses the Kalman filtered data for the X, Y, and Heading parameters of the vehicles. Since 
the unfiltered heading is always 0, this option must be selected in order for Display 
Heading to work. 

Display Heading 

Shows the vehicle's heading. The animated vehicle rectangles are rotated to reflect: their 
heading angle. 

The Time Options set the Start and End Times of the animation. If the Use Start/End 
Times in Database option is selected, the animator uses the first Encounter Time in the 
query for the Start Time and uses the last Encounter Time plus the elapsed time on the 
road for the End Time. In order for this option to work properly, the Start Time anti End 
Time need to be set to zero. 

The Crash Detect Option defines the parameters for a simple crash detection algorithm. If 
two vehicles get within a threshold distance, information about the situation is recorded 
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in the file specified. The Crash Margin is how close two vehicles need to get in order to 
trigger a crash encounter situation. If set at zero, the vehicles would have made contact. 
Since vehicles are tracked by their centers, half of the length or width of vehicles should 
be considered when setting this parameter. The Output file specifies the path of a text file 
to which the crash data are stored. This option was part of the phase one version of the 
program and has not been tested in this version. 

The Save Frames Option saves animation frames as bitmap images in the Output 
Directory. This option was used to create the bitmaps used in this report, for example. 
The animator creates up to 26 bitmaps, named "a" through "z". If more than 26 frames 
are captured this way, the files are reused. This prevents the hard drive from being 
accidentally filled with bitmap files. 

3.6 Database Info... 

Information about the database can be found from the View Menu: Database Info.. . item. 
It brings up the Database Information Dialog. The Database Information Dialog contains 
the following information: The Database Name and full path, the Processing .and 
Collection Software Versions, the Collection Date and Time, and the Collection Title. 
Except for the file name, all of the data in this dialog comes from the Trackfile Info 
Table. An example of the Database Information Dialog is shown in the figure below. 
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