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Michael S. Anderson

2469 E. FORT UNION BLVD., SUITE 114
SALT LAKE CITY, UT 84121
(801) 733-5458 – FAX: (801) 733-5491
WWW.CFANDE.COM

March 26, 2015

Sandra Douglass Morgan, Esq.
Christopher D. Craft, Esq.
North Las Vegas City Attorney
2250 Las Vegas Blvd. North, Suite 810
North Las Vegas, NV 89030

RE: Glover v. Cargile, City of North Las Vegas

Dear Ms. Morgan and Mr. Craft:

I completed my initial analysis of this incident and submit this report for your consideration. I used standard 
methods and techniques of investigation as well as applying fundamental principles of engineering, physics, and 
biomechanics. In brief, I have a bachelor's degree in mechanical engineering, a master's of science degree in 
physics, and a master's of engineering degree in bioengineering. This education affords me a unique perspective 
regarding how people interact with and are affected by our surrounding environment. The course work and my 
experience in mechanical engineering covered concepts of statics, dynamics, solid mechanics, material science, 
etc. This education and experiences was augmented by my graduate work in physics and bioengineering. My 
education and experience in physics extended the foundations of mechanical engineering into advanced 
dynamics, measurement and instrumentation, and other typical courses in physics. My experience and education 
in bioengineering, with an emphasis in biomechanics, included anatomy with a cadaver dissection lab, 
physiology, micro cellular biology, biomaterials, biomechanics, and other graduate level medical and 
engineering courses addressing the human body from an engineering perspective. My engineering education 
required acquiring and applying a working knowledge of higher mathematics, inorganic, organic, and 
biochemistry, biology and other allied fields. 

During my work experience, and specifically at Evans & Sutherland, I studied the details of the human 
vestibular, proprioceptive, visual, and hearing systems and how we interact with our environment as I designed 
and implemented mathematical models for incorporation into the control systems for a multi-degree of freedom 
motion system for the vehicle/driving simulator I helped design and implement. I was specifically the principle 
engineer designing and coding these models for use in controlling the motion system as well as developing 
various parts of the vehicle dynamics model, force feedback, and data acquisition systems. I also had the 
opportunity to work in a department developing head and eye tracking systems for our military and commercial 
flight simulators. In this job, I was tasked with developing the control system software including the feedback 
models for controlling the target and detail projectors. 
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I spent the past 20 years acquiring and applying this education1 and experience in a forensic setting. This 
education and work background affords me the ability to combine and apply this education and experience in 
physics, mechanical engineering, and biomechanical engineering to the various aspects of a dynamic event in 
reconstructing and analyzing dynamic events such as the subject incident. I drew on this education in mechanical
engineering, bioengineering, and physics, as well as my additional education and studies specifically in accident 
reconstruction and the biomechanics of trauma, and my experience in order to understand and interpret the 
evidence, facts, and results of this analysis and investigation. All opinions expressed herein are to a reasonable 
degree of scientific probability.

I examined the following material in addition to my own research:
• Two photographs of the vehicles at rest and the interior of Ms. Glover's vehicle;
• Ms. Cargile's answers to requests for admissions and interrogatories;
• Depositions of:

◦ Officer Byrne;
◦ Sergeant Cargile;
◦ Ms. Glover;

• Report by Mr. Sam Terry;
• Property damage report and photographs of Officer Cargile's vehicle;
• Traffic accident report (TAR);

I considered the facts and best evidence contained in the provided documentation as well as my own research in 
the context of my education and experience modeling and analyzing vehicle dynamics and handling. I then 
performed calculations and analysis to determine the most likely collision speeds, changes in speeds, and 
accelerations for the vehicles. The analysis I performed relied on calculations made with PC-Crash software by 
DSD Engineering. This software is based on Newton’s Impulse–Momentum method and has been verified 
against staged collisions and has been used by myself to support my testimony in courts in Utah, California, and 
Nevada. PC-Crash has been accepted in courts world-wide as a scientific tool for analyzing vehicle accidents 
(see attached for a partial list of courts and cases in which PC-Crash was admitted). 

Newton's Impulse-Momentum formulation does not require an input of crush damage or energy, therefore, a 
hands on inspection or photographs are not scientifically required to effectively use the simulation engine of PC-
Crash to accurately determine collision speeds, times, distances, and changes in speeds despite the 
misrepresentations of some not properly trained in physics and engineering. Other time, distance, and speed 
calculations if needed were performed based on other standard kinematic and kinetic relationships. Some 
publications by the Society of Automotive Engineers are given here for reference, 

• “Reconstruction of Twenty Staged Collisions With PC-Crash’s Optimizer,” Cliff, Moser, SAE 2001-01-
0507

• “Validation of the Coupled PC-Crash-Madymo Occupant Simulation Model,” Steffan, 2000-01-0471
• “Data From Five Staged Car-To-Car Collisions and Comparison With Simulations,” Bailey, SAE 2000-

01-0849
• “The Collision and Trajectory Models of PC-Crash,” Steffan, Moser, SAE 960886

1 I earned my degree in Bioengineering in 2001.
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• “The Measured Rolling Resistance of Vehicles for Accident Reconstruction” Cliff, Bowler, SAE 980368

PC-Crash was used for simulation, testing, and investigation in lieu of physical testing in this case which 
afforded repeatable, verifiable, and safe testing using the validated vehicle dynamics and crash model of PC-
Crash. Using the validated PC-Crash simulation model allowed me to investigate the effect of various 
parameters effectively, while constrained to physical laws and relationships in a way which can be repeated and 
analyzed by any other qualified reconstructionist using PC-Crash, other validated computer models, or 
physically with vehicles.

PC-Crash:
PC-Crash is a validated well known, widely used and accepted simulation program tailored for vehicle collision 
reconstruction. The foundation derives from Newton's laws, primarily the equation “Force = Mass * 
Acceleration”, rewritten as “Force * Change in Time = Mass * Change in Velocity” or “Impulse = Change in 
Momentum.” It is used in an iterative manner adjusting input parameters, such as velocity, orientation, and so on,
while comparing the results to the available physical evidence bound by the constraints of the particular 
geometry of the area of the collision and other facts and evidence as recorded by the investigating officer and 
where physically possible and not in conflict with the evidence or physical law, testimony of the parties and 
witnesses. In many instances, the PC-Crash program has a built in optimizer which can be employed. The 
optimizer automates the solution process and minimizes the output error. This process has been shown to yield 
results within a few percent of actual crash data used for comparison. 

One of many available outputs of PC-Crash is typically the change in velocity of the vehicles. Because PC-Crash
performs thousands of individual calculations during the solution (PC-Crash preserves these data for analysis by 
several means), it is not usually practical to print or provide the individual data points, however these data can be
displayed in graphs or in 2 dimensional or 3 dimensional animated computer graphic output using 3D vehicle 
shapes and objects where appropriate from within the PC-Crash environment. The data are also available for 
output to a spreadsheet if further data processing is warranted, but this feature is not commonly employed due to 
the difficulty in interpreting or examining these data.

PC-Crash is also uniquely suited for side-swipe type collisions where a common velocity is not achieved 
between the colliding vehicles. From the user manual, 

“The default impact model in PC-Crash is a momentum-based 2 or 3 dimensional model that relies on 
restitution rather than vehicle crush or stiffness coefficients. This model assumes an exchange of the 
impact forces within an infinitely small time step at a single point, herein called 'impulse point'. Instead 
of resolving the impact forces over time, only the integral of the force-time curve (the impulse) is 
considered. This model, which was described first by Kudlich [Kudlich, H., “Beitrag zur Mechanik des 
Kraftfahreug-Verkehrsunfalls,” Dissertation TU-Wien, 1966] and Slibar [Slibar, A., “Die mechanischen 
Grundsätze des Stoßvorganges freier und geführter Körper und ihre Anwendungauf den Stoßvorgang 
von Fahrzeugen,” Archiv für Unfallforschung, 2. Jg., H. 1, 1966, 31ff], contains the means to calculate 
'full impacts' (impacts in which a common velocity is reached by the impact areas of the two vehicles) 
and 'sliding impacts' (impacts where no common velocity is reached, commonly called sideswipe 
impacts).”

PC-Crash has approximately 3000 users worldwide and approximately 300 in the United States. It has been 
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accepted on numerous occasions as support to my testimony in district courts in Nevada, California, and Utah.

Testing performed has shown that the actual transfer of impulse (or momentum) during a typical collision occurs
over a time frame of between 0.1 and 0.2 seconds. Because of this short time period, the forces can be 
considered of short duration and impact dynamics methods may be accurately used to study the interaction. PC-
Crash implements such a method using Newton’s impulse momentum form of his equations.

My assignment was to analyze this collision in the context of the report authored by Mr. Terry. 

General circumstances:
The general circumstances of this collision are:

• DOL 11/5/2012, 0153 hours.
• Intersection of Cheyenne Avenue and 5th Street, North Las Vegas, NV.
• Two vehicles each one with only one occupant.
• Ms. Glover was eastbound on Cheyenne in the #3 of 3 travel lanes driving a 1995 Chevrolet Cavalier;
• Sergeant Cargile was northbound on 5th Street running lights and siren in a marked 2008 Ford 

Expedition.
• The collision occurred when the Ford was partially into the intersection and the Chevrolet skidded into 

the intersection where the Ford and the Chevrolet collided.

TAR:
Officer Byrne investigated the accident and provided the following information:

• Sergeant Cargile was northbound on 5th Street with lights and siren activated responding to a shots fired 
call with a confirmed victim.

• The Chevrolet was eastbound on Cheyenne approaching 5th Street.
• The Chevrolet had a green light.
• Sergeant Cargile stated the Chevrolet did not have lights on.
• Sergeant Cargile stopped at the intersection and slowly began to move into the intersection.
• There was a visual obstruction to eastbound traffic for Sergeant Cargile.
• Sergeant Cargile had to partially move into the intersection.
• Ms. Glover stated she saw Sergeant Carglie's lights but did not hear a siren.
• The Chevrolet left approximately 110 feet of 4-wheel skid marks.
• The Ford was approximately 6.5 feet north of the curb line.
• The Chevrolet's right front “A” pillar struck the front of the Ford.
• The Chevrolet traveled approximately 5.5 feet after the initial contact.
• Officer Byrne found Ms. Glover was at fault for this collision and violated Nevada law as described in 

his report.

Sam Terry:
Deposition summaries:
Mr. Terry offered a brief review of the deposition testimony which testimony speaks for itself. When considering
the sworn testimony or even the statement of a witness or party to an action such as this, I assume the individual 
is being honest, but not necessarily accurate. That is, testimony has to be considered if it is physically possible 
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and consistent with the other objective evidence. Even if a deponent in one part of the testimony is not accurate, 
if other parts are physically possible, those parts have to be considered. An accident reconstructionist is not in a 
position to determine the credibility or honesty of any witness or deponent. At most, the accident 
reconstructionist can demonstrate that testimony is correct or incorrect based on physical law or objective 
evidence.

Scene:
After his summary of the testimony, Mr. Terry described his site inspection. He found Cheyenne had a 3% down 
grade at this location. He described a daytime and nighttime inspection and other aspects of the scene.

Vehicles:
He next presented his interpretation of the evidence on the vehicles. He noted the damage to the right front 
fender, wheel, and passenger door of the Chevrolet. He noted there was no damage to the front bumper or the 
leading edge of the fender.

He noted contact damage to the front bumper, bumper cover, and grille of the Ford. He noted there was no 
damage to the left front fender. [Note the bumper cover on the Ford wraps around to the side of the Ford.]

Reconstruction:
Mr. Terry then presents his reconstruction. For my part I will quote and/or paraphrase the parts of Mr. Terry's 
analysis on which I want to comment and will then provide my commentary and opinions.

“Neither the physical damage evidence sustained to the subject vehicles nor the physical roadway 
evidence is consistent with Sergeant Cargile's testimony that he was stopped at the moment of contact.”

Mr. Terry explains that the damage to the vehicles “suggests” the impact first occurred at the right front wheel of 
the Chevrolet and can only occur if the Ford is moving into the Chevrolet. 

Mr. Terry assumed there was zero rotation of the Chevrolet and that the Ford was pointed exactly at right angles 
to the Chevrolet. It is very unlikely that a vehicle with four tires skidding2, down a slope, on a worn asphalt road,
will not rotate at least slightly as it descends. Mr. Terry did not consider the reality of how vehicles behave and 
and therefore did not recognize other as likely if not more likely explanations of the damage pattern.

Mr, Terry was critical of Officer Byrne when Officer Byrne noted he did not find an “offset mark” for the Ford. 
Mr. Terry defined this as a shift in a skid mark, and I agree with that definition as a general proposition. 
However,iIt can also mean a lateral mark observed when vehicle's direction is shifted when the tires are not 
locked and leaving a skid mark. For example, when a stopped vehicle is struck such that the tires are forced to 
slide sideways, a mark can be left on the road. It is not necessarily limited to the narrow definition Mr. Terry 
imposed on Officer Byrne.

Time/Distance:
Mr. Terry offered his opinion as to how the collision occurred. He assumed Sergeant Cargile accelerated from a 
stop and was therefore traveling 6 to 8 mph at the moment of the collision. This means that Sergeant Cargile 

2 Which means there is no longer any steering control of the vehicle.
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accelerated up to the moment of the collision. This then also means Sergeant Cargile was not braking at the 
moment of contact. Therefore, there would be a short, but finite time where Sergeant Cargile would still be 
pressing the accelerator pedal after contact. 

Using Mr. Terry's 6 mph speed at impact (0.18 Gs acceleration) it took Sergeant Cargile 1.5 seconds to arrive at 
the AIC. AT 8 mph (0.33 Gs), it took 1.1 seconds. Using Mr. Terry's 85th percentile 2.0 second PRT, Even if 
Sergeant Cargile started his perception and response to Ms. Glover as he started to enter the intersection, 
Sergeant Cargile was likely still pressing the accelerator3 post collision. 

Under Mr. Terry's scenario, Ms. Glover likely started her PRT when Sergeant Cargile started to enter the 
intersection. Therefore, Sergeant Cargile would have been accelerating for at least 1.5 to 2.0 seconds before his 
PRT started. The bottom line is the timing for Mr. Terry's scenario and his estimated speeds are not self 
consistent nor are they consistent with the other facts and evidence.

Under Mr. Terry's scenario, given a 1.5 to 2.0 second PRT for Ms. Glover and at least a 2.5 second skidding time
prior to the collision for Ms.  Glover (see below), Ms. Glover had to have started her PRT before Sergeant 
Cargile even started to move.

My analysis:
With the Ford stopped and the Chevrolet rotated CCW by approximately 10 degrees, a speed of 14 mph on the 
Chevrolet causes the known interaction, matches the contact locations, and the post collision travel distance 
measured by Officer Byrne. It also is consistent with the minimal penetration of the Ford into the Chevrolet.

I used PC-Crash to investigate Mr. Terry's and Sergeant Cargile's version of events. Using the more likely urgent 
acceleration of 0.33 Gs and the corresponding collision speed of 8 mph for the Ford and the 14 mph speed for 
the Chevrolet I calculated above, I determined the point of contact between the vehicles as described by Mr. 
Terry could be matched, but the post collision motion and interaction even with a short, 0.25 second, 
continuation of acceleration on the part of Sergeant Cargile produced a motion inconsistent with the physical 
evidence. I therefore conclude the most likely scenario is where the Chevrolet (with no ABS system) had rotated 
CCW with respect to its velocity vector and collided with the stationary Ford.

Mr. Terry concludes Ms. Glover's PRT was reasonable. He did not fully explain how he determined this. He 
assumed in his previous analysis, Sergeant Cargile had been stopped at the curb line, 6.5 feet of acceleration to 
the AIC. Because it will take several seconds, 2.5 seconds or more depending on the drag4 and starting/ending 
speeds, for Ms. Glover to skid and then adding on 1.5 to 2 seconds for PRT, Ms. Glover had to have seen 

3 Given the urgency of the situation and in Mr. Terry's hypothetical, it is unlikely Sergeant Cargile was using a “normal” 
acceleration rate.

4 Mr. Terry did not offer the drag factor he used, only that he thought the starting speed for Ms. Glover was 42 to 48 mph. 
Assuming a 0 mph collision speed will maximize the drag factor Mr. Terry used. With 110 feet of skidding, ending at 0 
mph, starting at an average 44 mph, the drag factor Mr. Terry used was -0.59 G. With a collision speed of 5 mph, -0.58 
G, collision speed of 10 mph, -0.56 G. Even with a grade of 3%, the reduction in drag would be approximately 0.03G. 
Asphalt typically has a coefficient of friction between 0.65 and 0.75 so that the effective drag with four locked wheels 
would be 0.62 to 0.72. Mr. Terry chose a low drag for reasons unexplained. At an average drag of 0.67 and a collision 
speed of 14 mph, Ms. Glover was traveling at 49 mph consistent with Mr. Terry's highest estimate and consistent with 
Officer Byrne's speed analysis.
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Sergeant Cargile while he was stopped at the curb line. 

Ms. Glover saw Sergeant Cargile's light bar. Sergeant Cargile testified he stopped and then slowly entered the 
intersection saw Ms. Glover after hearing her brakes and stopped. The PC-Crash simulations, expected behavior 
of a vehicle skidding with four locked tires descending a hill, the damage pattern and post collision motion and 
evidence and lack thereof are completely consistent with Sergeant Cargile's version of events. Mr. Terry's 
conclusions did not consider the full post collision motion of the vehicles nor did they consider that the 
assumption Sergeant Cargile was accelerating up to impact means there has to be some post contact continuation
of that acceleration and the effect that would have on the collision dynamics. 

Headlight status:
Mr. Terry was critical of Officer Byrne for not conducting an headlight analysis. Hot shock is a useful tool in 
helping to determine the direction of the impulse and/or whether or not a light was illuminated at the time of the 
collision. The Northwestern University Traffic Accident Investigation text has a length chapter on lamp analysis 
and investigation. It is sufficient to say that given the location, direction, and magnitude of the impulse in this 
collision, it is possible, even probable, the lights would not have shown evidence of illumination. While I agree 
Officer Byrne could have performed a check, the results would not have necessarily been useful and would not 
alter the result of his investigation. Ms. Glover was not cited for non-use of headlights. I also note that Ms. 
Glover's testimony was that her dash lights were on, therefore her headlights were on. She did not have an 
affirmative recollection of her headlights. It is possible for the marker lights and dash light to be illuminated but 
not the headlights.

Mr. Terry made a very curious statement at the end, “Sergeant Cargile's account of Ms. Glover's headlights 
cannot be taken as direct evidence since he is obviously incorrect about other facts of the subject incident.” Mr. 
Terry has chosen to ignore Sergeant Cargile not because his testimony is physically impossible or at odds with 
objective evidence, but because Mr. Terry doesn't believe certain other aspects of Sergeant Cargile's testimony. I 
already demonstrated that it is most likely Sergeant Cargile was stopped at the moment of contact. There is no 
reason to discount this testimony because it is physically possible and even Ms. Glover didn't offer specific 
affirmative testimony her headlights were, in fact, on. She was only able to say her dash lights were on.

Audible warning:
This section is not applicable because Ms. Glover responded to the flashing lights. 

Visibility analysis:
I have extensive experience and education in photography and videography. Nighttime video is extremely 
difficult to match with regard to contrast, illumination, and other factors. The detectors used in modern video 
cameras simply do not match the sensitivity and other characteristics of the eye and great care and effort must be
expended to adjust the exposure of any visual acquired at night [see the following for more information on 
nighttime video and photography: SAE 921575, 890730, 960895, 2012-01-0078, 2003-01-0294, Ayres, T.: 
“Psychophysical Validation of Photographic Representations,” Safety Engineering and Risk Analysis 1996, 
SERA-Vol. 6, ASME, Phillips, E, et al.: “Faithful presentation of luminance contrast: Evaluation of 
photographs and computational display methods,” SPIE 01 EI03-5007-44].

Mr. Terry did not have a full light bar which presented a very different visible cue due to the difference in colors 
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as well as the light's motion and simply more light being emitted. Taken in all, Mr. Terry's criticism's of the lack 
of visibility for Sergeant Cargile's flashing lights was based on an observation using a single amber flashing light
which is far different that the multiple lights in a police light bar. Mr. Terry constructed a straw man argument in 
an attempt to excuse Ms. Glover from seeing the conspicuous lights which she testified she in fact saw and 
responded to.

He concluded this section with an opinion Ms. Glover responded appropriately and “normally”. However, he 
does not address how long Sergeant Cargile was present at the intersection. He also doesn't address the fact that 
by his calculations, Sergeant Cargile had to have been stopped for several seconds. It took at least 1.1 seconds 
for him to arrive at the AIC. Ms. Glover was skidding for at least 2.5 seconds (47 to 14 mph, -0.67 Gs, 110 feet) 
and then add 1.5 to 2 seconds for PRT. Sergeant Cargile was stopped for at least 2.9 to 3.4 seconds. This means 
Ms. Glover started to skid with the accompanying sound of skidding tires, before Sergeant Cargile started to 
move.

Opticon device:
I have no comment here.

Conclusions:
• Speed of 42 to 48 mph. I think the speed was closer to 48 mph, but I don't think Ms. Glover was 

speeding.
• The Ford was traveling 6 to 8 mph. I disagree. The damage pattern is easily explained by a slight CCW 

rotation of the Chevrolet which would be expected on a vehicle, four tires locked descending a hill. The 
damage pattern would be different, post impact motion would be different, and physical evidence on the 
road would be different than what was recorded. The notion that one car hit another is not a principle of 
physics or engineering. Forces are by definition equal and opposite during a collision. The specific 
assignment of one vehicle hitting another “not vice versa” only confused the trier of fact by suggesting 
the vehicle which “hits” another is the vehicle at fault. Two colliding objects “hit” each other.

• It is not relevant whether or not Ms. Glover heard the siren.
• The evidence:

◦ Does indicate Ms. Glover attempted to slow. The charge of failure to decrease speed does not mean 
the driver did not apply their brakes, only that they failed to stop before the collision.

◦ Does not eliminate the clear possibility did not used due care by slowing as she approached 5 th Street
with Sergeant Cargile stopped with flashing lights.

◦ Mr. Terry does not define what every attempt means. We only know Ms. Glover applied her brakes 
too late to avoid the collision.

◦ Ms. Glover took the action which at the time seemed reasonable. 
• Mr. Terry's opinion that Sergeant Cargile had “the best ability to avoid this collision” is based on his 

analysis of Sergeant' Cargile's pre-collision actions and Mr. Terry had to essentially discard all of 
Sergeant Cargile's testimony and the investigation of Officer Byrne to arrive at this conclusion. I 
disagree with much of Mr. Terry's analysis for reasons described above. It is my opinion an equally 
reasonable solution is that:
◦ Ms. Glover's headlights were off.
◦ Ms. Glover did not slow as Sergeant Cargile was stopped at Cheyenne clearing traffic before 
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proceeding.
◦ Sergeant Cargile stopped and slowly entered the intersection not seeing Ms. Glover's approaching 

vehicle.
◦ Ms. Glover then perceived and responded to Sergeant Cargile's entrance and applied her brakes.
◦ Sergeant Cargile heard the brakes, stopped his vehicle and the collision occurred. 

• Mr. Terry implied that Sergeant Cargile should have taken a different route knowing there was a view 
obstruction at this intersection. This implication was done admitting he did not know the circumstances 
or reasons for Sergeant Cargile's choices. At best this comment is a red herring. 

Summary:
With due respect to Mr. Terry, I disagree with his conclusions in general and specifically as detailed above. Mr. 
Terry made assumptions that ignored real physical behavior, did not fully consider the implications of his 
opinion of collision speeds for the Ford, did not present other reasonable solutions, and constructed straw man 
arguments and offered red herrings which confuse and distract from the real issues. It is my opinion that the 
testimony of Sergeant Cargile is consistent with the evidence, physical law, and an analysis of the collision. 
Officer Byrne's investigation was not flawed and covered the aspects of the collision needed to form his 
opinions. That he didn't do something Mr. Terry wanted is not relevant. It is also my opinion Sergeant Cargile 
did not act inappropriately and the evidence and my analysis also supports his version of events. 

I reserve the right to amend and/or modify this report should further information, facts, or evidence be 
provided/discovered or additional analysis performed which warrants such action. 

Sincerely,

David M. Ingebretsen, M.S., M.E.
Mechanical-Biomechanical Engineer / Physicist
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Vehicle :  CHEVROLET-CAVALIER 4DR SEDAN BASE/LS FORD-EXPEDITION MAX 4WD 
SUV EDDIE BAUER/LIMI
Database:   DB_USDBASE   DB_USDBASE
RecordID:           30           15

START VALUES                         

Velocity magnitude (v) [mph] :  17.50 0.00
Heading angle [deg] :  8.53 90.00
Velocity direction (ß) [deg] :  0.00 90.00
Yaw velocity [Deg/s] :  0.00 0.00
Center of gravity x [ft] :  2.00 15.27
Center of gravity y [ft] :  -7.88 -18.49
Center of gravity z [ft] :  1.83 1.83
Velocity vertical [mph] :  0.00 0.00
Roll angle [deg] :  0.00 0.00
Pitch angle [deg] :  0.00 0.00
Roll velocity [Deg/s] :  0.00 0.00
Pitch velocity [Deg/s] :  0.00 0.00

END VALUES                           

Velocity magnitude (v) [mph] :  0.38 0.04
Heading angle [deg] :  4.47 89.87
Velocity direction (ß) [deg] :  6.04 -13.25
Yaw velocity [Deg/s] :  0.43 0.02
Center of gravity x [ft] :  15.28 15.29
Center of gravity y [ft] :  -7.02 -18.50
Center of gravity z [ft] :  1.83 1.83
Velocity vertical [mph] :  -0.00 0.00
Roll angle [deg] :  -0.60 0.29
Pitch angle [deg] :  2.38 -0.11
Roll velocity [Deg/s] :  1.07 1.61
Pitch velocity [Deg/s] :  0.31 -0.22

1.COLLISION                            

Vehicle :  1  CHEVROLET 1  CHEVROLET
Driver :   

t [s]: 0.00 0.00
Pre  Impact vel. [mph]: 17.50 17.50
Post Impact vel. [mph]: 17.50 17.50
Velocity change (dV) [mph] :  0.00 0.00

EES [mph] :  0.00 0.00
Def. Energy [kJ]: 0.00 0.00
Stiffness [lb/in]: 0.0 0.0
Coefficient of restitution (e) :  0.10
Separation speed [mph]: 0.0
Friction coefficient (mu) :  0.60
Point of Impact x [ft] :  14.40
Point of Impact y [ft] :  -9.87
Point of Impact z [ft] :  1.48
Angle of contact plane (phi) [deg] :  5.83
Angle of contact plane (psi) [deg] :  0.00
Total Deformation Energy [ft-lb] :  0.00
Moment arm about C.G. [ft] :  0.00 0.00
PDOF (SAE) [deg] :  -90.00 90.00

VALUES BEFORE COLLISION              
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Velocity magnitude (v) [mph] :  17.50 17.50
Heading angle [deg] :  8.53 8.53
Velocity direction (ß) [deg] :  0.00 0.00
Yaw velocity [Deg/s] :  0.00 0.00
Center of gravity x [ft] :  2.00 2.00
Center of gravity y [ft] :  -7.88 -7.88
Center of gravity z [ft] :  1.83 1.83
Velocity vertical [mph] :  0.00 0.00
Roll angle [deg] :  0.00 0.00
Pitch angle [deg] :  0.00 0.00
Roll velocity [Deg/s] :  0.00 0.00
Pitch velocity [Deg/s] :  0.00 0.00

VALUES AFTER COLLISION               

Velocity magnitude (v) [mph] :  17.50 17.50
Heading angle [deg] :  8.53 8.53
Velocity direction (ß) [deg] :  0.00 0.00
Yaw velocity [Deg/s] :  0.00 0.00
Center of gravity x [ft] :  2.00 2.00
Center of gravity y [ft] :  -7.88 -7.88
Center of gravity z [ft] :  1.83 1.83
Velocity vertical [mph] :  0.00 0.00
Roll angle [deg] :  0.00 0.00
Pitch angle [deg] :  0.00 0.00
Roll velocity [Deg/s] :  0.00 0.00
Pitch velocity [Deg/s] :  0.00 0.00

2.COLLISION                            

Vehicle :  1  CHEVROLET 2  FORD-EXPE
Driver :   

t [s]: 0.36 0.36
Pre  Impact vel. [mph]: 11.87 0.00
Post Impact vel. [mph]: 11.19 0.52
Velocity change (dV) [mph] :  1.19 0.52

Deformation depth [ft] :  0.06 0.08
EES [mph] :  2.50 1.94
Def. Energy [kJ]: 0.57 0.80
Stiffness [lb/in]: 26104.9 18805.2
Coefficient of restitution (e) :  0.10
Separation speed [mph]: 10.1
Friction coefficient (mu) :  0.60
Point of Impact x [ft] :  14.16
Point of Impact y [ft] :  -9.88
Point of Impact z [ft] :  1.48
Angle of contact plane (phi) [deg] :  8.42
Angle of contact plane (psi) [deg] :  0.00
Total Deformation Energy [ft-lb] :  1368.66
Impulse [lb-s] :  148.99
Direction of impulse [deg] :  129.38
Vertical direction of impulse [deg] :  0.30
Moment arm about C.G. [ft] :  1.99 4.60
PDOF (SAE) [deg] :  55.70 -39.38
dV/EES :  0.37 0.37

VALUES BEFORE COLLISION              

Velocity magnitude (v) [mph] :  11.87 0.00
Heading angle [deg] :  5.08 90.00
Velocity direction (ß) [deg] :  2.00 -90.00
Yaw velocity [Deg/s] :  -11.98 0.00
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Center of gravity x [ft] :  9.78 15.27
Center of gravity y [ft] :  -7.68 -18.49
Center of gravity z [ft] :  1.83 1.83
Velocity vertical [mph] :  -0.01 0.00
Roll angle [deg] :  1.54 0.00
Pitch angle [deg] :  2.70 0.00
Roll velocity [Deg/s] :  -2.82 0.00
Pitch velocity [Deg/s] :  3.94 -0.00

VALUES AFTER COLLISION               

Velocity magnitude (v) [mph] :  11.19 0.52
Heading angle [deg] :  5.08 90.00
Velocity direction (ß) [deg] :  6.85 -50.62
Yaw velocity [Deg/s] :  -0.01 -7.82
Center of gravity x [ft] :  9.78 15.27
Center of gravity y [ft] :  -7.68 -18.49
Center of gravity z [ft] :  1.83 1.83
Velocity vertical [mph] :  -0.00 -0.00
Roll angle [deg] :  1.54 0.00
Pitch angle [deg] :  2.70 0.00
Roll velocity [Deg/s] :  4.66 -1.30
Pitch velocity [Deg/s] :  5.32 0.54

3.COLLISION                            

Vehicle :  1  CHEVROLET 2  FORD-EXPE
Driver :   

t [s]: 0.45 0.45
Pre  Impact vel. [mph]: 9.71 0.06
Post Impact vel. [mph]: 9.71 0.06
Velocity change (dV) [mph] :  0.01 0.01

Deformation depth [ft] :  0.06 0.08
EES [mph] :  0.23 0.17
Def. Energy [kJ]: 0.00 0.01
Stiffness [lb/in]: 219.7 174.5
Coefficient of restitution (e) :  0.10
Separation speed [mph]: 9.6
Friction coefficient (mu) :  0.60
Point of Impact x [ft] :  14.32
Point of Impact y [ft] :  -9.87
Point of Impact z [ft] :  1.48
Angle of contact plane (phi) [deg] :  6.29
Angle of contact plane (psi) [deg] :  0.00
Total Deformation Energy [ft-lb] :  11.22
Impulse [lb-s] :  1.55
Direction of impulse [deg] :  -114.67
Vertical direction of impulse [deg] :  0.06
Moment arm about C.G. [ft] :  3.87 4.48
PDOF (SAE) [deg] :  -60.35 -155.46
dV/EES :  0.04 0.04

VALUES BEFORE COLLISION              

Velocity magnitude (v) [mph] :  9.71 0.06
Heading angle [deg] :  4.97 89.87
Velocity direction (ß) [deg] :  6.87 -19.38
Yaw velocity [Deg/s] :  -2.15 -0.00
Center of gravity x [ft] :  11.15 15.29
Center of gravity y [ft] :  -7.52 -18.50
Center of gravity z [ft] :  1.83 1.83
Velocity vertical [mph] :  -0.00 -0.00
Roll angle [deg] :  1.47 0.19
Pitch angle [deg] :  2.97 -0.09
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Roll velocity [Deg/s] :  -4.39 2.50
Pitch velocity [Deg/s] :  1.12 -0.84

VALUES AFTER COLLISION               

Velocity magnitude (v) [mph] :  9.71 0.06
Heading angle [deg] :  4.97 89.87
Velocity direction (ß) [deg] :  6.81 -14.43
Yaw velocity [Deg/s] :  -2.39 -0.08
Center of gravity x [ft] :  11.15 15.29
Center of gravity y [ft] :  -7.52 -18.50
Center of gravity z [ft] :  1.83 1.83
Velocity vertical [mph] :  -0.00 -0.00
Roll angle [deg] :  1.47 0.19
Pitch angle [deg] :  2.97 -0.09
Roll velocity [Deg/s] :  -4.50 2.49
Pitch velocity [Deg/s] :  1.13 -0.85

4.COLLISION                            

Vehicle :  1  CHEVROLET 2  FORD-EXPE
Driver :   

t [s]: 0.50 0.50
Pre  Impact vel. [mph]: 8.96 0.04
Post Impact vel. [mph]: 8.94 0.05
Velocity change (dV) [mph] :  0.04 0.02

Deformation depth [ft] :  0.06 0.08
EES [mph] :  0.40 0.30
Def. Energy [kJ]: 0.01 0.02
Stiffness [lb/in]: 724.7 544.1
Coefficient of restitution (e) :  0.10
Separation speed [mph]: 8.8
Friction coefficient (mu) :  0.60
Point of Impact x [ft] :  14.39
Point of Impact y [ft] :  -9.87
Point of Impact z [ft] :  1.48
Angle of contact plane (phi) [deg] :  5.82
Angle of contact plane (psi) [deg] :  0.00
Total Deformation Energy [ft-lb] :  34.01
Impulse [lb-s] :  5.10
Direction of impulse [deg] :  -115.14
Vertical direction of impulse [deg] :  -0.54
Moment arm about C.G. [ft] :  3.42 4.48
PDOF (SAE) [deg] :  -60.00 -154.99
dV/EES :  0.08 0.08

VALUES BEFORE COLLISION              

Velocity magnitude (v) [mph] :  8.96 0.04
Heading angle [deg] :  4.86 89.87
Velocity direction (ß) [deg] :  6.89 -13.39
Yaw velocity [Deg/s] :  -2.75 -0.00
Center of gravity x [ft] :  11.75 15.29
Center of gravity y [ft] :  -7.45 -18.50
Center of gravity z [ft] :  1.83 1.83
Velocity vertical [mph] :  -0.00 -0.00
Roll angle [deg] :  1.21 0.28
Pitch angle [deg] :  2.98 -0.11
Roll velocity [Deg/s] :  -6.45 1.62
Pitch velocity [Deg/s] :  -0.38 -0.34

VALUES AFTER COLLISION               
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Velocity magnitude (v) [mph] :  8.94 0.05
Heading angle [deg] :  4.86 89.87
Velocity direction (ß) [deg] :  6.67 8.42
Yaw velocity [Deg/s] :  -3.45 -0.26
Center of gravity x [ft] :  11.75 15.29
Center of gravity y [ft] :  -7.45 -18.50
Center of gravity z [ft] :  1.83 1.83
Velocity vertical [mph] :  -0.00 0.00
Roll angle [deg] :  1.21 0.28
Pitch angle [deg] :  2.98 -0.11
Roll velocity [Deg/s] :  -6.77 1.59
Pitch velocity [Deg/s] :  -0.35 -0.37

SEQUENCES
 
 
1  CHEVROLET : 

REACTION
Reaction time [sec] : 1.00

BRAKE LAG
Threshold time [sec] : 0.20

BRAKE
maximum stopping distance [ft] : 32.81
Brake force [%] 
  Axle 1, left : 0.00
  Axle 1, right : 0.00
  Axle 2, left : 0.00
  Axle 2, right : 0.00
mean brake acceleration [g] : 0.00

START VALUES                         
Velocity [mph] : 17.50
Friction coefficient : 0.75

BRAKE
maximum stopping distance [ft] : 300.00
Brake force [%] 
  Axle 1, left : 215.77
  Axle 1, right : 215.77
  Axle 2, left : 40.90
  Axle 2, right : 40.90
mean brake acceleration [g] : -0.75

 
 
2  FORD-EXPE : 

REACTION
Reaction time [sec] : 1.00

BRAKE LAG
Threshold time [sec] : 0.20

BRAKE
maximum stopping distance [ft] : 32.81
Brake force [%] 
  Axle 1, left : 0.00
  Axle 1, right : 0.00
  Axle 2, left : 0.00
  Axle 2, right : 0.00
mean brake acceleration [g] : 0.00

START VALUES                         
Velocity [mph] : 0.00
Friction coefficient : 0.75

BRAKE
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maximum stopping distance [ft] : 300.00
Brake force [%] 
  Axle 1, left : 222.73
  Axle 1, right : 222.73
  Axle 2, left : 81.92
  Axle 2, right : 81.92
mean brake acceleration [g] : -0.75

INPUT VALUES                         

Vehicle :  CHEVROLET-CAVALIER 4DR SEDAN BASE/LS FORD-EXPEDITION MAX 4WD 
SUV EDDIE BAUER/LIMI
Database:   DB_USDBASE   DB_USDBASE
RecordID:           30           15
Length [in] :  180.31 221.26
Width [in] :  67.32 78.74
Height [in] :  54.72 77.56
Number of axles :  2 2
Wheelbase [in] :  103.94 131.10
Front overhang [in] :  38.98 39.37
Front track width [in] :  57.48 66.93
Rear track width [in] :  57.09 67.32
Mass (empty) [lb] :  2601.47 6155.34

(2746.47) (6330.34)
Mass of front occupants [lb] :  145.00 175.00
Mass of rear occupants [lb] :  0.00 0.00
Mass of cargo in trunk [lb] :  0.00 0.00
Mass of roof cargo [lb] :  0.00 0.00
Distance C.G. - front axle [in] :  37.42 65.55

(37.36) (65.01)
C.G. height above ground [in] :  22.00 22.00

(22.00) (22.00)
Roll moment of inertia [lbfts^2] :  400.48 1466.66

(421.63) (1507.20)
Pitch moment of inertia [lbfts^2] :  1334.94 4888.86

(1405.42) (5024.01)
Yaw moment of inertia [lbfts^2] :  1334.94 4888.86

(1405.42) (5024.01)
Stiffness, axle 1, left [lb/in] :  141.01 260.66
Stiffness, axle 1, right [lb/in] :  141.01 260.66
Stiffness, axle 2, left [lb/in] :  79.32 260.66
Stiffness, axle 2, right [lb/in] :  79.32 260.66
Damping, axle 1, left [lb-s/ft] :  190.37 351.90
Damping, axle 1, right [lb-s/ft] :  190.37 351.90
Damping, axle 2, left [lb-s/ft] :  107.08 351.90
Damping, axle 2, right [lb-s/ft] :  107.08 351.90
Max. slip angle,axle 1, left [deg]:  10.00 10.00
Max. slip angle,axle 1, right [deg]:  10.00 10.00
Max. slip angle,axle 2, left [deg]:  10.00 10.00
Max. slip angle,axle 2, right [deg]:  10.00 10.00
ABS :  No No

Characters: 11620
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Vehicle :  CHEVROLET-CAVALIER 4DR SEDAN BASE/LS FORD-EXPEDITION MAX 4WD 
SUV EDDIE BAUER/LIMI
Database:   DB_USDBASE   DB_USDBASE
RecordID:           30           15

START VALUES                         

Velocity magnitude (v) [mph] :  14.00 8.00
Heading angle [deg] :  0.00 90.00
Velocity direction (ß) [deg] :  0.00 90.00
Yaw velocity [Deg/s] :  0.00 0.00
Center of gravity x [ft] :  8.64 15.27
Center of gravity y [ft] :  -6.90 -18.49
Center of gravity z [ft] :  1.83 1.83
Velocity vertical [mph] :  -0.00 0.00
Roll angle [deg] :  0.00 0.00
Pitch angle [deg] :  0.00 0.00
Roll velocity [Deg/s] :  0.00 0.00
Pitch velocity [Deg/s] :  0.00 0.00

END VALUES                           

Velocity magnitude (v) [mph] :  0.14 0.33
Heading angle [deg] :  10.34 86.91
Velocity direction (ß) [deg] :  114.44 93.56
Yaw velocity [Deg/s] :  -3.54 1.13
Center of gravity x [ft] :  15.47 16.20
Center of gravity y [ft] :  3.52 -5.23
Center of gravity z [ft] :  1.82 1.83
Velocity vertical [mph] :  0.01 -0.00
Roll angle [deg] :  -7.99 -0.37
Pitch angle [deg] :  0.52 1.57
Roll velocity [Deg/s] :  2.23 -0.54
Pitch velocity [Deg/s] :  -0.04 0.36

1.COLLISION                            

Vehicle :  1  CHEVROLET 2  FORD-EXPE
Driver :   

t [s]: 0.06 0.06
Pre  Impact vel. [mph]: 13.15 8.42
Post Impact vel. [mph]: 13.12 6.54
Velocity change (dV) [mph] :  4.42 1.92

Deformation depth [ft] :  0.27 0.30
EES [mph] :  4.72 3.26
Def. Energy [kJ]: 2.05 2.25
Stiffness [lb/in]: 4721.2 4303.4
Coefficient of restitution (e) :  0.00
Separation speed [mph]: 14.5
Friction coefficient (mu) :  0.00
Point of Impact x [ft] :  14.33
Point of Impact y [ft] :  -9.30
Point of Impact z [ft] :  1.48
Angle of contact plane (phi) [deg] :  -169.93
Angle of contact plane (psi) [deg] :  0.00
Total Deformation Energy [ft-lb] :  4296.55
Impulse [lb-s] :  553.10
Direction of impulse [deg] :  100.07
Vertical direction of impulse [deg] :  0.00
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Moment arm about C.G. [ft] :  3.91 0.55
PDOF (SAE) [deg] :  79.93 -10.07
dV/EES :  0.77 0.77

VALUES BEFORE COLLISION              

Velocity magnitude (v) [mph] :  13.15 8.42
Heading angle [deg] :  0.00 90.00
Velocity direction (ß) [deg] :  0.00 90.00
Yaw velocity [Deg/s] :  0.00 0.00
Center of gravity x [ft] :  9.93 15.27
Center of gravity y [ft] :  -6.90 -17.71
Center of gravity z [ft] :  1.83 1.83
Velocity vertical [mph] :  -0.00 0.00
Roll angle [deg] :  0.00 0.00
Pitch angle [deg] :  0.22 -0.07
Roll velocity [Deg/s] :  0.00 0.00
Pitch velocity [Deg/s] :  6.30 -1.96

VALUES AFTER COLLISION               

Velocity magnitude (v) [mph] :  13.12 6.54
Heading angle [deg] :  0.00 90.00
Velocity direction (ß) [deg] :  19.36 87.06
Yaw velocity [Deg/s] :  88.19 -3.45
Center of gravity x [ft] :  9.93 15.27
Center of gravity y [ft] :  -6.90 -17.71
Center of gravity z [ft] :  1.83 1.83
Velocity vertical [mph] :  -0.00 0.00
Roll angle [deg] :  0.00 0.00
Pitch angle [deg] :  0.22 -0.07
Roll velocity [Deg/s] :  27.26 -1.29
Pitch velocity [Deg/s] :  7.69 0.24

2.COLLISION                            

Vehicle :  1  CHEVROLET 2  FORD-EXPE
Driver :   

t [s]: 0.13 0.13
Pre  Impact vel. [mph]: 12.21 7.01
Post Impact vel. [mph]: 12.41 6.65
Velocity change (dV) [mph] :  0.84 0.36

Deformation depth [ft] :  0.22 0.29
EES [mph] :  0.79 0.59
Def. Energy [kJ]: 0.06 0.07
Stiffness [lb/in]: 188.3 144.0
Coefficient of restitution (e) :  0.00
Separation speed [mph]: 13.5
Friction coefficient (mu) :  0.00
Point of Impact x [ft] :  14.49
Point of Impact y [ft] :  -8.64
Point of Impact z [ft] :  1.48
Angle of contact plane (phi) [deg] :  8.13
Angle of contact plane (psi) [deg] :  0.00
Total Deformation Energy [ft-lb] :  130.78
Impulse [lb-s] :  104.51
Direction of impulse [deg] :  98.13
Vertical direction of impulse [deg] :  0.00
Moment arm about C.G. [ft] :  3.08 0.40
PDOF (SAE) [deg] :  87.18 -8.24
dV/EES :  0.84 0.84

VALUES BEFORE COLLISION              
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Velocity magnitude (v) [mph] :  12.21 7.01
Heading angle [deg] :  5.31 89.89
Velocity direction (ß) [deg] :  19.42 88.91
Yaw velocity [Deg/s] :  75.88 -0.70
Center of gravity x [ft] :  11.07 15.29
Center of gravity y [ft] :  -6.50 -17.06
Center of gravity z [ft] :  1.83 1.83
Velocity vertical [mph] :  -0.00 0.00
Roll angle [deg] :  1.14 0.09
Pitch angle [deg] :  0.75 -0.13
Roll velocity [Deg/s] :  8.46 2.15
Pitch velocity [Deg/s] :  10.04 -1.74

VALUES AFTER COLLISION               

Velocity magnitude (v) [mph] :  12.41 6.65
Heading angle [deg] :  5.31 89.89
Velocity direction (ß) [deg] :  23.20 88.41
Yaw velocity [Deg/s] :  88.97 -1.17
Center of gravity x [ft] :  11.07 15.29
Center of gravity y [ft] :  -6.50 -17.06
Center of gravity z [ft] :  1.83 1.83
Velocity vertical [mph] :  -0.00 0.00
Roll angle [deg] :  1.14 0.09
Pitch angle [deg] :  0.75 -0.13
Roll velocity [Deg/s] :  14.05 1.95
Pitch velocity [Deg/s] :  10.37 -1.32

3.COLLISION                            

Vehicle :  1  CHEVROLET 2  FORD-EXPE
Driver :   

t [s]: 0.18 0.18
Pre  Impact vel. [mph]: 11.76 6.98
Post Impact vel. [mph]: 12.12 6.42
Velocity change (dV) [mph] :  1.30 0.56

Deformation depth [ft] :  0.24 0.34
EES [mph] :  1.09 0.86
Def. Energy [kJ]: 0.11 0.16
Stiffness [lb/in]: 317.0 221.4
Coefficient of restitution (e) :  0.00
Separation speed [mph]: 12.7
Friction coefficient (mu) :  0.00
Point of Impact x [ft] :  14.26
Point of Impact y [ft] :  -8.26
Point of Impact z [ft] :  1.48
Angle of contact plane (phi) [deg] :  10.16
Angle of contact plane (psi) [deg] :  0.00
Total Deformation Energy [ft-lb] :  266.55
Impulse [lb-s] :  162.43
Direction of impulse [deg] :  100.16
Vertical direction of impulse [deg] :  0.00
Moment arm about C.G. [ft] :  2.05 0.45
PDOF (SAE) [deg] :  88.94 -10.30
dV/EES :  0.91 0.91

VALUES BEFORE COLLISION              

Velocity magnitude (v) [mph] :  11.76 6.98
Heading angle [deg] :  9.10 89.86
Velocity direction (ß) [deg] :  23.16 88.97
Yaw velocity [Deg/s] :  80.33 -0.37
Center of gravity x [ft] :  11.80 15.30
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Center of gravity y [ft] :  -6.18 -16.61
Center of gravity z [ft] :  1.83 1.83
Velocity vertical [mph] :  -0.01 0.00
Roll angle [deg] :  1.52 0.18
Pitch angle [deg] :  1.14 -0.21
Roll velocity [Deg/s] :  1.73 2.12
Pitch velocity [Deg/s] :  10.57 -2.12

VALUES AFTER COLLISION               

Velocity magnitude (v) [mph] :  12.12 6.42
Heading angle [deg] :  9.10 89.86
Velocity direction (ß) [deg] :  29.15 88.00
Yaw velocity [Deg/s] :  93.85 -1.20
Center of gravity x [ft] :  11.80 15.30
Center of gravity y [ft] :  -6.18 -16.61
Center of gravity z [ft] :  1.83 1.83
Velocity vertical [mph] :  -0.01 0.00
Roll angle [deg] :  1.52 0.18
Pitch angle [deg] :  1.14 -0.21
Roll velocity [Deg/s] :  10.42 1.74
Pitch velocity [Deg/s] :  10.97 -1.48

4.COLLISION                            

Vehicle :  1  CHEVROLET 2  FORD-EXPE
Driver :   

t [s]: 0.22 0.22
Pre  Impact vel. [mph]: 11.46 6.75
Post Impact vel. [mph]: 12.00 6.06
Velocity change (dV) [mph] :  1.65 0.72

Deformation depth [ft] :  0.28 0.40
EES [mph] :  1.31 1.03
Def. Energy [kJ]: 0.16 0.23
Stiffness [lb/in]: 334.5 231.1
Coefficient of restitution (e) :  0.00
Separation speed [mph]: 11.8
Friction coefficient (mu) :  0.00
Point of Impact x [ft] :  14.03
Point of Impact y [ft] :  -7.91
Point of Impact z [ft] :  1.48
Angle of contact plane (phi) [deg] :  -166.14
Angle of contact plane (psi) [deg] :  0.00
Total Deformation Energy [ft-lb] :  382.87
Impulse [lb-s] :  206.36
Direction of impulse [deg] :  103.86
Vertical direction of impulse [deg] :  0.00
Moment arm about C.G. [ft] :  1.00 0.74
PDOF (SAE) [deg] :  89.25 -14.03
dV/EES :  0.97 0.97

VALUES BEFORE COLLISION              

Velocity magnitude (v) [mph] :  11.46 6.75
Heading angle [deg] :  13.11 89.83
Velocity direction (ß) [deg] :  29.02 88.80
Yaw velocity [Deg/s] :  85.03 -0.37
Center of gravity x [ft] :  12.48 15.31
Center of gravity y [ft] :  -5.81 -16.17
Center of gravity z [ft] :  1.83 1.83
Velocity vertical [mph] :  -0.01 0.00
Roll angle [deg] :  1.75 0.28
Pitch angle [deg] :  1.50 -0.29
Roll velocity [Deg/s] :  -2.54 2.15
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Pitch velocity [Deg/s] :  10.17 -2.00

VALUES AFTER COLLISION               

Velocity magnitude (v) [mph] :  12.00 6.06
Heading angle [deg] :  13.11 89.83
Velocity direction (ß) [deg] :  36.64 87.05
Yaw velocity [Deg/s] :  93.39 -2.11
Center of gravity x [ft] :  12.48 15.31
Center of gravity y [ft] :  -5.81 -16.17
Center of gravity z [ft] :  1.83 1.83
Velocity vertical [mph] :  -0.01 0.00
Roll angle [deg] :  1.75 0.28
Pitch angle [deg] :  1.50 -0.29
Roll velocity [Deg/s] :  8.08 1.51
Pitch velocity [Deg/s] :  10.46 -1.20

5.COLLISION                            

Vehicle :  1  CHEVROLET 2  FORD-EXPE
Driver :   

t [s]: 0.27 0.27
Pre  Impact vel. [mph]: 11.34 6.39
Post Impact vel. [mph]: 11.95 5.74
Velocity change (dV) [mph] :  1.59 0.69

Deformation depth [ft] :  0.32 0.47
EES [mph] :  1.24 0.98
Def. Energy [kJ]: 0.14 0.20
Stiffness [lb/in]: 223.4 155.9
Coefficient of restitution (e) :  0.00
Separation speed [mph]: 10.7
Friction coefficient (mu) :  0.00
Point of Impact x [ft] :  13.86
Point of Impact y [ft] :  -7.58
Point of Impact z [ft] :  1.48
Angle of contact plane (phi) [deg] :  17.66
Angle of contact plane (psi) [deg] :  0.00
Total Deformation Energy [ft-lb] :  343.27
Impulse [lb-s] :  198.85
Direction of impulse [deg] :  107.66
Vertical direction of impulse [deg] :  0.00
Moment arm about C.G. [ft] :  0.05 1.08
PDOF (SAE) [deg] :  89.44 -17.88
dV/EES :  0.98 0.98

VALUES BEFORE COLLISION              

Velocity magnitude (v) [mph] :  11.34 6.39
Heading angle [deg] :  17.10 89.78
Velocity direction (ß) [deg] :  36.48 88.40
Yaw velocity [Deg/s] :  84.44 -0.71
Center of gravity x [ft] :  13.10 15.32
Center of gravity y [ft] :  -5.35 -15.76
Center of gravity z [ft] :  1.83 1.83
Velocity vertical [mph] :  -0.01 0.00
Roll angle [deg] :  1.87 0.39
Pitch angle [deg] :  1.80 -0.35
Roll velocity [Deg/s] :  -5.65 2.61
Pitch velocity [Deg/s] :  8.96 -1.60

VALUES AFTER COLLISION               
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Velocity magnitude (v) [mph] :  11.95 5.74
Heading angle [deg] :  17.10 89.78
Velocity direction (ß) [deg] :  43.71 86.13
Yaw velocity [Deg/s] :  84.74 -3.16
Center of gravity x [ft] :  13.10 15.32
Center of gravity y [ft] :  -5.35 -15.76
Center of gravity z [ft] :  1.83 1.83
Velocity vertical [mph] :  -0.01 0.00
Roll angle [deg] :  1.87 0.39
Pitch angle [deg] :  1.80 -0.35
Roll velocity [Deg/s] :  3.90 1.84
Pitch velocity [Deg/s] :  9.00 -0.85

6.COLLISION                            

Vehicle :  1  CHEVROLET 2  FORD-EXPE
Driver :   

t [s]: 0.31 0.31
Pre  Impact vel. [mph]: 11.27 6.06
Post Impact vel. [mph]: 11.85 5.52
Velocity change (dV) [mph] :  1.36 0.59

Deformation depth [ft] :  0.37 0.52
EES [mph] :  1.08 0.85
Def. Energy [kJ]: 0.11 0.15
Stiffness [lb/in]: 132.3 93.8
Coefficient of restitution (e) :  0.00
Separation speed [mph]: 9.6
Friction coefficient (mu) :  0.00
Point of Impact x [ft] :  13.74
Point of Impact y [ft] :  -7.28
Point of Impact z [ft] :  1.48
Angle of contact plane (phi) [deg] :  21.29
Angle of contact plane (psi) [deg] :  0.00
Total Deformation Energy [ft-lb] :  259.88
Impulse [lb-s] :  170.08
Direction of impulse [deg] :  111.29
Vertical direction of impulse [deg] :  0.00
Moment arm about C.G. [ft] :  0.80 1.45
PDOF (SAE) [deg] :  89.44 -21.59
dV/EES :  0.97 0.97

VALUES BEFORE COLLISION              

Velocity magnitude (v) [mph] :  11.27 6.06
Heading angle [deg] :  20.73 89.70
Velocity direction (ß) [deg] :  43.48 87.95
Yaw velocity [Deg/s] :  76.95 -1.01
Center of gravity x [ft] :  13.65 15.34
Center of gravity y [ft] :  -4.82 -15.37
Center of gravity z [ft] :  1.83 1.83
Velocity vertical [mph] :  -0.01 0.00
Roll angle [deg] :  1.79 0.53
Pitch angle [deg] :  2.04 -0.40
Roll velocity [Deg/s] :  -10.17 3.22
Pitch velocity [Deg/s] :  7.23 -1.20

VALUES AFTER COLLISION               

Velocity magnitude (v) [mph] :  11.85 5.52
Heading angle [deg] :  20.73 89.70
Velocity direction (ß) [deg] :  49.57 85.53
Yaw velocity [Deg/s] :  71.32 -3.83
Center of gravity x [ft] :  13.65 15.34
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Center of gravity y [ft] :  -4.82 -15.37
Center of gravity z [ft] :  1.83 1.83
Velocity vertical [mph] :  -0.01 0.00
Roll angle [deg] :  1.79 0.53
Pitch angle [deg] :  2.04 -0.40
Roll velocity [Deg/s] :  -2.71 2.45
Pitch velocity [Deg/s] :  7.07 -0.59

7.COLLISION                            

Vehicle :  1  CHEVROLET 2  FORD-EXPE
Driver :   

t [s]: 0.36 0.36
Pre  Impact vel. [mph]: 11.13 5.84
Post Impact vel. [mph]: 11.62 5.42
Velocity change (dV) [mph] :  1.08 0.47

Deformation depth [ft] :  0.41 0.56
EES [mph] :  0.90 0.70
Def. Energy [kJ]: 0.07 0.10
Stiffness [lb/in]: 74.1 54.0
Coefficient of restitution (e) :  0.00
Separation speed [mph]: 8.7
Friction coefficient (mu) :  0.00
Point of Impact x [ft] :  13.68
Point of Impact y [ft] :  -6.97
Point of Impact z [ft] :  1.48
Angle of contact plane (phi) [deg] :  24.36
Angle of contact plane (psi) [deg] :  0.00
Total Deformation Energy [ft-lb] :  177.53
Impulse [lb-s] :  135.38
Direction of impulse [deg] :  114.36
Vertical direction of impulse [deg] :  0.00
Moment arm about C.G. [ft] :  1.54 1.78
PDOF (SAE) [deg] :  89.45 -24.76
dV/EES :  0.93 0.93

VALUES BEFORE COLLISION              

Velocity magnitude (v) [mph] :  11.13 5.84
Heading angle [deg] :  23.81 89.60
Velocity direction (ß) [deg] :  49.23 87.62
Yaw velocity [Deg/s] :  65.58 -1.17
Center of gravity x [ft] :  14.14 15.36
Center of gravity y [ft] :  -4.25 -14.99
Center of gravity z [ft] :  1.83 1.83
Velocity vertical [mph] :  -0.01 0.00
Roll angle [deg] :  1.42 0.69
Pitch angle [deg] :  2.23 -0.43
Roll velocity [Deg/s] :  -16.05 3.63
Pitch velocity [Deg/s] :  5.33 -0.91

VALUES AFTER COLLISION               

Velocity magnitude (v) [mph] :  11.62 5.42
Heading angle [deg] :  23.81 89.60
Velocity direction (ß) [deg] :  54.07 85.39
Yaw velocity [Deg/s] :  57.03 -3.92
Center of gravity x [ft] :  14.14 15.36
Center of gravity y [ft] :  -4.25 -14.99
Center of gravity z [ft] :  1.83 1.83
Velocity vertical [mph] :  -0.01 0.00
Roll angle [deg] :  1.42 0.69
Pitch angle [deg] :  2.23 -0.43
Roll velocity [Deg/s] :  -10.70 2.94
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Pitch velocity [Deg/s] :  5.13 -0.45

8.COLLISION                            

Vehicle :  1  CHEVROLET 2  FORD-EXPE
Driver :   

t [s]: 0.40 0.40
Pre  Impact vel. [mph]: 10.89 5.74
Post Impact vel. [mph]: 9.62 5.89
Velocity change (dV) [mph] :  2.58 1.12

Deformation depth [ft] :  0.98 1.31
EES [mph] :  2.95 2.25
Def. Energy [kJ]: 0.80 1.07
Stiffness [lb/in]: 139.8 103.8
Coefficient of restitution (e) :  0.00
Separation speed [mph]: 2.3
Friction coefficient (mu) :  0.00
Point of Impact x [ft] :  13.66
Point of Impact y [ft] :  -6.66
Point of Impact z [ft] :  1.48
Angle of contact plane (phi) [deg] :  -90.50
Angle of contact plane (psi) [deg] :  0.00
Total Deformation Energy [ft-lb] :  1872.78
Impulse [lb-s] :  322.79
Direction of impulse [deg] :  179.50
Vertical direction of impulse [deg] :  0.00
Moment arm about C.G. [ft] :  3.02 7.95
PDOF (SAE) [deg] :  26.75 -90.00
dV/EES :  0.68 0.68

VALUES BEFORE COLLISION              

Velocity magnitude (v) [mph] :  10.89 5.74
Heading angle [deg] :  26.25 89.50
Velocity direction (ß) [deg] :  53.86 87.49
Yaw velocity [Deg/s] :  52.04 -1.17
Center of gravity x [ft] :  14.58 15.38
Center of gravity y [ft] :  -3.65 -14.63
Center of gravity z [ft] :  1.83 1.83
Velocity vertical [mph] :  -0.00 -0.00
Roll angle [deg] :  0.78 0.86
Pitch angle [deg] :  2.36 -0.46
Roll velocity [Deg/s] :  -20.36 3.58
Pitch velocity [Deg/s] :  3.41 -0.73

VALUES AFTER COLLISION               

Velocity magnitude (v) [mph] :  9.62 5.89
Heading angle [deg] :  26.25 89.50
Velocity direction (ß) [deg] :  66.45 76.55
Yaw velocity [Deg/s] :  12.34 -30.40
Center of gravity x [ft] :  14.58 15.38
Center of gravity y [ft] :  -3.65 -14.63
Center of gravity z [ft] :  1.83 1.83
Velocity vertical [mph] :  -0.00 -0.00
Roll angle [deg] :  0.78 0.86
Pitch angle [deg] :  2.36 -0.46
Roll velocity [Deg/s] :  -18.90 0.03
Pitch velocity [Deg/s] :  6.99 -1.17

9.COLLISION                            
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Vehicle :  1  CHEVROLET 2  FORD-EXPE
Driver :   

t [s]: 0.52 0.52
Pre  Impact vel. [mph]: 7.73 6.64
Post Impact vel. [mph]: 7.57 6.66
Velocity change (dV) [mph] :  0.50 0.22

Deformation depth [ft] :  0.88 1.22
EES [mph] :  0.58 0.45
Def. Energy [kJ]: 0.03 0.04
Stiffness [lb/in]: 6.6 4.8
Coefficient of restitution (e) :  0.00
Separation speed [mph]: 0.7
Friction coefficient (mu) :  0.00
Point of Impact x [ft] :  14.01
Point of Impact y [ft] :  -5.60
Point of Impact z [ft] :  1.48
Angle of contact plane (phi) [deg] :  -92.61
Angle of contact plane (psi) [deg] :  0.00
Total Deformation Energy [ft-lb] :  73.13
Impulse [lb-s] :  62.70
Direction of impulse [deg] :  177.39
Vertical direction of impulse [deg] :  0.00
Moment arm about C.G. [ft] :  3.33 7.91
PDOF (SAE) [deg] :  29.85 -90.00
dV/EES :  0.67 0.67

VALUES BEFORE COLLISION              

Velocity magnitude (v) [mph] :  7.73 6.64
Heading angle [deg] :  27.24 87.39
Velocity direction (ß) [deg] :  66.49 82.31
Yaw velocity [Deg/s] :  6.69 -9.17
Center of gravity x [ft] :  15.16 15.58
Center of gravity y [ft] :  -2.31 -13.59
Center of gravity z [ft] :  1.83 1.83
Velocity vertical [mph] :  -0.01 -0.00
Roll angle [deg] :  -2.18 1.02
Pitch angle [deg] :  2.71 -0.55
Roll velocity [Deg/s] :  -28.18 3.74
Pitch velocity [Deg/s] :  -0.40 -0.94

VALUES AFTER COLLISION               

Velocity magnitude (v) [mph] :  7.57 6.66
Heading angle [deg] :  27.24 87.39
Velocity direction (ß) [deg] :  70.03 80.45
Yaw velocity [Deg/s] :  -1.76 -14.83
Center of gravity x [ft] :  15.16 15.58
Center of gravity y [ft] :  -2.31 -13.59
Center of gravity z [ft] :  1.83 1.83
Velocity vertical [mph] :  -0.01 -0.00
Roll angle [deg] :  -2.18 1.02
Pitch angle [deg] :  2.71 -0.55
Roll velocity [Deg/s] :  -28.04 3.07
Pitch velocity [Deg/s] :  0.70 -1.04

10.COLLISION                            

Vehicle :  1  CHEVROLET 2  FORD-EXPE
Driver :   

t [s]: 0.56 0.56
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Pre  Impact vel. [mph]: 6.84 6.97
Post Impact vel. [mph]: 7.22 6.78
Velocity change (dV) [mph] :  0.48 0.21

Deformation depth [ft] :  0.48 0.63
EES [mph] :  0.42 0.32
Def. Energy [kJ]: 0.02 0.02
Stiffness [lb/in]: 12.2 9.2
Coefficient of restitution (e) :  0.00
Separation speed [mph]: 0.5
Friction coefficient (mu) :  0.00
Point of Impact x [ft] :  14.16
Point of Impact y [ft] :  -5.17
Point of Impact z [ft] :  1.48
Angle of contact plane (phi) [deg] :  -159.86
Angle of contact plane (psi) [deg] :  0.00
Total Deformation Energy [ft-lb] :  38.45
Impulse [lb-s] :  60.70
Direction of impulse [deg] :  110.14
Vertical direction of impulse [deg] :  0.00
Moment arm about C.G. [ft] :  2.22 1.35
PDOF (SAE) [deg] :  97.02 -23.23
dV/EES :  0.90 0.90

VALUES BEFORE COLLISION              

Velocity magnitude (v) [mph] :  6.84 6.97
Heading angle [deg] :  27.16 86.91
Velocity direction (ß) [deg] :  70.13 82.83
Yaw velocity [Deg/s] :  -1.87 -7.65
Center of gravity x [ft] :  15.32 15.65
Center of gravity y [ft] :  -1.87 -13.14
Center of gravity z [ft] :  1.83 1.83
Velocity vertical [mph] :  -0.01 -0.00
Roll angle [deg] :  -3.40 1.19
Pitch angle [deg] :  2.68 -0.58
Roll velocity [Deg/s] :  -25.89 4.34
Pitch velocity [Deg/s] :  -1.57 -0.77

VALUES AFTER COLLISION               

Velocity magnitude (v) [mph] :  7.22 6.78
Heading angle [deg] :  27.16 86.91
Velocity direction (ß) [deg] :  72.60 82.02
Yaw velocity [Deg/s] :  -7.39 -8.59
Center of gravity x [ft] :  15.32 15.65
Center of gravity y [ft] :  -1.87 -13.14
Center of gravity z [ft] :  1.83 1.83
Velocity vertical [mph] :  -0.01 -0.00
Roll angle [deg] :  -3.40 1.19
Pitch angle [deg] :  2.68 -0.58
Roll velocity [Deg/s] :  -23.88 4.05
Pitch velocity [Deg/s] :  -1.35 -0.57

11.COLLISION                            

Vehicle :  1  CHEVROLET 2  FORD-EXPE
Driver :   

t [s]: 0.61 0.61
Pre  Impact vel. [mph]: 6.49 7.09
Post Impact vel. [mph]: 6.44 7.10
Velocity change (dV) [mph] :  0.21 0.09

Deformation depth [ft] :  0.97 1.33
EES [mph] :  0.25 0.19

Reconstruction Tools

Glover v. NLVPD 02.pro - 10/300281



Def. Energy [kJ]: 0.01 0.01
Stiffness [lb/in]: 1.0 0.7
Coefficient of restitution (e) :  0.00
Separation speed [mph]: 1.0
Friction coefficient (mu) :  0.00
Point of Impact x [ft] :  14.29
Point of Impact y [ft] :  -4.73
Point of Impact z [ft] :  1.48
Angle of contact plane (phi) [deg] :  -93.35
Angle of contact plane (psi) [deg] :  0.00
Total Deformation Energy [ft-lb] :  13.26
Impulse [lb-s] :  26.72
Direction of impulse [deg] :  176.65
Vertical direction of impulse [deg] :  0.00
Moment arm about C.G. [ft] :  3.35 7.86
PDOF (SAE) [deg] :  30.19 -90.00
dV/EES :  0.67 0.67

VALUES BEFORE COLLISION              

Velocity magnitude (v) [mph] :  6.49 7.09
Heading angle [deg] :  26.84 86.65
Velocity direction (ß) [deg] :  72.75 84.21
Yaw velocity [Deg/s] :  -6.84 -3.76
Center of gravity x [ft] :  15.45 15.70
Center of gravity y [ft] :  -1.44 -12.68
Center of gravity z [ft] :  1.83 1.83
Velocity vertical [mph] :  -0.02 -0.00
Roll angle [deg] :  -4.41 1.40
Pitch angle [deg] :  2.55 -0.60
Roll velocity [Deg/s] :  -20.86 4.32
Pitch velocity [Deg/s] :  -2.98 -0.38

VALUES AFTER COLLISION               

Velocity magnitude (v) [mph] :  6.44 7.10
Heading angle [deg] :  26.84 86.65
Velocity direction (ß) [deg] :  74.60 83.47
Yaw velocity [Deg/s] :  -10.44 -6.15
Center of gravity x [ft] :  15.45 15.70
Center of gravity y [ft] :  -1.44 -12.68
Center of gravity z [ft] :  1.83 1.83
Velocity vertical [mph] :  -0.02 -0.00
Roll angle [deg] :  -4.41 1.40
Pitch angle [deg] :  2.55 -0.60
Roll velocity [Deg/s] :  -20.76 4.04
Pitch velocity [Deg/s] :  -2.38 -0.44

12.COLLISION                            

Vehicle :  1  CHEVROLET 2  FORD-EXPE
Driver :   

t [s]: 0.65 0.65
Pre  Impact vel. [mph]: 5.71 7.42
Post Impact vel. [mph]: 5.69 7.42
Velocity change (dV) [mph] :  0.12 0.05

Deformation depth [ft] :  1.07 1.43
EES [mph] :  0.14 0.10
Def. Energy [kJ]: 0.00 0.00
Stiffness [lb/in]: 0.2 0.2
Coefficient of restitution (e) :  0.00
Separation speed [mph]: 1.9
Friction coefficient (mu) :  0.00
Point of Impact x [ft] :  14.42
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Point of Impact y [ft] :  -4.28
Point of Impact z [ft] :  1.48
Angle of contact plane (phi) [deg] :  -93.53
Angle of contact plane (psi) [deg] :  0.00
Total Deformation Energy [ft-lb] :  3.97
Impulse [lb-s] :  14.69
Direction of impulse [deg] :  176.47
Vertical direction of impulse [deg] :  0.00
Moment arm about C.G. [ft] :  3.29 7.82
PDOF (SAE) [deg] :  29.94 -90.00
dV/EES :  0.68 0.68

VALUES BEFORE COLLISION              

Velocity magnitude (v) [mph] :  5.71 7.42
Heading angle [deg] :  26.41 86.47
Velocity direction (ß) [deg] :  74.82 84.86
Yaw velocity [Deg/s] :  -9.30 -2.76
Center of gravity x [ft] :  15.56 15.75
Center of gravity y [ft] :  -1.06 -12.21
Center of gravity z [ft] :  1.83 1.83
Velocity vertical [mph] :  -0.03 -0.00
Roll angle [deg] :  -5.27 1.55
Pitch angle [deg] :  2.38 -0.61
Roll velocity [Deg/s] :  -16.89 2.45
Pitch velocity [Deg/s] :  -3.49 -0.28

VALUES AFTER COLLISION               

Velocity magnitude (v) [mph] :  5.69 7.42
Heading angle [deg] :  26.41 86.47
Velocity direction (ß) [deg] :  75.98 84.47
Yaw velocity [Deg/s] :  -11.24 -4.07
Center of gravity x [ft] :  15.56 15.75
Center of gravity y [ft] :  -1.06 -12.21
Center of gravity z [ft] :  1.83 1.83
Velocity vertical [mph] :  -0.03 -0.00
Roll angle [deg] :  -5.27 1.55
Pitch angle [deg] :  2.38 -0.61
Roll velocity [Deg/s] :  -16.82 2.30
Pitch velocity [Deg/s] :  -3.13 -0.31

13.COLLISION                            

Vehicle :  1  CHEVROLET 2  FORD-EXPE
Driver :   

t [s]: 0.70 0.70
Pre  Impact vel. [mph]: 4.95 7.74
Post Impact vel. [mph]: 4.94 7.74
Velocity change (dV) [mph] :  0.08 0.03

Deformation depth [ft] :  1.20 1.56
EES [mph] :  0.09 0.07
Def. Energy [kJ]: 0.00 0.00
Stiffness [lb/in]: 0.1 0.1
Coefficient of restitution (e) :  0.00
Separation speed [mph]: 2.9
Friction coefficient (mu) :  0.00
Point of Impact x [ft] :  14.58
Point of Impact y [ft] :  -3.84
Point of Impact z [ft] :  1.48
Angle of contact plane (phi) [deg] :  -93.65
Angle of contact plane (psi) [deg] :  0.00
Total Deformation Energy [ft-lb] :  1.67
Impulse [lb-s] :  9.60
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Direction of impulse [deg] :  176.35
Vertical direction of impulse [deg] :  0.00
Moment arm about C.G. [ft] :  3.18 7.77
PDOF (SAE) [deg] :  29.61 -90.00
dV/EES :  0.68 0.68

VALUES BEFORE COLLISION              

Velocity magnitude (v) [mph] :  4.95 7.74
Heading angle [deg] :  25.96 86.35
Velocity direction (ß) [deg] :  76.27 85.40
Yaw velocity [Deg/s] :  -9.69 -1.92
Center of gravity x [ft] :  15.64 15.79
Center of gravity y [ft] :  -0.72 -11.71
Center of gravity z [ft] :  1.83 1.83
Velocity vertical [mph] :  -0.02 -0.00
Roll angle [deg] :  -5.94 1.61
Pitch angle [deg] :  2.17 -0.62
Roll velocity [Deg/s] :  -12.52 0.13
Pitch velocity [Deg/s] :  -3.83 -0.18

VALUES AFTER COLLISION               

Velocity magnitude (v) [mph] :  4.94 7.74
Heading angle [deg] :  25.96 86.35
Velocity direction (ß) [deg] :  77.15 85.16
Yaw velocity [Deg/s] :  -10.92 -2.77
Center of gravity x [ft] :  15.64 15.79
Center of gravity y [ft] :  -0.72 -11.71
Center of gravity z [ft] :  1.83 1.83
Velocity vertical [mph] :  -0.02 -0.00
Roll angle [deg] :  -5.94 1.61
Pitch angle [deg] :  2.17 -0.62
Roll velocity [Deg/s] :  -12.45 0.03
Pitch velocity [Deg/s] :  -3.59 -0.20

14.COLLISION                            

Vehicle :  1  CHEVROLET 2  FORD-EXPE
Driver :   

t [s]: 0.74 0.74
Pre  Impact vel. [mph]: 4.20 8.07
Post Impact vel. [mph]: 4.19 8.07
Velocity change (dV) [mph] :  0.05 0.02

Deformation depth [ft] :  1.37 1.72
EES [mph] :  0.06 0.05
Def. Energy [kJ]: 0.00 0.00
Stiffness [lb/in]: 0.0 0.0
Coefficient of restitution (e) :  0.00
Separation speed [mph]: 3.9
Friction coefficient (mu) :  0.00
Point of Impact x [ft] :  14.76
Point of Impact y [ft] :  -3.40
Point of Impact z [ft] :  1.48
Angle of contact plane (phi) [deg] :  -93.73
Angle of contact plane (psi) [deg] :  0.00
Total Deformation Energy [ft-lb] :  0.83
Impulse [lb-s] :  6.86
Direction of impulse [deg] :  176.27
Vertical direction of impulse [deg] :  0.00
Moment arm about C.G. [ft] :  3.03 7.70
PDOF (SAE) [deg] :  29.26 -90.01
dV/EES :  0.69 0.69
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VALUES BEFORE COLLISION              

Velocity magnitude (v) [mph] :  4.20 8.07
Heading angle [deg] :  25.53 86.26
Velocity direction (ß) [deg] :  77.49 85.81
Yaw velocity [Deg/s] :  -9.11 -1.30
Center of gravity x [ft] :  15.71 15.83
Center of gravity y [ft] :  -0.43 -11.18
Center of gravity z [ft] :  1.82 1.83
Velocity vertical [mph] :  -0.00 -0.00
Roll angle [deg] :  -6.41 1.56
Pitch angle [deg] :  1.95 -0.62
Roll velocity [Deg/s] :  -8.36 -2.03
Pitch velocity [Deg/s] :  -3.88 -0.10

VALUES AFTER COLLISION               

Velocity magnitude (v) [mph] :  4.19 8.07
Heading angle [deg] :  25.53 86.26
Velocity direction (ß) [deg] :  78.23 85.64
Yaw velocity [Deg/s] :  -9.94 -1.90
Center of gravity x [ft] :  15.71 15.83
Center of gravity y [ft] :  -0.43 -11.18
Center of gravity z [ft] :  1.82 1.83
Velocity vertical [mph] :  -0.00 -0.00
Roll angle [deg] :  -6.41 1.56
Pitch angle [deg] :  1.95 -0.62
Roll velocity [Deg/s] :  -8.30 -2.10
Pitch velocity [Deg/s] :  -3.70 -0.11

15.COLLISION                            

Vehicle :  1  CHEVROLET 2  FORD-EXPE
Driver :   

t [s]: 0.79 0.79
Pre  Impact vel. [mph]: 3.45 8.40
Post Impact vel. [mph]: 5.59 7.50
Velocity change (dV) [mph] :  2.44 1.06

Deformation depth [ft] :  0.78 1.08
EES [mph] :  2.11 1.64
Def. Energy [kJ]: 0.41 0.57
Stiffness [lb/in]: 111.2 80.4
Coefficient of restitution (e) :  0.00
Separation speed [mph]: 3.7
Friction coefficient (mu) :  0.00
Point of Impact x [ft] :  14.95
Point of Impact y [ft] :  -2.96
Point of Impact z [ft] :  1.48
Angle of contact plane (phi) [deg] :  25.71
Angle of contact plane (psi) [deg] :  0.00
Total Deformation Energy [ft-lb] :  977.66
Impulse [lb-s] :  305.55
Direction of impulse [deg] :  115.71
Vertical direction of impulse [deg] :  0.00
Moment arm about C.G. [ft] :  1.93 2.51
PDOF (SAE) [deg] :  89.45 -29.50
dV/EES :  0.90 0.90

VALUES BEFORE COLLISION              

Velocity magnitude (v) [mph] :  3.45 8.40
Heading angle [deg] :  25.16 86.21
Velocity direction (ß) [deg] :  78.63 86.11
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Yaw velocity [Deg/s] :  -8.00 -0.85
Center of gravity x [ft] :  15.76 15.87
Center of gravity y [ft] :  -0.18 -10.64
Center of gravity z [ft] :  1.83 1.83
Velocity vertical [mph] :  0.01 -0.00
Roll angle [deg] :  -6.71 1.42
Pitch angle [deg] :  1.74 -0.62
Roll velocity [Deg/s] :  -4.85 -3.70
Pitch velocity [Deg/s] :  -3.63 -0.03

VALUES AFTER COLLISION               

Velocity magnitude (v) [mph] :  5.59 7.50
Heading angle [deg] :  25.16 86.21
Velocity direction (ß) [deg] :  93.89 82.11
Yaw velocity [Deg/s] :  -31.93 -9.61
Center of gravity x [ft] :  15.76 15.87
Center of gravity y [ft] :  -0.18 -10.64
Center of gravity z [ft] :  1.83 1.83
Velocity vertical [mph] :  0.01 -0.00
Roll angle [deg] :  -6.71 1.42
Pitch angle [deg] :  1.74 -0.62
Roll velocity [Deg/s] :  7.04 -5.40
Pitch velocity [Deg/s] :  -0.76 0.82

16.COLLISION                            

Vehicle :  1  CHEVROLET 2  FORD-EXPE
Driver :   

t [s]: 0.83 0.83
Pre  Impact vel. [mph]: 4.86 7.81
Post Impact vel. [mph]: 6.31 7.20
Velocity change (dV) [mph] :  1.46 0.63

Deformation depth [ft] :  0.82 1.06
EES [mph] :  1.19 0.89
Def. Energy [kJ]: 0.13 0.17
Stiffness [lb/in]: 31.9 24.7
Coefficient of restitution (e) :  0.00
Separation speed [mph]: 3.3
Friction coefficient (mu) :  0.00
Point of Impact x [ft] :  15.12
Point of Impact y [ft] :  -2.46
Point of Impact z [ft] :  1.48
Angle of contact plane (phi) [deg] :  -169.79
Angle of contact plane (psi) [deg] :  0.00
Total Deformation Energy [ft-lb] :  297.63
Impulse [lb-s] :  182.13
Direction of impulse [deg] :  100.21
Vertical direction of impulse [deg] :  0.00
Moment arm about C.G. [ft] :  1.07 0.57
PDOF (SAE) [deg] :  103.55 -14.30
dV/EES :  0.97 0.97

VALUES BEFORE COLLISION              

Velocity magnitude (v) [mph] :  4.86 7.81
Heading angle [deg] :  23.76 85.91
Velocity direction (ß) [deg] :  94.77 84.36
Yaw velocity [Deg/s] :  -30.92 -4.49
Center of gravity x [ft] :  15.73 15.93
Center of gravity y [ft] :  0.16 -10.14
Center of gravity z [ft] :  1.83 1.83
Velocity vertical [mph] :  0.02 0.00
Roll angle [deg] :  -6.50 1.29
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Pitch angle [deg] :  1.53 -0.58
Roll velocity [Deg/s] :  3.93 -1.91
Pitch velocity [Deg/s] :  -1.21 0.62

VALUES AFTER COLLISION               

Velocity magnitude (v) [mph] :  6.31 7.20
Heading angle [deg] :  23.76 85.91
Velocity direction (ß) [deg] :  96.03 82.99
Yaw velocity [Deg/s] :  -38.91 -5.68
Center of gravity x [ft] :  15.73 15.93
Center of gravity y [ft] :  0.16 -10.14
Center of gravity z [ft] :  1.83 1.83
Velocity vertical [mph] :  0.02 0.00
Roll angle [deg] :  -6.50 1.29
Pitch angle [deg] :  1.53 -0.58
Roll velocity [Deg/s] :  11.55 -2.47
Pitch velocity [Deg/s] :  -0.90 1.30

17.COLLISION                            

Vehicle :  1  CHEVROLET 2  FORD-EXPE
Driver :   

t [s]: 0.90 0.90
Pre  Impact vel. [mph]: 5.20 7.71
Post Impact vel. [mph]: 5.10 7.71
Velocity change (dV) [mph] :  0.82 0.36

Deformation depth [ft] :  1.83 2.04
EES [mph] :  0.94 0.66
Def. Energy [kJ]: 0.08 0.09
Stiffness [lb/in]: 4.1 3.6
Coefficient of restitution (e) :  0.00
Separation speed [mph]: 2.4
Friction coefficient (mu) :  0.00
Point of Impact x [ft] :  15.33
Point of Impact y [ft] :  -1.68
Point of Impact z [ft] :  1.48
Angle of contact plane (phi) [deg] :  -94.29
Angle of contact plane (psi) [deg] :  0.00
Total Deformation Energy [ft-lb] :  172.59
Impulse [lb-s] :  102.69
Direction of impulse [deg] :  -4.29
Vertical direction of impulse [deg] :  0.00
Moment arm about C.G. [ft] :  2.44 7.62
PDOF (SAE) [deg] :  -154.58 90.00
dV/EES :  0.72 0.72

VALUES BEFORE COLLISION              

Velocity magnitude (v) [mph] :  5.20 7.71
Heading angle [deg] :  21.13 85.71
Velocity direction (ß) [deg] :  97.19 85.05
Yaw velocity [Deg/s] :  -36.58 -1.40
Center of gravity x [ft] :  15.66 16.00
Center of gravity y [ft] :  0.74 -9.37
Center of gravity z [ft] :  1.83 1.83
Velocity vertical [mph] :  0.01 0.00
Roll angle [deg] :  -6.10 1.19
Pitch angle [deg] :  1.18 -0.52
Roll velocity [Deg/s] :  2.46 -1.53
Pitch velocity [Deg/s] :  -0.69 0.51
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VALUES AFTER COLLISION               

Velocity magnitude (v) [mph] :  5.10 7.71
Heading angle [deg] :  21.13 85.71
Velocity direction (ß) [deg] :  88.11 87.70
Yaw velocity [Deg/s] :  -26.57 7.52
Center of gravity x [ft] :  15.66 16.00
Center of gravity y [ft] :  0.74 -9.37
Center of gravity z [ft] :  1.83 1.83
Velocity vertical [mph] :  0.01 0.00
Roll angle [deg] :  -6.10 1.19
Pitch angle [deg] :  1.18 -0.52
Roll velocity [Deg/s] :  1.08 -0.42
Pitch velocity [Deg/s] :  -3.09 0.70

18.COLLISION                            

Vehicle :  1  CHEVROLET 2  FORD-EXPE
Driver :   

t [s]: 0.95 0.95
Pre  Impact vel. [mph]: 4.38 8.04
Post Impact vel. [mph]: 6.12 7.32
Velocity change (dV) [mph] :  1.85 0.80

Deformation depth [ft] :  0.87 1.18
EES [mph] :  1.54 1.18
Def. Energy [kJ]: 0.22 0.30
Stiffness [lb/in]: 48.0 35.3
Coefficient of restitution (e) :  0.00
Separation speed [mph]: 2.8
Friction coefficient (mu) :  0.00
Point of Impact x [ft] :  15.45
Point of Impact y [ft] :  -1.23
Point of Impact z [ft] :  1.48
Angle of contact plane (phi) [deg] :  -157.24
Angle of contact plane (psi) [deg] :  0.00
Total Deformation Energy [ft-lb] :  513.43
Impulse [lb-s] :  231.87
Direction of impulse [deg] :  112.76
Vertical direction of impulse [deg] :  0.00
Moment arm about C.G. [ft] :  1.08 2.42
PDOF (SAE) [deg] :  87.26 -26.83
dV/EES :  0.94 0.94

VALUES BEFORE COLLISION              

Velocity magnitude (v) [mph] :  4.38 8.04
Heading angle [deg] :  20.02 85.93
Velocity direction (ß) [deg] :  89.02 87.02
Yaw velocity [Deg/s] :  -24.02 3.21
Center of gravity x [ft] :  15.67 16.03
Center of gravity y [ft] :  1.05 -8.85
Center of gravity z [ft] :  1.83 1.83
Velocity vertical [mph] :  -0.00 0.00
Roll angle [deg] :  -6.16 1.06
Pitch angle [deg] :  0.96 -0.50
Roll velocity [Deg/s] :  -1.98 -4.32
Pitch velocity [Deg/s] :  -1.55 0.16

VALUES AFTER COLLISION               

Velocity magnitude (v) [mph] :  6.12 7.32
Heading angle [deg] :  20.02 85.93
Velocity direction (ß) [deg] :  96.02 84.29
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Yaw velocity [Deg/s] :  -34.22 -3.20
Center of gravity x [ft] :  15.67 16.03
Center of gravity y [ft] :  1.05 -8.85
Center of gravity z [ft] :  1.83 1.83
Velocity vertical [mph] :  -0.00 0.00
Roll angle [deg] :  -6.16 1.06
Pitch angle [deg] :  0.96 -0.50
Roll velocity [Deg/s] :  8.41 -5.54
Pitch velocity [Deg/s] :  -0.29 0.87

19.COLLISION                            

Vehicle :  1  CHEVROLET 2  FORD-EXPE
Driver :   

t [s]: 0.99 0.99
Pre  Impact vel. [mph]: 5.40 7.65
Post Impact vel. [mph]: 6.67 7.11
Velocity change (dV) [mph] :  1.28 0.56

Deformation depth [ft] :  0.90 1.14
EES [mph] :  1.03 0.77
Def. Energy [kJ]: 0.10 0.12
Stiffness [lb/in]: 20.1 15.8
Coefficient of restitution (e) :  0.00
Separation speed [mph]: 2.7
Friction coefficient (mu) :  0.00
Point of Impact x [ft] :  15.59
Point of Impact y [ft] :  -0.75
Point of Impact z [ft] :  1.48
Angle of contact plane (phi) [deg] :  -171.39
Angle of contact plane (psi) [deg] :  0.00
Total Deformation Energy [ft-lb] :  221.74
Impulse [lb-s] :  160.16
Direction of impulse [deg] :  98.61
Vertical direction of impulse [deg] :  0.00
Moment arm about C.G. [ft] :  0.37 0.67
PDOF (SAE) [deg] :  99.92 -12.77
dV/EES :  0.99 0.99

VALUES BEFORE COLLISION              

Velocity magnitude (v) [mph] :  5.40 7.65
Heading angle [deg] :  18.53 85.84
Velocity direction (ß) [deg] :  96.63 85.48
Yaw velocity [Deg/s] :  -32.55 -1.29
Center of gravity x [ft] :  15.63 16.07
Center of gravity y [ft] :  1.43 -8.36
Center of gravity z [ft] :  1.83 1.83
Velocity vertical [mph] :  -0.01 0.00
Roll angle [deg] :  -5.97 0.87
Pitch angle [deg] :  0.81 -0.48
Roll velocity [Deg/s] :  1.84 -3.58
Pitch velocity [Deg/s] :  0.32 0.30

VALUES AFTER COLLISION               

Velocity magnitude (v) [mph] :  6.67 7.11
Heading angle [deg] :  18.53 85.84
Velocity direction (ß) [deg] :  97.01 84.46
Yaw velocity [Deg/s] :  -34.99 -2.51
Center of gravity x [ft] :  15.63 16.07
Center of gravity y [ft] :  1.43 -8.36
Center of gravity z [ft] :  1.83 1.83
Velocity vertical [mph] :  -0.01 0.00
Roll angle [deg] :  -5.97 0.87
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Pitch angle [deg] :  0.81 -0.48
Roll velocity [Deg/s] :  9.18 -4.02
Pitch velocity [Deg/s] :  0.18 0.91

20.COLLISION                            

Vehicle :  1  CHEVROLET 2  FORD-EXPE
Driver :   

t [s]: 1.05 1.05
Pre  Impact vel. [mph]: 5.70 6.82
Post Impact vel. [mph]: 6.00 6.70
Velocity change (dV) [mph] :  0.30 0.13

Deformation depth [ft] :  0.88 1.16
EES [mph] :  0.25 0.19
Def. Energy [kJ]: 0.01 0.01
Stiffness [lb/in]: 1.2 0.9
Coefficient of restitution (e) :  0.00
Separation speed [mph]: 2.7
Friction coefficient (mu) :  0.00
Point of Impact x [ft] :  15.74
Point of Impact y [ft] :  -0.11
Point of Impact z [ft] :  1.48
Angle of contact plane (phi) [deg] :  17.06
Angle of contact plane (psi) [deg] :  0.00
Total Deformation Energy [ft-lb] :  13.02
Impulse [lb-s] :  38.10
Direction of impulse [deg] :  107.06
Vertical direction of impulse [deg] :  0.00
Moment arm about C.G. [ft] :  0.44 1.87
PDOF (SAE) [deg] :  89.44 -21.33
dV/EES :  0.97 0.97

VALUES BEFORE COLLISION              

Velocity magnitude (v) [mph] :  5.70 6.82
Heading angle [deg] :  16.50 85.73
Velocity direction (ß) [deg] :  97.69 85.07
Yaw velocity [Deg/s] :  -32.98 -1.85
Center of gravity x [ft] :  15.56 16.12
Center of gravity y [ft] :  1.96 -7.74
Center of gravity z [ft] :  1.83 1.83
Velocity vertical [mph] :  -0.01 0.00
Roll angle [deg] :  -5.78 0.67
Pitch angle [deg] :  0.63 -0.35
Roll velocity [Deg/s] :  -0.75 -3.58
Pitch velocity [Deg/s] :  0.88 3.66

VALUES AFTER COLLISION               

Velocity magnitude (v) [mph] :  6.00 6.70
Heading angle [deg] :  16.50 85.73
Velocity direction (ß) [deg] :  98.16 84.65
Yaw velocity [Deg/s] :  -33.66 -2.66
Center of gravity x [ft] :  15.56 16.12
Center of gravity y [ft] :  1.96 -7.74
Center of gravity z [ft] :  1.83 1.83
Velocity vertical [mph] :  -0.01 0.00
Roll angle [deg] :  -5.78 0.67
Pitch angle [deg] :  0.63 -0.35
Roll velocity [Deg/s] :  1.02 -3.75
Pitch velocity [Deg/s] :  0.95 3.79
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21.COLLISION                            

Vehicle :  1  CHEVROLET 2  FORD-EXPE
Driver :   

t [s]: 1.09 1.09
Pre  Impact vel. [mph]: 5.28 6.27
Post Impact vel. [mph]: 5.15 6.27
Velocity change (dV) [mph] :  0.85 0.37

Deformation depth [ft] :  2.57 2.38
EES [mph] :  1.00 0.63
Def. Energy [kJ]: 0.09 0.08
Stiffness [lb/in]: 2.3 2.5
Coefficient of restitution (e) :  0.00
Separation speed [mph]: 1.4
Friction coefficient (mu) :  0.00
Point of Impact x [ft] :  15.86
Point of Impact y [ft] :  0.31
Point of Impact z [ft] :  1.48
Angle of contact plane (phi) [deg] :  -94.39
Angle of contact plane (psi) [deg] :  0.00
Total Deformation Energy [ft-lb] :  176.51
Impulse [lb-s] :  106.33
Direction of impulse [deg] :  -4.39
Vertical direction of impulse [deg] :  0.00
Moment arm about C.G. [ft] :  1.99 7.58
PDOF (SAE) [deg] :  -160.59 90.01
dV/EES :  0.73 0.73

VALUES BEFORE COLLISION              

Velocity magnitude (v) [mph] :  5.28 6.27
Heading angle [deg] :  15.02 85.62
Velocity direction (ß) [deg] :  98.82 84.79
Yaw velocity [Deg/s] :  -32.05 -2.36
Center of gravity x [ft] :  15.51 16.16
Center of gravity y [ft] :  2.33 -7.32
Center of gravity z [ft] :  1.83 1.83
Velocity vertical [mph] :  -0.01 0.00
Roll angle [deg] :  -5.89 0.50
Pitch angle [deg] :  0.54 -0.14
Roll velocity [Deg/s] :  -4.55 -3.58
Pitch velocity [Deg/s] :  1.35 5.47

VALUES AFTER COLLISION               

Velocity magnitude (v) [mph] :  5.15 6.27
Heading angle [deg] :  15.02 85.62
Velocity direction (ß) [deg] :  89.59 88.16
Yaw velocity [Deg/s] :  -23.63 6.83
Center of gravity x [ft] :  15.51 16.16
Center of gravity y [ft] :  2.33 -7.32
Center of gravity z [ft] :  1.83 1.83
Velocity vertical [mph] :  -0.01 0.00
Roll angle [deg] :  -5.89 0.50
Pitch angle [deg] :  0.54 -0.14
Roll velocity [Deg/s] :  -5.95 -2.23
Pitch velocity [Deg/s] :  -0.94 5.55

22.COLLISION                            

Vehicle :  1  CHEVROLET 2  FORD-EXPE
Driver :   
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t [s]: 1.14 1.14
Pre  Impact vel. [mph]: 4.43 5.82
Post Impact vel. [mph]: 4.42 5.82
Velocity change (dV) [mph] :  0.05 0.02

Deformation depth [ft] :  2.84 2.47
EES [mph] :  0.05 0.03
Def. Energy [kJ]: 0.00 0.00
Stiffness [lb/in]: 0.0 0.0
Coefficient of restitution (e) :  0.00
Separation speed [mph]: 1.7
Friction coefficient (mu) :  0.00
Point of Impact x [ft] :  15.92
Point of Impact y [ft] :  0.66
Point of Impact z [ft] :  1.48
Angle of contact plane (phi) [deg] :  -94.13
Angle of contact plane (psi) [deg] :  0.00
Total Deformation Energy [ft-lb] :  0.50
Impulse [lb-s] :  5.65
Direction of impulse [deg] :  -4.13
Vertical direction of impulse [deg] :  0.00
Moment arm about C.G. [ft] :  1.94 7.55
PDOF (SAE) [deg] :  -161.84 90.00
dV/EES :  0.74 0.74

VALUES BEFORE COLLISION              

Velocity magnitude (v) [mph] :  4.43 5.82
Heading angle [deg] :  14.03 85.87
Velocity direction (ß) [deg] :  90.42 88.55
Yaw velocity [Deg/s] :  -21.20 4.88
Center of gravity x [ft] :  15.50 16.17
Center of gravity y [ft] :  2.64 -6.92
Center of gravity z [ft] :  1.83 1.83
Velocity vertical [mph] :  -0.02 -0.00
Roll angle [deg] :  -6.23 0.40
Pitch angle [deg] :  0.43 0.13
Roll velocity [Deg/s] :  -8.27 -2.24
Pitch velocity [Deg/s] :  0.60 6.13

VALUES AFTER COLLISION               

Velocity magnitude (v) [mph] :  4.42 5.82
Heading angle [deg] :  14.03 85.87
Velocity direction (ß) [deg] :  89.83 88.74
Yaw velocity [Deg/s] :  -20.77 5.36
Center of gravity x [ft] :  15.50 16.17
Center of gravity y [ft] :  2.64 -6.92
Center of gravity z [ft] :  1.83 1.83
Velocity vertical [mph] :  -0.02 -0.00
Roll angle [deg] :  -6.23 0.40
Pitch angle [deg] :  0.43 0.13
Roll velocity [Deg/s] :  -8.34 -2.16
Pitch velocity [Deg/s] :  0.48 6.13

23.COLLISION                            

Vehicle :  1  CHEVROLET 2  FORD-EXPE
Driver :   

t [s]: 1.18 1.18
Pre  Impact vel. [mph]: 3.70 5.35
Post Impact vel. [mph]: 3.69 5.35
Velocity change (dV) [mph] :  0.04 0.02

Reconstruction Tools

Glover v. NLVPD 02.pro - 21/300292



Deformation depth [ft] :  3.14 2.55
EES [mph] :  0.05 0.03
Def. Energy [kJ]: 0.00 0.00
Stiffness [lb/in]: 0.0 0.0
Coefficient of restitution (e) :  0.00
Separation speed [mph]: 1.9
Friction coefficient (mu) :  0.00
Point of Impact x [ft] :  15.98
Point of Impact y [ft] :  0.98
Point of Impact z [ft] :  1.48
Angle of contact plane (phi) [deg] :  -93.92
Angle of contact plane (psi) [deg] :  0.00
Total Deformation Energy [ft-lb] :  0.38
Impulse [lb-s] :  4.99
Direction of impulse [deg] :  -3.92
Vertical direction of impulse [deg] :  0.00
Moment arm about C.G. [ft] :  1.89 7.50
PDOF (SAE) [deg] :  -162.93 90.00
dV/EES :  0.74 0.74

VALUES BEFORE COLLISION              

Velocity magnitude (v) [mph] :  3.70 5.35
Heading angle [deg] :  13.15 86.08
Velocity direction (ß) [deg] :  90.90 88.84
Yaw velocity [Deg/s] :  -18.48 4.09
Center of gravity x [ft] :  15.50 16.18
Center of gravity y [ft] :  2.91 -6.55
Center of gravity z [ft] :  1.82 1.83
Velocity vertical [mph] :  -0.02 -0.00
Roll angle [deg] :  -6.64 0.30
Pitch angle [deg] :  0.39 0.40
Roll velocity [Deg/s] :  -9.06 -2.58
Pitch velocity [Deg/s] :  1.70 5.89

VALUES AFTER COLLISION               

Velocity magnitude (v) [mph] :  3.69 5.35
Heading angle [deg] :  13.15 86.08
Velocity direction (ß) [deg] :  90.28 89.02
Yaw velocity [Deg/s] :  -18.10 4.52
Center of gravity x [ft] :  15.50 16.18
Center of gravity y [ft] :  2.91 -6.55
Center of gravity z [ft] :  1.82 1.83
Velocity vertical [mph] :  -0.02 -0.00
Roll angle [deg] :  -6.64 0.30
Pitch angle [deg] :  0.39 0.40
Roll velocity [Deg/s] :  -9.12 -2.51
Pitch velocity [Deg/s] :  1.59 5.89

24.COLLISION                            

Vehicle :  1  CHEVROLET 2  FORD-EXPE
Driver :   

t [s]: 1.23 1.23
Pre  Impact vel. [mph]: 2.97 4.76
Post Impact vel. [mph]: 2.96 4.76
Velocity change (dV) [mph] :  0.04 0.02

Deformation depth [ft] :  3.46 2.63
EES [mph] :  0.04 0.03
Def. Energy [kJ]: 0.00 0.00
Stiffness [lb/in]: 0.0 0.0
Coefficient of restitution (e) :  0.00
Separation speed [mph]: 2.0
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Friction coefficient (mu) :  0.00
Point of Impact x [ft] :  16.04
Point of Impact y [ft] :  1.25
Point of Impact z [ft] :  1.48
Angle of contact plane (phi) [deg] :  -93.74
Angle of contact plane (psi) [deg] :  0.00
Total Deformation Energy [ft-lb] :  0.31
Impulse [lb-s] :  4.49
Direction of impulse [deg] :  -3.74
Vertical direction of impulse [deg] :  0.00
Moment arm about C.G. [ft] :  1.84 7.44
PDOF (SAE) [deg] :  -163.88 90.00
dV/EES :  0.74 0.74

VALUES BEFORE COLLISION              

Velocity magnitude (v) [mph] :  2.97 4.76
Heading angle [deg] :  12.38 86.26
Velocity direction (ß) [deg] :  91.68 89.02
Yaw velocity [Deg/s] :  -16.04 3.60
Center of gravity x [ft] :  15.50 16.19
Center of gravity y [ft] :  3.12 -6.22
Center of gravity z [ft] :  1.82 1.83
Velocity vertical [mph] :  -0.03 -0.00
Roll angle [deg] :  -7.04 0.18
Pitch angle [deg] :  0.39 0.65
Roll velocity [Deg/s] :  -8.70 -2.84
Pitch velocity [Deg/s] :  2.41 5.69

VALUES AFTER COLLISION               

Velocity magnitude (v) [mph] :  2.96 4.76
Heading angle [deg] :  12.38 86.26
Velocity direction (ß) [deg] :  90.99 89.21
Yaw velocity [Deg/s] :  -15.71 3.98
Center of gravity x [ft] :  15.50 16.19
Center of gravity y [ft] :  3.12 -6.22
Center of gravity z [ft] :  1.82 1.83
Velocity vertical [mph] :  -0.03 -0.00
Roll angle [deg] :  -7.04 0.18
Pitch angle [deg] :  0.39 0.65
Roll velocity [Deg/s] :  -8.75 -2.77
Pitch velocity [Deg/s] :  2.31 5.70

25.COLLISION                            

Vehicle :  1  CHEVROLET 2  FORD-EXPE
Driver :   

t [s]: 1.27 1.27
Pre  Impact vel. [mph]: 2.24 4.02
Post Impact vel. [mph]: 2.24 4.02
Velocity change (dV) [mph] :  0.03 0.01

Deformation depth [ft] :  3.78 2.69
EES [mph] :  0.04 0.02
Def. Energy [kJ]: 0.00 0.00
Stiffness [lb/in]: 0.0 0.0
Coefficient of restitution (e) :  0.00
Separation speed [mph]: 2.0
Friction coefficient (mu) :  0.00
Point of Impact x [ft] :  16.08
Point of Impact y [ft] :  1.47
Point of Impact z [ft] :  1.48
Angle of contact plane (phi) [deg] :  -93.58
Angle of contact plane (psi) [deg] :  0.00
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Total Deformation Energy [ft-lb] :  0.26
Impulse [lb-s] :  4.15
Direction of impulse [deg] :  -3.58
Vertical direction of impulse [deg] :  0.00
Moment arm about C.G. [ft] :  1.79 7.38
PDOF (SAE) [deg] :  -164.71 90.00
dV/EES :  0.75 0.75

VALUES BEFORE COLLISION              

Velocity magnitude (v) [mph] :  2.24 4.02
Heading angle [deg] :  11.71 86.42
Velocity direction (ß) [deg] :  92.96 89.18
Yaw velocity [Deg/s] :  -13.83 3.28
Center of gravity x [ft] :  15.49 16.19
Center of gravity y [ft] :  3.29 -5.93
Center of gravity z [ft] :  1.82 1.83
Velocity vertical [mph] :  -0.03 -0.00
Roll angle [deg] :  -7.42 0.05
Pitch angle [deg] :  0.42 0.91
Roll velocity [Deg/s] :  -7.58 -2.91
Pitch velocity [Deg/s] :  2.73 5.52

VALUES AFTER COLLISION               

Velocity magnitude (v) [mph] :  2.24 4.02
Heading angle [deg] :  11.71 86.42
Velocity direction (ß) [deg] :  92.12 89.38
Yaw velocity [Deg/s] :  -13.54 3.63
Center of gravity x [ft] :  15.49 16.19
Center of gravity y [ft] :  3.29 -5.93
Center of gravity z [ft] :  1.82 1.83
Velocity vertical [mph] :  -0.03 -0.00
Roll angle [deg] :  -7.42 0.05
Pitch angle [deg] :  0.42 0.91
Roll velocity [Deg/s] :  -7.63 -2.84
Pitch velocity [Deg/s] :  2.64 5.52

26.COLLISION                            

Vehicle :  1  CHEVROLET 2  FORD-EXPE
Driver :   

t [s]: 1.32 1.32
Pre  Impact vel. [mph]: 1.51 3.28
Post Impact vel. [mph]: 1.51 3.28
Velocity change (dV) [mph] :  0.03 0.01

Deformation depth [ft] :  4.11 2.75
EES [mph] :  0.04 0.02
Def. Energy [kJ]: 0.00 0.00
Stiffness [lb/in]: 0.0 0.0
Coefficient of restitution (e) :  0.00
Separation speed [mph]: 1.9
Friction coefficient (mu) :  0.00
Point of Impact x [ft] :  16.12
Point of Impact y [ft] :  1.64
Point of Impact z [ft] :  1.48
Angle of contact plane (phi) [deg] :  -93.43
Angle of contact plane (psi) [deg] :  0.00
Total Deformation Energy [ft-lb] :  0.24
Impulse [lb-s] :  4.05
Direction of impulse [deg] :  -3.43
Vertical direction of impulse [deg] :  0.00
Moment arm about C.G. [ft] :  1.73 7.32
PDOF (SAE) [deg] :  -165.43 90.00
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dV/EES :  0.75 0.75

VALUES BEFORE COLLISION              

Velocity magnitude (v) [mph] :  1.51 3.28
Heading angle [deg] :  11.14 86.57
Velocity direction (ß) [deg] :  95.41 89.33
Yaw velocity [Deg/s] :  -11.72 2.91
Center of gravity x [ft] :  15.49 16.19
Center of gravity y [ft] :  3.41 -5.70
Center of gravity z [ft] :  1.82 1.83
Velocity vertical [mph] :  -0.02 -0.01
Roll angle [deg] :  -7.72 -0.07
Pitch angle [deg] :  0.47 1.14
Roll velocity [Deg/s] :  -5.88 -2.68
Pitch velocity [Deg/s] :  2.61 4.72

VALUES AFTER COLLISION               

Velocity magnitude (v) [mph] :  1.51 3.28
Heading angle [deg] :  11.14 86.57
Velocity direction (ß) [deg] :  94.19 89.58
Yaw velocity [Deg/s] :  -11.44 3.25
Center of gravity x [ft] :  15.49 16.19
Center of gravity y [ft] :  3.41 -5.70
Center of gravity z [ft] :  1.82 1.83
Velocity vertical [mph] :  -0.02 -0.01
Roll angle [deg] :  -7.72 -0.07
Pitch angle [deg] :  0.47 1.14
Roll velocity [Deg/s] :  -5.92 -2.60
Pitch velocity [Deg/s] :  2.52 4.72

27.COLLISION                            

Vehicle :  1  CHEVROLET 2  FORD-EXPE
Driver :   

t [s]: 1.36 1.36
Pre  Impact vel. [mph]: 0.80 2.54
Post Impact vel. [mph]: 0.80 2.54
Velocity change (dV) [mph] :  0.03 0.01

Deformation depth [ft] :  4.44 2.80
EES [mph] :  0.03 0.02
Def. Energy [kJ]: 0.00 0.00
Stiffness [lb/in]: 0.0 0.0
Coefficient of restitution (e) :  0.00
Separation speed [mph]: 1.9
Friction coefficient (mu) :  0.00
Point of Impact x [ft] :  16.15
Point of Impact y [ft] :  1.77
Point of Impact z [ft] :  1.48
Angle of contact plane (phi) [deg] :  -93.31
Angle of contact plane (psi) [deg] :  0.00
Total Deformation Energy [ft-lb] :  0.18
Impulse [lb-s] :  3.46
Direction of impulse [deg] :  -3.31
Vertical direction of impulse [deg] :  0.00
Moment arm about C.G. [ft] :  1.68 7.26
PDOF (SAE) [deg] :  -166.02 90.01
dV/EES :  0.75 0.75

VALUES BEFORE COLLISION              

Velocity magnitude (v) [mph] :  0.80 2.54
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Heading angle [deg] :  10.67 86.70
Velocity direction (ß) [deg] :  101.70 89.50
Yaw velocity [Deg/s] :  -9.14 2.49
Center of gravity x [ft] :  15.48 16.19
Center of gravity y [ft] :  3.49 -5.51
Center of gravity z [ft] :  1.82 1.83
Velocity vertical [mph] :  -0.01 -0.01
Roll angle [deg] :  -7.94 -0.18
Pitch angle [deg] :  0.51 1.32
Roll velocity [Deg/s] :  -3.59 -2.28
Pitch velocity [Deg/s] :  2.03 3.60

VALUES AFTER COLLISION               

Velocity magnitude (v) [mph] :  0.80 2.54
Heading angle [deg] :  10.67 86.70
Velocity direction (ß) [deg] :  99.78 89.77
Yaw velocity [Deg/s] :  -8.91 2.78
Center of gravity x [ft] :  15.48 16.19
Center of gravity y [ft] :  3.49 -5.51
Center of gravity z [ft] :  1.82 1.83
Velocity vertical [mph] :  -0.01 -0.01
Roll angle [deg] :  -7.94 -0.18
Pitch angle [deg] :  0.51 1.32
Roll velocity [Deg/s] :  -3.62 -2.21
Pitch velocity [Deg/s] :  1.95 3.60

28.COLLISION                            

Vehicle :  1  CHEVROLET 2  FORD-EXPE
Driver :   

t [s]: 1.41 1.41
Pre  Impact vel. [mph]: 0.23 1.80
Post Impact vel. [mph]: 0.23 1.80
Velocity change (dV) [mph] :  0.00 0.00

Deformation depth [ft] :  4.74 2.84
EES [mph] :  0.00 0.00
Def. Energy [kJ]: 0.00 0.00
Stiffness [lb/in]: 0.0 0.0
Coefficient of restitution (e) :  0.00
Separation speed [mph]: 1.7
Friction coefficient (mu) :  0.00
Point of Impact x [ft] :  16.17
Point of Impact y [ft] :  1.85
Point of Impact z [ft] :  1.48
Angle of contact plane (phi) [deg] :  -93.20
Angle of contact plane (psi) [deg] :  0.00
Total Deformation Energy [ft-lb] :  0.00
Impulse [lb-s] :  0.00
Direction of impulse [deg] :  176.80
Vertical direction of impulse [deg] :  0.00
Moment arm about C.G. [ft] :  1.63 7.20
PDOF (SAE) [deg] :  13.56 -90.00
dV/EES :  0.76 0.76

VALUES BEFORE COLLISION              

Velocity magnitude (v) [mph] :  0.23 1.80
Heading angle [deg] :  10.36 86.80
Velocity direction (ß) [deg] :  129.11 89.61
Yaw velocity [Deg/s] :  -4.68 1.97
Center of gravity x [ft] :  15.47 16.20
Center of gravity y [ft] :  3.52 -5.37
Center of gravity z [ft] :  1.82 1.83
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Velocity vertical [mph] :  0.01 -0.01
Roll angle [deg] :  -8.01 -0.27
Pitch angle [deg] :  0.52 1.46
Roll velocity [Deg/s] :  1.25 -1.80
Pitch velocity [Deg/s] :  0.51 2.40

VALUES AFTER COLLISION               

Velocity magnitude (v) [mph] :  0.23 1.80
Heading angle [deg] :  10.36 86.80
Velocity direction (ß) [deg] :  129.12 89.61
Yaw velocity [Deg/s] :  -4.68 1.97
Center of gravity x [ft] :  15.47 16.20
Center of gravity y [ft] :  3.52 -5.37
Center of gravity z [ft] :  1.82 1.83
Velocity vertical [mph] :  0.01 -0.01
Roll angle [deg] :  -8.01 -0.27
Pitch angle [deg] :  0.52 1.46
Roll velocity [Deg/s] :  1.25 -1.80
Pitch velocity [Deg/s] :  0.51 2.40

29.COLLISION                            

Vehicle :  1  CHEVROLET 2  FORD-EXPE
Driver :   

t [s]: 1.45 1.45
Pre  Impact vel. [mph]: 0.18 1.06
Post Impact vel. [mph]: 0.17 1.06
Velocity change (dV) [mph] :  0.03 0.01

Deformation depth [ft] :  4.87 2.86
EES [mph] :  0.03 0.02
Def. Energy [kJ]: 0.00 0.00
Stiffness [lb/in]: 0.0 0.0
Coefficient of restitution (e) :  0.00
Separation speed [mph]: 1.0
Friction coefficient (mu) :  0.00
Point of Impact x [ft] :  16.18
Point of Impact y [ft] :  1.89
Point of Impact z [ft] :  1.48
Angle of contact plane (phi) [deg] :  -93.14
Angle of contact plane (psi) [deg] :  0.00
Total Deformation Energy [ft-lb] :  0.17
Impulse [lb-s] :  3.43
Direction of impulse [deg] :  -3.14
Vertical direction of impulse [deg] :  0.00
Moment arm about C.G. [ft] :  1.58 7.15
PDOF (SAE) [deg] :  -166.52 90.01
dV/EES :  0.76 0.76

VALUES BEFORE COLLISION              

Velocity magnitude (v) [mph] :  0.18 1.06
Heading angle [deg] :  10.34 86.87
Velocity direction (ß) [deg] :  133.57 89.39
Yaw velocity [Deg/s] :  -4.06 1.23
Center of gravity x [ft] :  15.47 16.20
Center of gravity y [ft] :  3.52 -5.27
Center of gravity z [ft] :  1.82 1.83
Velocity vertical [mph] :  0.01 -0.01
Roll angle [deg] :  -7.99 -0.33
Pitch angle [deg] :  0.52 1.54
Roll velocity [Deg/s] :  2.30 -1.27
Pitch velocity [Deg/s] :  0.14 1.29
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VALUES AFTER COLLISION               

Velocity magnitude (v) [mph] :  0.17 1.06
Heading angle [deg] :  10.34 86.87
Velocity direction (ß) [deg] :  127.06 90.03
Yaw velocity [Deg/s] :  -3.85 1.51
Center of gravity x [ft] :  15.47 16.20
Center of gravity y [ft] :  3.52 -5.27
Center of gravity z [ft] :  1.82 1.83
Velocity vertical [mph] :  0.01 -0.01
Roll angle [deg] :  -7.99 -0.33
Pitch angle [deg] :  0.52 1.54
Roll velocity [Deg/s] :  2.27 -1.20
Pitch velocity [Deg/s] :  0.07 1.29

30.COLLISION                            

Vehicle :  1  CHEVROLET 2  FORD-EXPE
Driver :   

t [s]: 1.50 1.50
Pre  Impact vel. [mph]: 0.17 0.33
Post Impact vel. [mph]: 0.14 0.33
Velocity change (dV) [mph] :  0.04 0.02

Deformation depth [ft] :  4.93 2.87
EES [mph] :  0.05 0.03
Def. Energy [kJ]: 0.00 0.00
Stiffness [lb/in]: 0.0 0.0
Coefficient of restitution (e) :  0.00
Separation speed [mph]: 0.2
Friction coefficient (mu) :  0.00
Point of Impact x [ft] :  16.19
Point of Impact y [ft] :  1.91
Point of Impact z [ft] :  1.48
Angle of contact plane (phi) [deg] :  -93.09
Angle of contact plane (psi) [deg] :  0.00
Total Deformation Energy [ft-lb] :  0.38
Impulse [lb-s] :  5.11
Direction of impulse [deg] :  -3.09
Vertical direction of impulse [deg] :  0.00
Moment arm about C.G. [ft] :  1.56 7.13
PDOF (SAE) [deg] :  -166.57 90.00
dV/EES :  0.76 0.76

VALUES BEFORE COLLISION              

Velocity magnitude (v) [mph] :  0.17 0.33
Heading angle [deg] :  10.34 86.91
Velocity direction (ß) [deg] :  127.06 90.47
Yaw velocity [Deg/s] :  -3.85 0.72
Center of gravity x [ft] :  15.47 16.20
Center of gravity y [ft] :  3.52 -5.23
Center of gravity z [ft] :  1.82 1.83
Velocity vertical [mph] :  0.01 -0.00
Roll angle [deg] :  -7.99 -0.37
Pitch angle [deg] :  0.52 1.57
Roll velocity [Deg/s] :  2.27 -0.65
Pitch velocity [Deg/s] :  0.07 0.36

VALUES AFTER COLLISION               

Velocity magnitude (v) [mph] :  0.14 0.33
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Heading angle [deg] :  10.34 86.91
Velocity direction (ß) [deg] :  114.44 93.56
Yaw velocity [Deg/s] :  -3.54 1.13
Center of gravity x [ft] :  15.47 16.20
Center of gravity y [ft] :  3.52 -5.23
Center of gravity z [ft] :  1.82 1.83
Velocity vertical [mph] :  0.01 -0.00
Roll angle [deg] :  -7.99 -0.37
Pitch angle [deg] :  0.52 1.57
Roll velocity [Deg/s] :  2.23 -0.54
Pitch velocity [Deg/s] :  -0.04 0.36

SEQUENCES
 
 
1  CHEVROLET : 

REACTION
Reaction time [sec] : 1.00

BRAKE LAG
Threshold time [sec] : 0.20

BRAKE
maximum stopping distance [ft] : 32.81
Brake force [%] 
  Axle 1, left : 0.00
  Axle 1, right : 0.00
  Axle 2, left : 0.00
  Axle 2, right : 0.00
mean brake acceleration [g] : 0.00

START VALUES                         
Velocity [mph] : 14.00
Friction coefficient : 0.75

BRAKE
maximum stopping distance [ft] : 300.00
Brake force [%] 
  Axle 1, left : 215.77
  Axle 1, right : 215.77
  Axle 2, left : 40.90
  Axle 2, right : 40.90
mean brake acceleration [g] : -0.75

 
 
2  FORD-EXPE : 

REACTION
Reaction time [sec] : 1.00

BRAKE LAG
Threshold time [sec] : 0.20

BRAKE
maximum stopping distance [ft] : 32.81
Brake force [%] 
  Axle 1, left : 0.00
  Axle 1, right : 0.00
  Axle 2, left : 0.00
  Axle 2, right : 0.00
mean brake acceleration [g] : 0.00

START VALUES                         
Velocity [mph] : 8.00
Friction coefficient : 0.75

ACCELERATE
Maximum acceleration time [s] : 1.00
Accelerative force [%] 
  Axle 1, left : 0.00
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  Axle 1, right : 0.00
  Axle 2, left : 67.00
  Axle 2, right : 67.00
Average acceleration [g] : 0.33

BRAKE LAG
Threshold time [sec] : 0.20

BRAKE
maximum stopping distance [ft] : 300.00
Brake force [%] 
  Axle 1, left : 222.73
  Axle 1, right : 222.73
  Axle 2, left : 81.92
  Axle 2, right : 81.92
mean brake acceleration [g] : -0.75

INPUT VALUES                         

Vehicle :  CHEVROLET-CAVALIER 4DR SEDAN BASE/LS FORD-EXPEDITION MAX 4WD 
SUV EDDIE BAUER/LIMI
Database:   DB_USDBASE   DB_USDBASE
RecordID:           30           15
Length [in] :  180.31 221.26
Width [in] :  67.32 78.74
Height [in] :  54.72 77.56
Number of axles :  2 2
Wheelbase [in] :  103.94 131.10
Front overhang [in] :  38.98 39.37
Front track width [in] :  57.48 66.93
Rear track width [in] :  57.09 67.32
Mass (empty) [lb] :  2601.47 6155.34

(2746.47) (6330.34)
Mass of front occupants [lb] :  145.00 175.00
Mass of rear occupants [lb] :  0.00 0.00
Mass of cargo in trunk [lb] :  0.00 0.00
Mass of roof cargo [lb] :  0.00 0.00
Distance C.G. - front axle [in] :  37.42 65.55

(37.36) (65.01)
C.G. height above ground [in] :  22.00 22.00

(22.00) (22.00)
Roll moment of inertia [lbfts^2] :  400.48 1466.66

(421.63) (1507.20)
Pitch moment of inertia [lbfts^2] :  1334.94 4888.86

(1405.42) (5024.01)
Yaw moment of inertia [lbfts^2] :  1334.94 4888.86

(1405.42) (5024.01)
Stiffness, axle 1, left [lb/in] :  141.01 260.66
Stiffness, axle 1, right [lb/in] :  141.01 260.66
Stiffness, axle 2, left [lb/in] :  79.32 260.66
Stiffness, axle 2, right [lb/in] :  79.32 260.66
Damping, axle 1, left [lb-s/ft] :  190.37 351.90
Damping, axle 1, right [lb-s/ft] :  190.37 351.90
Damping, axle 2, left [lb-s/ft] :  107.08 351.90
Damping, axle 2, right [lb-s/ft] :  107.08 351.90
Max. slip angle,axle 1, left [deg]:  10.00 10.00
Max. slip angle,axle 1, right [deg]:  10.00 10.00
Max. slip angle,axle 2, left [deg]:  10.00 10.00
Max. slip angle,axle 2, right [deg]:  10.00 10.00
ABS :  No No

Characters: 62285

Reconstruction Tools

Glover v. NLVPD 02.pro - 30/300301



3/26/2015
0.5 second post collision acceleration

Vehicle :  CHEVROLET-CAVALIER 4DR SEDAN BASE/LS FORD-EXPEDITION MAX 4WD 
SUV EDDIE BAUER/LIMI
Database:   DB_USDBASE   DB_USDBASE
RecordID:           30           15

START VALUES                         

Velocity magnitude (v) [mph] :  14.00 8.00
Heading angle [deg] :  0.00 90.00
Velocity direction (ß) [deg] :  0.00 90.00
Yaw velocity [Deg/s] :  0.00 0.00
Center of gravity x [ft] :  8.64 15.27
Center of gravity y [ft] :  -6.90 -18.49
Center of gravity z [ft] :  1.83 1.83
Velocity vertical [mph] :  -0.00 0.00
Roll angle [deg] :  0.00 0.00
Pitch angle [deg] :  0.00 0.00
Roll velocity [Deg/s] :  0.00 0.00
Pitch velocity [Deg/s] :  0.00 0.00

END VALUES                           

Velocity magnitude (v) [mph] :  0.38 0.24
Heading angle [deg] :  28.38 82.58
Velocity direction (ß) [deg] :  60.09 87.42
Yaw velocity [Deg/s] :  3.42 -0.90
Center of gravity x [ft] :  15.62 16.30
Center of gravity y [ft] :  0.29 -10.18
Center of gravity z [ft] :  1.83 1.83
Velocity vertical [mph] :  -0.00 -0.00
Roll angle [deg] :  -6.74 0.46
Pitch angle [deg] :  1.16 1.62
Roll velocity [Deg/s] :  2.27 -0.96
Pitch velocity [Deg/s] :  -0.00 -0.02

1.COLLISION                            

Vehicle :  1  CHEVROLET 2  FORD-EXPE
Driver :   

t [s]: 0.06 0.06
Pre  Impact vel. [mph]: 13.15 8.53
Post Impact vel. [mph]: 13.13 6.63
Velocity change (dV) [mph] :  4.48 1.94

Deformation depth [ft] :  0.27 0.30
EES [mph] :  4.78 3.30
Def. Energy [kJ]: 2.10 2.30
Stiffness [lb/in]: 4747.7 4328.2
Coefficient of restitution (e) :  0.00
Separation speed [mph]: 14.5
Friction coefficient (mu) :  0.00
Point of Impact x [ft] :  14.33
Point of Impact y [ft] :  -9.30
Point of Impact z [ft] :  1.48
Angle of contact plane (phi) [deg] :  -169.88
Angle of contact plane (psi) [deg] :  0.00
Total Deformation Energy [ft-lb] :  4405.21
Impulse [lb-s] :  560.34
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Direction of impulse [deg] :  100.12
Vertical direction of impulse [deg] :  0.00
Moment arm about C.G. [ft] :  3.91 0.55
PDOF (SAE) [deg] :  79.88 -10.09
dV/EES :  0.77 0.77

VALUES BEFORE COLLISION              

Velocity magnitude (v) [mph] :  13.15 8.53
Heading angle [deg] :  0.00 90.03
Velocity direction (ß) [deg] :  0.00 90.01
Yaw velocity [Deg/s] :  0.00 0.87
Center of gravity x [ft] :  9.93 15.27
Center of gravity y [ft] :  -6.90 -17.70
Center of gravity z [ft] :  1.83 1.83
Velocity vertical [mph] :  -0.00 0.00
Roll angle [deg] :  0.00 0.00
Pitch angle [deg] :  0.22 -0.09
Roll velocity [Deg/s] :  0.00 0.02
Pitch velocity [Deg/s] :  6.30 -2.48

VALUES AFTER COLLISION               

Velocity magnitude (v) [mph] :  13.13 6.63
Heading angle [deg] :  0.00 90.03
Velocity direction (ß) [deg] :  19.61 87.06
Yaw velocity [Deg/s] :  89.23 -2.65
Center of gravity x [ft] :  9.93 15.27
Center of gravity y [ft] :  -6.90 -17.70
Center of gravity z [ft] :  1.83 1.83
Velocity vertical [mph] :  -0.00 0.00
Roll angle [deg] :  0.00 0.00
Pitch angle [deg] :  0.22 -0.09
Roll velocity [Deg/s] :  27.61 -1.28
Pitch velocity [Deg/s] :  7.71 -0.26

2.COLLISION                            

Vehicle :  1  CHEVROLET 2  FORD-EXPE
Driver :   

t [s]: 0.13 0.13
Pre  Impact vel. [mph]: 12.29 7.17
Post Impact vel. [mph]: 12.48 6.83
Velocity change (dV) [mph] :  0.80 0.35

Deformation depth [ft] :  0.23 0.29
EES [mph] :  0.76 0.57
Def. Energy [kJ]: 0.05 0.07
Stiffness [lb/in]: 174.4 134.3
Coefficient of restitution (e) :  0.00
Separation speed [mph]: 13.7
Friction coefficient (mu) :  0.00
Point of Impact x [ft] :  14.49
Point of Impact y [ft] :  -8.67
Point of Impact z [ft] :  1.48
Angle of contact plane (phi) [deg] :  8.16
Angle of contact plane (psi) [deg] :  0.00
Total Deformation Energy [ft-lb] :  122.01
Impulse [lb-s] :  100.15
Direction of impulse [deg] :  98.16
Vertical direction of impulse [deg] :  0.00
Moment arm about C.G. [ft] :  3.16 0.40
PDOF (SAE) [deg] :  86.83 -8.19
dV/EES :  0.83 0.83
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VALUES BEFORE COLLISION              

Velocity magnitude (v) [mph] :  12.29 7.17
Heading angle [deg] :  4.99 89.97
Velocity direction (ß) [deg] :  19.67 88.91
Yaw velocity [Deg/s] :  77.71 -0.08
Center of gravity x [ft] :  10.98 15.29
Center of gravity y [ft] :  -6.52 -17.09
Center of gravity z [ft] :  1.83 1.83
Velocity vertical [mph] :  -0.00 0.00
Roll angle [deg] :  1.11 0.08
Pitch angle [deg] :  0.71 -0.17
Roll velocity [Deg/s] :  9.85 2.23
Pitch velocity [Deg/s] :  9.93 -2.35

VALUES AFTER COLLISION               

Velocity magnitude (v) [mph] :  12.48 6.83
Heading angle [deg] :  4.99 89.97
Velocity direction (ß) [deg] :  23.27 88.44
Yaw velocity [Deg/s] :  90.61 -0.54
Center of gravity x [ft] :  10.98 15.29
Center of gravity y [ft] :  -6.52 -17.09
Center of gravity z [ft] :  1.83 1.83
Velocity vertical [mph] :  -0.00 0.00
Roll angle [deg] :  1.11 0.08
Pitch angle [deg] :  0.71 -0.17
Roll velocity [Deg/s] :  15.19 2.05
Pitch velocity [Deg/s] :  10.26 -1.96

3.COLLISION                            

Vehicle :  1  CHEVROLET 2  FORD-EXPE
Driver :   

t [s]: 0.17 0.17
Pre  Impact vel. [mph]: 11.84 7.24
Post Impact vel. [mph]: 12.08 6.93
Velocity change (dV) [mph] :  0.74 0.32

Deformation depth [ft] :  0.24 0.34
EES [mph] :  0.63 0.50
Def. Energy [kJ]: 0.04 0.05
Stiffness [lb/in]: 105.5 74.3
Coefficient of restitution (e) :  0.00
Separation speed [mph]: 13.0
Friction coefficient (mu) :  0.00
Point of Impact x [ft] :  14.27
Point of Impact y [ft] :  -8.27
Point of Impact z [ft] :  1.48
Angle of contact plane (phi) [deg] :  5.54
Angle of contact plane (psi) [deg] :  0.00
Total Deformation Energy [ft-lb] :  89.53
Impulse [lb-s] :  92.17
Direction of impulse [deg] :  95.54
Vertical direction of impulse [deg] :  0.00
Moment arm about C.G. [ft] :  2.34 0.22
PDOF (SAE) [deg] :  93.31 -5.57
dV/EES :  0.89 0.89

VALUES BEFORE COLLISION              

Velocity magnitude (v) [mph] :  11.84 7.24
Heading angle [deg] :  8.85 89.97
Velocity direction (ß) [deg] :  23.25 89.04
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Yaw velocity [Deg/s] :  81.79 0.27
Center of gravity x [ft] :  11.72 15.30
Center of gravity y [ft] :  -6.21 -16.63
Center of gravity z [ft] :  1.83 1.83
Velocity vertical [mph] :  -0.00 0.00
Roll angle [deg] :  1.53 0.19
Pitch angle [deg] :  1.09 -0.29
Roll velocity [Deg/s] :  2.55 2.27
Pitch velocity [Deg/s] :  10.56 -2.83

VALUES AFTER COLLISION               

Velocity magnitude (v) [mph] :  12.08 6.93
Heading angle [deg] :  8.85 89.97
Velocity direction (ß) [deg] :  26.57 88.74
Yaw velocity [Deg/s] :  90.55 0.50
Center of gravity x [ft] :  11.72 15.30
Center of gravity y [ft] :  -6.21 -16.63
Center of gravity z [ft] :  1.83 1.83
Velocity vertical [mph] :  -0.00 0.00
Roll angle [deg] :  1.53 0.19
Pitch angle [deg] :  1.09 -0.29
Roll velocity [Deg/s] :  7.52 2.15
Pitch velocity [Deg/s] :  10.72 -2.46

4.COLLISION                            

Vehicle :  1  CHEVROLET 2  FORD-EXPE
Driver :   

t [s]: 0.22 0.22
Pre  Impact vel. [mph]: 11.42 7.34
Post Impact vel. [mph]: 12.12 6.40
Velocity change (dV) [mph] :  2.24 0.97

Deformation depth [ft] :  0.31 0.44
EES [mph] :  1.79 1.41
Def. Energy [kJ]: 0.29 0.42
Stiffness [lb/in]: 516.2 360.8
Coefficient of restitution (e) :  0.00
Separation speed [mph]: 11.8
Friction coefficient (mu) :  0.00
Point of Impact x [ft] :  14.09
Point of Impact y [ft] :  -7.91
Point of Impact z [ft] :  1.48
Angle of contact plane (phi) [deg] :  -166.45
Angle of contact plane (psi) [deg] :  0.00
Total Deformation Energy [ft-lb] :  715.66
Impulse [lb-s] :  280.33
Direction of impulse [deg] :  103.55
Vertical direction of impulse [deg] :  0.00
Moment arm about C.G. [ft] :  1.15 0.75
PDOF (SAE) [deg] :  89.17 -13.56
dV/EES :  0.96 0.96

VALUES BEFORE COLLISION              

Velocity magnitude (v) [mph] :  11.42 7.34
Heading angle [deg] :  12.72 89.99
Velocity direction (ß) [deg] :  26.44 89.22
Yaw velocity [Deg/s] :  82.26 0.57
Center of gravity x [ft] :  12.41 15.31
Center of gravity y [ft] :  -5.86 -16.15
Center of gravity z [ft] :  1.83 1.83
Velocity vertical [mph] :  -0.01 0.00
Roll angle [deg] :  1.65 0.28
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Pitch angle [deg] :  1.45 -0.41
Roll velocity [Deg/s] :  -3.98 1.92
Pitch velocity [Deg/s] :  10.20 -2.85

VALUES AFTER COLLISION               

Velocity magnitude (v) [mph] :  12.12 6.40
Heading angle [deg] :  12.72 89.99
Velocity direction (ß) [deg] :  36.82 87.07
Yaw velocity [Deg/s] :  95.29 -1.82
Center of gravity x [ft] :  12.41 15.31
Center of gravity y [ft] :  -5.86 -16.15
Center of gravity z [ft] :  1.83 1.83
Velocity vertical [mph] :  -0.01 0.00
Roll angle [deg] :  1.65 0.28
Pitch angle [deg] :  1.45 -0.41
Roll velocity [Deg/s] :  10.56 1.09
Pitch velocity [Deg/s] :  10.64 -1.76

5.COLLISION                            

Vehicle :  1  CHEVROLET 2  FORD-EXPE
Driver :   

t [s]: 0.27 0.27
Pre  Impact vel. [mph]: 11.32 6.91
Post Impact vel. [mph]: 12.17 5.89
Velocity change (dV) [mph] :  2.65 1.15

Deformation depth [ft] :  0.38 0.54
EES [mph] :  2.11 1.66
Def. Energy [kJ]: 0.41 0.58
Stiffness [lb/in]: 477.4 334.2
Coefficient of restitution (e) :  0.00
Separation speed [mph]: 9.5
Friction coefficient (mu) :  0.00
Point of Impact x [ft] :  13.89
Point of Impact y [ft] :  -7.49
Point of Impact z [ft] :  1.48
Angle of contact plane (phi) [deg] :  -155.84
Angle of contact plane (psi) [deg] :  0.00
Total Deformation Energy [ft-lb] :  991.29
Impulse [lb-s] :  332.18
Direction of impulse [deg] :  114.16
Vertical direction of impulse [deg] :  0.00
Moment arm about C.G. [ft] :  0.23 2.02
PDOF (SAE) [deg] :  83.48 -24.21
dV/EES :  0.97 0.97

VALUES BEFORE COLLISION              

Velocity magnitude (v) [mph] :  11.32 6.91
Heading angle [deg] :  17.64 89.95
Velocity direction (ß) [deg] :  36.62 88.71
Yaw velocity [Deg/s] :  84.31 -0.10
Center of gravity x [ft] :  13.17 15.32
Center of gravity y [ft] :  -5.30 -15.61
Center of gravity z [ft] :  1.83 1.83
Velocity vertical [mph] :  -0.01 0.00
Roll angle [deg] :  1.84 0.41
Pitch angle [deg] :  1.83 -0.52
Roll velocity [Deg/s] :  -6.41 2.60
Pitch velocity [Deg/s] :  8.80 -2.08
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VALUES AFTER COLLISION               

Velocity magnitude (v) [mph] :  12.17 5.89
Heading angle [deg] :  17.64 89.95
Velocity direction (ß) [deg] :  48.92 83.89
Yaw velocity [Deg/s] :  81.02 -7.76
Center of gravity x [ft] :  13.17 15.32
Center of gravity y [ft] :  -5.30 -15.61
Center of gravity z [ft] :  1.83 1.83
Velocity vertical [mph] :  -0.01 0.00
Roll angle [deg] :  1.84 0.41
Pitch angle [deg] :  1.83 -0.52
Roll velocity [Deg/s] :  9.03 1.00
Pitch velocity [Deg/s] :  9.23 -0.91

6.COLLISION                            

Vehicle :  1  CHEVROLET 2  FORD-EXPE
Driver :   

t [s]: 0.34 0.34
Pre  Impact vel. [mph]: 11.06 6.51
Post Impact vel. [mph]: 9.30 6.69
Velocity change (dV) [mph] :  3.12 1.35

Deformation depth [ft] :  1.07 1.36
EES [mph] :  3.54 2.63
Def. Energy [kJ]: 1.15 1.46
Stiffness [lb/in]: 167.1 131.2
Coefficient of restitution (e) :  0.00
Separation speed [mph]: 1.0
Friction coefficient (mu) :  0.00
Point of Impact x [ft] :  13.75
Point of Impact y [ft] :  -6.96
Point of Impact z [ft] :  1.48
Angle of contact plane (phi) [deg] :  -90.31
Angle of contact plane (psi) [deg] :  0.00
Total Deformation Energy [ft-lb] :  2610.60
Impulse [lb-s] :  390.12
Direction of impulse [deg] :  179.69
Vertical direction of impulse [deg] :  0.00
Moment arm about C.G. [ft] :  2.56 8.01
PDOF (SAE) [deg] :  23.27 -90.00
dV/EES :  0.70 0.70

VALUES BEFORE COLLISION              

Velocity magnitude (v) [mph] :  11.06 6.51
Heading angle [deg] :  22.96 89.69
Velocity direction (ß) [deg] :  48.32 87.59
Yaw velocity [Deg/s] :  70.99 -1.15
Center of gravity x [ft] :  13.95 15.36
Center of gravity y [ft] :  -4.41 -14.98
Center of gravity z [ft] :  1.83 1.83
Velocity vertical [mph] :  -0.01 0.00
Roll angle [deg] :  1.61 0.68
Pitch angle [deg] :  2.18 -0.59
Roll velocity [Deg/s] :  -15.97 4.39
Pitch velocity [Deg/s] :  6.15 -1.30

VALUES AFTER COLLISION               

Velocity magnitude (v) [mph] :  9.30 6.69
Heading angle [deg] :  22.96 89.69
Velocity direction (ß) [deg] :  62.88 75.94
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Yaw velocity [Deg/s] :  30.33 -36.76
Center of gravity x [ft] :  13.95 15.36
Center of gravity y [ft] :  -4.41 -14.98
Center of gravity z [ft] :  1.83 1.83
Velocity vertical [mph] :  -0.01 0.00
Roll angle [deg] :  1.61 0.68
Pitch angle [deg] :  2.18 -0.59
Roll velocity [Deg/s] :  -13.78 0.37
Pitch velocity [Deg/s] :  10.13 -1.72

7.COLLISION                            

Vehicle :  1  CHEVROLET 2  FORD-EXPE
Driver :   

t [s]: 0.41 0.41
Pre  Impact vel. [mph]: 8.15 7.30
Post Impact vel. [mph]: 8.46 7.13
Velocity change (dV) [mph] :  0.49 0.21

Deformation depth [ft] :  0.46 0.63
EES [mph] :  0.41 0.32
Def. Energy [kJ]: 0.02 0.02
Stiffness [lb/in]: 12.1 8.9
Coefficient of restitution (e) :  0.00
Separation speed [mph]: 0.8
Friction coefficient (mu) :  0.00
Point of Impact x [ft] :  14.06
Point of Impact y [ft] :  -6.28
Point of Impact z [ft] :  1.48
Angle of contact plane (phi) [deg] :  25.35
Angle of contact plane (psi) [deg] :  0.00
Total Deformation Energy [ft-lb] :  37.10
Impulse [lb-s] :  61.94
Direction of impulse [deg] :  115.35
Vertical direction of impulse [deg] :  0.00
Moment arm about C.G. [ft] :  1.41 2.10
PDOF (SAE) [deg] :  89.45 -27.63
dV/EES :  0.93 0.93

VALUES BEFORE COLLISION              

Velocity magnitude (v) [mph] :  8.15 7.30
Heading angle [deg] :  24.80 87.72
Velocity direction (ß) [deg] :  62.70 78.15
Yaw velocity [Deg/s] :  23.01 -21.63
Center of gravity x [ft] :  14.36 15.53
Center of gravity y [ft] :  -3.61 -14.28
Center of gravity z [ft] :  1.83 1.83
Velocity vertical [mph] :  -0.00 0.00
Roll angle [deg] :  0.09 0.71
Pitch angle [deg] :  2.64 -0.68
Roll velocity [Deg/s] :  -28.32 0.72
Pitch velocity [Deg/s] :  4.38 -1.48

VALUES AFTER COLLISION               

Velocity magnitude (v) [mph] :  8.46 7.13
Heading angle [deg] :  24.80 87.72
Velocity direction (ß) [deg] :  65.36 77.11
Yaw velocity [Deg/s] :  19.43 -23.12
Center of gravity x [ft] :  14.36 15.53
Center of gravity y [ft] :  -3.61 -14.28
Center of gravity z [ft] :  1.83 1.83
Velocity vertical [mph] :  -0.00 0.00
Roll angle [deg] :  0.09 0.71
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Pitch angle [deg] :  2.64 -0.68
Roll velocity [Deg/s] :  -25.92 0.40
Pitch velocity [Deg/s] :  4.38 -1.28

8.COLLISION                            

Vehicle :  1  CHEVROLET 2  FORD-EXPE
Driver :   

t [s]: 0.46 0.46
Pre  Impact vel. [mph]: 7.72 7.50
Post Impact vel. [mph]: 8.15 7.28
Velocity change (dV) [mph] :  0.66 0.29

Deformation depth [ft] :  0.50 0.68
EES [mph] :  0.55 0.43
Def. Energy [kJ]: 0.03 0.04
Stiffness [lb/in]: 18.8 13.9
Coefficient of restitution (e) :  0.00
Separation speed [mph]: 0.7
Friction coefficient (mu) :  0.00
Point of Impact x [ft] :  14.26
Point of Impact y [ft] :  -5.83
Point of Impact z [ft] :  1.48
Angle of contact plane (phi) [deg] :  26.15
Angle of contact plane (psi) [deg] :  0.00
Total Deformation Energy [ft-lb] :  66.47
Impulse [lb-s] :  82.27
Direction of impulse [deg] :  116.15
Vertical direction of impulse [deg] :  0.00
Moment arm about C.G. [ft] :  1.48 2.29
PDOF (SAE) [deg] :  89.45 -29.29
dV/EES :  0.92 0.92

VALUES BEFORE COLLISION              

Velocity magnitude (v) [mph] :  7.72 7.50
Heading angle [deg] :  25.60 86.86
Velocity direction (ß) [deg] :  65.28 79.34
Yaw velocity [Deg/s] :  16.58 -15.80
Center of gravity x [ft] :  14.58 15.62
Center of gravity y [ft] :  -3.13 -13.80
Center of gravity z [ft] :  1.83 1.83
Velocity vertical [mph] :  -0.00 -0.00
Roll angle [deg] :  -1.14 0.79
Pitch angle [deg] :  2.76 -0.72
Roll velocity [Deg/s] :  -29.51 2.70
Pitch velocity [Deg/s] :  1.13 -1.05

VALUES AFTER COLLISION               

Velocity magnitude (v) [mph] :  8.15 7.28
Heading angle [deg] :  25.60 86.86
Velocity direction (ß) [deg] :  68.87 77.99
Yaw velocity [Deg/s] :  11.59 -17.95
Center of gravity x [ft] :  14.58 15.62
Center of gravity y [ft] :  -3.13 -13.80
Center of gravity z [ft] :  1.83 1.83
Velocity vertical [mph] :  -0.00 -0.00
Roll angle [deg] :  -1.14 0.79
Pitch angle [deg] :  2.76 -0.72
Roll velocity [Deg/s] :  -26.39 2.25
Pitch velocity [Deg/s] :  1.24 -0.79
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9.COLLISION                            

Vehicle :  1  CHEVROLET 2  FORD-EXPE
Driver :   

t [s]: 0.50 0.50
Pre  Impact vel. [mph]: 7.42 7.65
Post Impact vel. [mph]: 7.35 7.67
Velocity change (dV) [mph] :  0.25 0.11

Deformation depth [ft] :  1.05 1.42
EES [mph] :  0.28 0.22
Def. Energy [kJ]: 0.01 0.01
Stiffness [lb/in]: 1.1 0.8
Coefficient of restitution (e) :  0.00
Separation speed [mph]: 1.1
Friction coefficient (mu) :  0.00
Point of Impact x [ft] :  14.44
Point of Impact y [ft] :  -5.38
Point of Impact z [ft] :  1.48
Angle of contact plane (phi) [deg] :  -93.78
Angle of contact plane (psi) [deg] :  0.00
Total Deformation Energy [ft-lb] :  17.13
Impulse [lb-s] :  31.54
Direction of impulse [deg] :  176.22
Vertical direction of impulse [deg] :  0.00
Moment arm about C.G. [ft] :  2.74 7.84
PDOF (SAE) [deg] :  29.85 -90.00
dV/EES :  0.70 0.70

VALUES BEFORE COLLISION              

Velocity magnitude (v) [mph] :  7.42 7.65
Heading angle [deg] :  26.07 86.22
Velocity direction (ß) [deg] :  68.80 80.43
Yaw velocity [Deg/s] :  9.87 -11.39
Center of gravity x [ft] :  14.77 15.71
Center of gravity y [ft] :  -2.65 -13.32
Center of gravity z [ft] :  1.83 1.83
Velocity vertical [mph] :  -0.01 -0.00
Roll angle [deg] :  -2.35 0.96
Pitch angle [deg] :  2.76 -0.75
Roll velocity [Deg/s] :  -27.65 4.52
Pitch velocity [Deg/s] :  -1.51 -0.62

VALUES AFTER COLLISION               

Velocity magnitude (v) [mph] :  7.35 7.67
Heading angle [deg] :  26.07 86.22
Velocity direction (ß) [deg] :  70.67 79.62
Yaw velocity [Deg/s] :  6.38 -14.20
Center of gravity x [ft] :  14.77 15.71
Center of gravity y [ft] :  -2.65 -13.32
Center of gravity z [ft] :  1.83 1.83
Velocity vertical [mph] :  -0.01 -0.00
Roll angle [deg] :  -2.35 0.96
Pitch angle [deg] :  2.76 -0.75
Roll velocity [Deg/s] :  -27.46 4.22
Pitch velocity [Deg/s] :  -0.98 -0.67

10.COLLISION                            

Vehicle :  1  CHEVROLET 2  FORD-EXPE
Driver :   
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t [s]: 0.55 0.55
Pre  Impact vel. [mph]: 6.61 7.39
Post Impact vel. [mph]: 7.10 7.15
Velocity change (dV) [mph] :  0.68 0.29

Deformation depth [ft] :  0.57 0.78
EES [mph] :  0.57 0.44
Def. Energy [kJ]: 0.03 0.04
Stiffness [lb/in]: 15.2 11.2
Coefficient of restitution (e) :  0.00
Separation speed [mph]: 1.2
Friction coefficient (mu) :  0.00
Point of Impact x [ft] :  14.63
Point of Impact y [ft] :  -4.93
Point of Impact z [ft] :  1.48
Angle of contact plane (phi) [deg] :  26.90
Angle of contact plane (psi) [deg] :  0.00
Total Deformation Energy [ft-lb] :  70.97
Impulse [lb-s] :  84.50
Direction of impulse [deg] :  116.90
Vertical direction of impulse [deg] :  0.00
Moment arm about C.G. [ft] :  1.49 2.52
PDOF (SAE) [deg] :  89.44 -31.25
dV/EES :  0.92 0.92

VALUES BEFORE COLLISION              

Velocity magnitude (v) [mph] :  6.61 7.39
Heading angle [deg] :  26.34 85.65
Velocity direction (ß) [deg] :  70.58 79.81
Yaw velocity [Deg/s] :  5.81 -12.16
Center of gravity x [ft] :  14.92 15.80
Center of gravity y [ft] :  -2.22 -12.83
Center of gravity z [ft] :  1.83 1.83
Velocity vertical [mph] :  -0.01 -0.00
Roll angle [deg] :  -3.55 1.10
Pitch angle [deg] :  2.67 -0.68
Roll velocity [Deg/s] :  -26.00 1.65
Pitch velocity [Deg/s] :  -3.15 2.99

VALUES AFTER COLLISION               

Velocity magnitude (v) [mph] :  7.10 7.15
Heading angle [deg] :  26.34 85.65
Velocity direction (ß) [deg] :  74.53 78.40
Yaw velocity [Deg/s] :  0.67 -14.60
Center of gravity x [ft] :  14.92 15.80
Center of gravity y [ft] :  -2.22 -12.83
Center of gravity z [ft] :  1.83 1.83
Velocity vertical [mph] :  -0.01 -0.00
Roll angle [deg] :  -3.55 1.10
Pitch angle [deg] :  2.67 -0.68
Roll velocity [Deg/s] :  -22.79 1.16
Pitch velocity [Deg/s] :  -2.82 3.23

11.COLLISION                            

Vehicle :  1  CHEVROLET 2  FORD-EXPE
Driver :   

t [s]: 0.59 0.59
Pre  Impact vel. [mph]: 6.37 6.75
Post Impact vel. [mph]: 6.42 6.74
Velocity change (dV) [mph] :  0.25 0.11
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Deformation depth [ft] :  1.11 1.48
EES [mph] :  0.28 0.21
Def. Energy [kJ]: 0.01 0.01
Stiffness [lb/in]: 0.9 0.7
Coefficient of restitution (e) :  0.00
Separation speed [mph]: 1.3
Friction coefficient (mu) :  0.00
Point of Impact x [ft] :  14.79
Point of Impact y [ft] :  -4.50
Point of Impact z [ft] :  1.48
Angle of contact plane (phi) [deg] :  -94.96
Angle of contact plane (psi) [deg] :  0.00
Total Deformation Energy [ft-lb] :  16.26
Impulse [lb-s] :  30.88
Direction of impulse [deg] :  -4.96
Vertical direction of impulse [deg] :  0.00
Moment arm about C.G. [ft] :  2.71 7.76
PDOF (SAE) [deg] :  -148.66 90.00
dV/EES :  0.70 0.70

VALUES BEFORE COLLISION              

Velocity magnitude (v) [mph] :  6.37 6.75
Heading angle [deg] :  26.38 85.04
Velocity direction (ß) [deg] :  74.50 78.57
Yaw velocity [Deg/s] :  0.62 -12.92
Center of gravity x [ft] :  15.04 15.89
Center of gravity y [ft] :  -1.80 -12.38
Center of gravity z [ft] :  1.83 1.83
Velocity vertical [mph] :  -0.02 -0.00
Roll angle [deg] :  -4.53 1.11
Pitch angle [deg] :  2.50 -0.45
Roll velocity [Deg/s] :  -20.82 -0.45
Pitch velocity [Deg/s] :  -4.37 5.77

VALUES AFTER COLLISION               

Velocity magnitude (v) [mph] :  6.42 6.74
Heading angle [deg] :  26.38 85.04
Velocity direction (ß) [deg] :  72.34 79.48
Yaw velocity [Deg/s] :  3.98 -10.19
Center of gravity x [ft] :  15.04 15.89
Center of gravity y [ft] :  -1.80 -12.38
Center of gravity z [ft] :  1.83 1.83
Velocity vertical [mph] :  -0.02 -0.00
Roll angle [deg] :  -4.53 1.11
Pitch angle [deg] :  2.50 -0.45
Roll velocity [Deg/s] :  -21.08 -0.10
Pitch velocity [Deg/s] :  -5.01 5.82

12.COLLISION                            

Vehicle :  1  CHEVROLET 2  FORD-EXPE
Driver :   

t [s]: 0.64 0.64
Pre  Impact vel. [mph]: 5.69 6.31
Post Impact vel. [mph]: 6.05 6.14
Velocity change (dV) [mph] :  0.50 0.22

Deformation depth [ft] :  0.61 0.84
EES [mph] :  0.42 0.32
Def. Energy [kJ]: 0.02 0.02
Stiffness [lb/in]: 7.2 5.3
Coefficient of restitution (e) :  0.00
Separation speed [mph]: 1.2
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Friction coefficient (mu) :  0.00
Point of Impact x [ft] :  14.94
Point of Impact y [ft] :  -4.11
Point of Impact z [ft] :  1.48
Angle of contact plane (phi) [deg] :  27.16
Angle of contact plane (psi) [deg] :  0.00
Total Deformation Energy [ft-lb] :  38.42
Impulse [lb-s] :  62.12
Direction of impulse [deg] :  117.16
Vertical direction of impulse [deg] :  0.00
Moment arm about C.G. [ft] :  1.42 2.66
PDOF (SAE) [deg] :  89.44 -32.55
dV/EES :  0.92 0.92

VALUES BEFORE COLLISION              

Velocity magnitude (v) [mph] :  5.69 6.31
Heading angle [deg] :  26.60 84.61
Velocity direction (ß) [deg] :  72.03 79.79
Yaw velocity [Deg/s] :  4.95 -9.07
Center of gravity x [ft] :  15.16 15.97
Center of gravity y [ft] :  -1.42 -11.96
Center of gravity z [ft] :  1.83 1.83
Velocity vertical [mph] :  -0.02 -0.00
Roll angle [deg] :  -5.38 1.08
Pitch angle [deg] :  2.28 -0.15
Roll velocity [Deg/s] :  -17.51 -1.22
Pitch velocity [Deg/s] :  -5.70 7.00

VALUES AFTER COLLISION               

Velocity magnitude (v) [mph] :  6.05 6.14
Heading angle [deg] :  26.60 84.61
Velocity direction (ß) [deg] :  75.37 78.57
Yaw velocity [Deg/s] :  1.34 -10.96
Center of gravity x [ft] :  15.16 15.97
Center of gravity y [ft] :  -1.42 -11.96
Center of gravity z [ft] :  1.83 1.83
Velocity vertical [mph] :  -0.02 -0.00
Roll angle [deg] :  -5.38 1.08
Pitch angle [deg] :  2.28 -0.15
Roll velocity [Deg/s] :  -15.07 -1.66
Pitch velocity [Deg/s] :  -5.35 7.17

13.COLLISION                            

Vehicle :  1  CHEVROLET 2  FORD-EXPE
Driver :   

t [s]: 0.68 0.68
Pre  Impact vel. [mph]: 5.31 5.67
Post Impact vel. [mph]: 5.55 5.57
Velocity change (dV) [mph] :  0.28 0.12

Deformation depth [ft] :  0.63 0.84
EES [mph] :  0.22 0.17
Def. Energy [kJ]: 0.00 0.01
Stiffness [lb/in]: 1.9 1.4
Coefficient of restitution (e) :  0.00
Separation speed [mph]: 1.1
Friction coefficient (mu) :  0.00
Point of Impact x [ft] :  15.07
Point of Impact y [ft] :  -3.75
Point of Impact z [ft] :  1.48
Angle of contact plane (phi) [deg] :  -165.19
Angle of contact plane (psi) [deg] :  0.00
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Total Deformation Energy [ft-lb] :  10.72
Impulse [lb-s] :  34.67
Direction of impulse [deg] :  104.81
Vertical direction of impulse [deg] :  0.00
Moment arm about C.G. [ft] :  0.87 1.05
PDOF (SAE) [deg] :  101.90 -20.65
dV/EES :  0.97 0.97

VALUES BEFORE COLLISION              

Velocity magnitude (v) [mph] :  5.31 5.67
Heading angle [deg] :  26.71 84.16
Velocity direction (ß) [deg] :  75.08 78.97
Yaw velocity [Deg/s] :  2.43 -9.33
Center of gravity x [ft] :  15.25 16.05
Center of gravity y [ft] :  -1.06 -11.57
Center of gravity z [ft] :  1.83 1.83
Velocity vertical [mph] :  -0.02 -0.00
Roll angle [deg] :  -5.98 1.00
Pitch angle [deg] :  2.04 0.19
Roll velocity [Deg/s] :  -11.94 -2.02
Pitch velocity [Deg/s] :  -5.63 7.17

VALUES AFTER COLLISION               

Velocity magnitude (v) [mph] :  5.55 5.57
Heading angle [deg] :  26.71 84.16
Velocity direction (ß) [deg] :  76.50 78.43
Yaw velocity [Deg/s] :  1.18 -9.75
Center of gravity x [ft] :  15.25 16.05
Center of gravity y [ft] :  -1.06 -11.57
Center of gravity z [ft] :  1.83 1.83
Velocity vertical [mph] :  -0.02 -0.00
Roll angle [deg] :  -5.98 1.00
Pitch angle [deg] :  2.04 0.19
Roll velocity [Deg/s] :  -10.49 -2.19
Pitch velocity [Deg/s] :  -5.60 7.29

14.COLLISION                            

Vehicle :  1  CHEVROLET 2  FORD-EXPE
Driver :   

t [s]: 0.79 0.79
Pre  Impact vel. [mph]: 3.74 3.91
Post Impact vel. [mph]: 3.82 3.87
Velocity change (dV) [mph] :  0.11 0.05

Deformation depth [ft] :  0.63 0.86
EES [mph] :  0.09 0.07
Def. Energy [kJ]: 0.00 0.00
Stiffness [lb/in]: 0.3 0.2
Coefficient of restitution (e) :  0.00
Separation speed [mph]: 0.7
Friction coefficient (mu) :  0.00
Point of Impact x [ft] :  15.29
Point of Impact y [ft] :  -3.03
Point of Impact z [ft] :  1.48
Angle of contact plane (phi) [deg] :  27.65
Angle of contact plane (psi) [deg] :  0.00
Total Deformation Energy [ft-lb] :  1.80
Impulse [lb-s] :  13.40
Direction of impulse [deg] :  117.65
Vertical direction of impulse [deg] :  0.00
Moment arm about C.G. [ft] :  1.37 2.82
PDOF (SAE) [deg] :  89.44 -34.33
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dV/EES :  0.92 0.92

VALUES BEFORE COLLISION              

Velocity magnitude (v) [mph] :  3.74 3.91
Heading angle [deg] :  27.09 83.32
Velocity direction (ß) [deg] :  75.16 79.46
Yaw velocity [Deg/s] :  4.63 -6.16
Center of gravity x [ft] :  15.43 16.19
Center of gravity y [ft] :  -0.34 -10.82
Center of gravity z [ft] :  1.82 1.83
Velocity vertical [mph] :  0.01 -0.01
Roll angle [deg] :  -6.75 0.77
Pitch angle [deg] :  1.50 0.96
Roll velocity [Deg/s] :  -4.14 -1.74
Pitch velocity [Deg/s] :  -4.54 6.30

VALUES AFTER COLLISION               

Velocity magnitude (v) [mph] :  3.82 3.87
Heading angle [deg] :  27.09 83.32
Velocity direction (ß) [deg] :  76.24 79.03
Yaw velocity [Deg/s] :  3.88 -6.60
Center of gravity x [ft] :  15.43 16.19
Center of gravity y [ft] :  -0.34 -10.82
Center of gravity z [ft] :  1.82 1.83
Velocity vertical [mph] :  0.01 -0.01
Roll angle [deg] :  -6.75 0.77
Pitch angle [deg] :  1.50 0.96
Roll velocity [Deg/s] :  -3.58 -1.87
Pitch velocity [Deg/s] :  -4.45 6.34

15.COLLISION                            

Vehicle :  1  CHEVROLET 2  FORD-EXPE
Driver :   

t [s]: 0.89 0.89
Pre  Impact vel. [mph]: 2.20 2.24
Post Impact vel. [mph]: 2.29 2.20
Velocity change (dV) [mph] :  0.12 0.05

Deformation depth [ft] :  0.63 0.87
EES [mph] :  0.11 0.08
Def. Energy [kJ]: 0.00 0.00
Stiffness [lb/in]: 0.4 0.3
Coefficient of restitution (e) :  0.00
Separation speed [mph]: 0.3
Friction coefficient (mu) :  0.00
Point of Impact x [ft] :  15.41
Point of Impact y [ft] :  -2.62
Point of Impact z [ft] :  1.48
Angle of contact plane (phi) [deg] :  28.22
Angle of contact plane (psi) [deg] :  0.00
Total Deformation Energy [ft-lb] :  2.44
Impulse [lb-s] :  15.55
Direction of impulse [deg] :  118.22
Vertical direction of impulse [deg] :  0.00
Moment arm about C.G. [ft] :  1.40 2.91
PDOF (SAE) [deg] :  89.45 -35.38
dV/EES :  0.91 0.91

VALUES BEFORE COLLISION              

Velocity magnitude (v) [mph] :  2.20 2.24
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Heading angle [deg] :  27.67 82.84
Velocity direction (ß) [deg] :  72.86 80.60
Yaw velocity [Deg/s] :  6.62 -3.35
Center of gravity x [ft] :  15.55 16.27
Center of gravity y [ft] :  0.08 -10.39
Center of gravity z [ft] :  1.83 1.83
Velocity vertical [mph] :  0.01 -0.01
Roll angle [deg] :  -6.89 0.61
Pitch angle [deg] :  1.22 1.44
Roll velocity [Deg/s] :  -0.14 -1.31
Pitch velocity [Deg/s] :  -2.52 3.25

VALUES AFTER COLLISION               

Velocity magnitude (v) [mph] :  2.29 2.20
Heading angle [deg] :  27.67 82.84
Velocity direction (ß) [deg] :  75.07 79.74
Yaw velocity [Deg/s] :  5.74 -3.87
Center of gravity x [ft] :  15.55 16.27
Center of gravity y [ft] :  0.08 -10.39
Center of gravity z [ft] :  1.83 1.83
Velocity vertical [mph] :  0.01 -0.01
Roll angle [deg] :  -6.89 0.61
Pitch angle [deg] :  1.22 1.44
Roll velocity [Deg/s] :  0.53 -1.47
Pitch velocity [Deg/s] :  -2.41 3.29

16.COLLISION                            

Vehicle :  1  CHEVROLET 2  FORD-EXPE
Driver :   

t [s]: 0.98 0.98
Pre  Impact vel. [mph]: 0.86 0.72
Post Impact vel. [mph]: 0.82 0.72
Velocity change (dV) [mph] :  0.14 0.06

Deformation depth [ft] :  1.08 1.42
EES [mph] :  0.15 0.11
Def. Energy [kJ]: 0.00 0.00
Stiffness [lb/in]: 0.3 0.2
Coefficient of restitution (e) :  0.00
Separation speed [mph]: 0.1
Friction coefficient (mu) :  0.00
Point of Impact x [ft] :  15.45
Point of Impact y [ft] :  -2.45
Point of Impact z [ft] :  1.48
Angle of contact plane (phi) [deg] :  -97.37
Angle of contact plane (psi) [deg] :  0.00
Total Deformation Energy [ft-lb] :  4.87
Impulse [lb-s] :  16.96
Direction of impulse [deg] :  172.63
Vertical direction of impulse [deg] :  0.00
Moment arm about C.G. [ft] :  2.72 7.57
PDOF (SAE) [deg] :  35.62 -90.00
dV/EES :  0.70 0.70

VALUES BEFORE COLLISION              

Velocity magnitude (v) [mph] :  0.86 0.72
Heading angle [deg] :  28.25 82.63
Velocity direction (ß) [deg] :  63.53 83.77
Yaw velocity [Deg/s] :  6.50 -1.18
Center of gravity x [ft] :  15.61 16.30
Center of gravity y [ft] :  0.27 -10.20
Center of gravity z [ft] :  1.83 1.83
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Velocity vertical [mph] :  0.00 -0.00
Roll angle [deg] :  -6.79 0.49
Pitch angle [deg] :  1.15 1.61
Roll velocity [Deg/s] :  1.38 -1.16
Pitch velocity [Deg/s] :  -0.80 0.67

VALUES AFTER COLLISION               

Velocity magnitude (v) [mph] :  0.82 0.72
Heading angle [deg] :  28.25 82.63
Velocity direction (ß) [deg] :  72.48 79.12
Yaw velocity [Deg/s] :  4.66 -2.65
Center of gravity x [ft] :  15.61 16.30
Center of gravity y [ft] :  0.27 -10.20
Center of gravity z [ft] :  1.83 1.83
Velocity vertical [mph] :  0.00 -0.00
Roll angle [deg] :  -6.79 0.49
Pitch angle [deg] :  1.15 1.61
Roll velocity [Deg/s] :  1.72 -1.52
Pitch velocity [Deg/s] :  -0.38 0.66

SEQUENCES
 
 
1  CHEVROLET : 

REACTION
Reaction time [sec] : 1.00

BRAKE LAG
Threshold time [sec] : 0.20

BRAKE
maximum stopping distance [ft] : 32.81
Brake force [%] 
  Axle 1, left : 0.00
  Axle 1, right : 0.00
  Axle 2, left : 0.00
  Axle 2, right : 0.00
mean brake acceleration [g] : 0.00

START VALUES                         
Velocity [mph] : 14.00
Friction coefficient : 0.75

BRAKE
maximum stopping distance [ft] : 300.00
Brake force [%] 
  Axle 1, left : 215.77
  Axle 1, right : 215.77
  Axle 2, left : 40.90
  Axle 2, right : 40.90
mean brake acceleration [g] : -0.75

 
 
2  FORD-EXPE : 

REACTION
Reaction time [sec] : 1.00

BRAKE LAG
Threshold time [sec] : 0.20

BRAKE
maximum stopping distance [ft] : 32.81
Brake force [%] 
  Axle 1, left : 0.00
  Axle 1, right : 0.00
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  Axle 2, left : 0.00
  Axle 2, right : 0.00
mean brake acceleration [g] : 0.00

START VALUES                         
Velocity [mph] : 8.00
Friction coefficient : 0.75

ACCELERATE
Maximum acceleration time [s] : 0.50
Accelerative force [%] 
  Axle 1, left : 0.00
  Axle 1, right : 35.00
  Axle 2, left : 67.00
  Axle 2, right : 67.00
Average acceleration [g] : 0.42

BRAKE LAG
Threshold time [sec] : 0.20

BRAKE
maximum stopping distance [ft] : 300.00
Brake force [%] 
  Axle 1, left : 222.73
  Axle 1, right : 222.73
  Axle 2, left : 81.92
  Axle 2, right : 81.92
mean brake acceleration [g] : -0.75

INPUT VALUES                         

Vehicle :  CHEVROLET-CAVALIER 4DR SEDAN BASE/LS FORD-EXPEDITION MAX 4WD 
SUV EDDIE BAUER/LIMI
Database:   DB_USDBASE   DB_USDBASE
RecordID:           30           15
Length [in] :  180.31 221.26
Width [in] :  67.32 78.74
Height [in] :  54.72 77.56
Number of axles :  2 2
Wheelbase [in] :  103.94 131.10
Front overhang [in] :  38.98 39.37
Front track width [in] :  57.48 66.93
Rear track width [in] :  57.09 67.32
Mass (empty) [lb] :  2601.47 6155.34

(2746.47) (6330.34)
Mass of front occupants [lb] :  145.00 175.00
Mass of rear occupants [lb] :  0.00 0.00
Mass of cargo in trunk [lb] :  0.00 0.00
Mass of roof cargo [lb] :  0.00 0.00
Distance C.G. - front axle [in] :  37.42 65.55

(37.36) (65.01)
C.G. height above ground [in] :  22.00 22.00

(22.00) (22.00)
Roll moment of inertia [lbfts^2] :  400.48 1466.66

(421.63) (1507.20)
Pitch moment of inertia [lbfts^2] :  1334.94 4888.86

(1405.42) (5024.01)
Yaw moment of inertia [lbfts^2] :  1334.94 4888.86

(1405.42) (5024.01)
Stiffness, axle 1, left [lb/in] :  141.01 260.66
Stiffness, axle 1, right [lb/in] :  141.01 260.66
Stiffness, axle 2, left [lb/in] :  79.32 260.66
Stiffness, axle 2, right [lb/in] :  79.32 260.66
Damping, axle 1, left [lb-s/ft] :  190.37 351.90
Damping, axle 1, right [lb-s/ft] :  190.37 351.90
Damping, axle 2, left [lb-s/ft] :  107.08 351.90
Damping, axle 2, right [lb-s/ft] :  107.08 351.90
Max. slip angle,axle 1, left [deg]:  10.00 10.00
Max. slip angle,axle 1, right [deg]:  10.00 10.00
Max. slip angle,axle 2, left [deg]:  10.00 10.00
Max. slip angle,axle 2, right [deg]:  10.00 10.00
ABS :  No No
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3/26/2015
0.25 second post collision acceleration

Vehicle :  CHEVROLET-CAVALIER 4DR SEDAN BASE/LS FORD-EXPEDITION MAX 4WD 
SUV EDDIE BAUER/LIMI
Database:   DB_USDBASE   DB_USDBASE
RecordID:           30           15

START VALUES                         

Velocity magnitude (v) [mph] :  14.00 8.00
Heading angle [deg] :  0.00 90.00
Velocity direction (ß) [deg] :  0.00 90.00
Yaw velocity [Deg/s] :  0.00 0.00
Center of gravity x [ft] :  8.64 15.27
Center of gravity y [ft] :  -6.90 -18.49
Center of gravity z [ft] :  1.83 1.83
Velocity vertical [mph] :  -0.00 0.00
Roll angle [deg] :  0.00 0.00
Pitch angle [deg] :  0.00 0.00
Roll velocity [Deg/s] :  0.00 0.00
Pitch velocity [Deg/s] :  0.00 0.00

END VALUES                           

Velocity magnitude (v) [mph] :  0.20 0.20
Heading angle [deg] :  33.77 85.86
Velocity direction (ß) [deg] :  -83.03 54.19
Yaw velocity [Deg/s] :  -0.01 -0.66
Center of gravity x [ft] :  16.62 15.71
Center of gravity y [ft] :  -0.65 -14.02
Center of gravity z [ft] :  1.83 1.83
Velocity vertical [mph] :  0.00 -0.01
Roll angle [deg] :  0.63 1.14
Pitch angle [deg] :  -0.12 1.31
Roll velocity [Deg/s] :  7.83 4.37
Pitch velocity [Deg/s] :  -3.96 2.09

1.COLLISION                            

Vehicle :  1  CHEVROLET 2  FORD-EXPE
Driver :   

t [s]: 0.06 0.06
Pre  Impact vel. [mph]: 13.15 8.42
Post Impact vel. [mph]: 13.12 6.54
Velocity change (dV) [mph] :  4.42 1.92

Deformation depth [ft] :  0.27 0.30
EES [mph] :  4.72 3.26
Def. Energy [kJ]: 2.05 2.25
Stiffness [lb/in]: 4721.2 4303.4
Coefficient of restitution (e) :  0.00
Separation speed [mph]: 14.5
Friction coefficient (mu) :  0.00
Point of Impact x [ft] :  14.33
Point of Impact y [ft] :  -9.30
Point of Impact z [ft] :  1.48
Angle of contact plane (phi) [deg] :  -169.93
Angle of contact plane (psi) [deg] :  0.00
Total Deformation Energy [ft-lb] :  4296.55
Impulse [lb-s] :  553.10
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Direction of impulse [deg] :  100.07
Vertical direction of impulse [deg] :  0.00
Moment arm about C.G. [ft] :  3.91 0.55
PDOF (SAE) [deg] :  79.93 -10.07
dV/EES :  0.77 0.77

VALUES BEFORE COLLISION              

Velocity magnitude (v) [mph] :  13.15 8.42
Heading angle [deg] :  0.00 90.00
Velocity direction (ß) [deg] :  0.00 90.00
Yaw velocity [Deg/s] :  0.00 0.00
Center of gravity x [ft] :  9.93 15.27
Center of gravity y [ft] :  -6.90 -17.71
Center of gravity z [ft] :  1.83 1.83
Velocity vertical [mph] :  -0.00 0.00
Roll angle [deg] :  0.00 0.00
Pitch angle [deg] :  0.22 -0.07
Roll velocity [Deg/s] :  0.00 0.00
Pitch velocity [Deg/s] :  6.30 -1.96

VALUES AFTER COLLISION               

Velocity magnitude (v) [mph] :  13.12 6.54
Heading angle [deg] :  0.00 90.00
Velocity direction (ß) [deg] :  19.36 87.06
Yaw velocity [Deg/s] :  88.19 -3.45
Center of gravity x [ft] :  9.93 15.27
Center of gravity y [ft] :  -6.90 -17.71
Center of gravity z [ft] :  1.83 1.83
Velocity vertical [mph] :  -0.00 0.00
Roll angle [deg] :  0.00 0.00
Pitch angle [deg] :  0.22 -0.07
Roll velocity [Deg/s] :  27.26 -1.29
Pitch velocity [Deg/s] :  7.69 0.24

2.COLLISION                            

Vehicle :  1  CHEVROLET 2  FORD-EXPE
Driver :   

t [s]: 0.13 0.13
Pre  Impact vel. [mph]: 12.21 7.01
Post Impact vel. [mph]: 12.41 6.65
Velocity change (dV) [mph] :  0.84 0.36

Deformation depth [ft] :  0.22 0.29
EES [mph] :  0.79 0.59
Def. Energy [kJ]: 0.06 0.07
Stiffness [lb/in]: 188.3 144.0
Coefficient of restitution (e) :  0.00
Separation speed [mph]: 13.5
Friction coefficient (mu) :  0.00
Point of Impact x [ft] :  14.49
Point of Impact y [ft] :  -8.64
Point of Impact z [ft] :  1.48
Angle of contact plane (phi) [deg] :  8.13
Angle of contact plane (psi) [deg] :  0.00
Total Deformation Energy [ft-lb] :  130.78
Impulse [lb-s] :  104.51
Direction of impulse [deg] :  98.13
Vertical direction of impulse [deg] :  0.00
Moment arm about C.G. [ft] :  3.08 0.40
PDOF (SAE) [deg] :  87.18 -8.24
dV/EES :  0.84 0.84
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VALUES BEFORE COLLISION              

Velocity magnitude (v) [mph] :  12.21 7.01
Heading angle [deg] :  5.31 89.89
Velocity direction (ß) [deg] :  19.42 88.91
Yaw velocity [Deg/s] :  75.88 -0.70
Center of gravity x [ft] :  11.07 15.29
Center of gravity y [ft] :  -6.50 -17.06
Center of gravity z [ft] :  1.83 1.83
Velocity vertical [mph] :  -0.00 0.00
Roll angle [deg] :  1.14 0.09
Pitch angle [deg] :  0.75 -0.13
Roll velocity [Deg/s] :  8.46 2.15
Pitch velocity [Deg/s] :  10.04 -1.74

VALUES AFTER COLLISION               

Velocity magnitude (v) [mph] :  12.41 6.65
Heading angle [deg] :  5.31 89.89
Velocity direction (ß) [deg] :  23.20 88.41
Yaw velocity [Deg/s] :  88.97 -1.17
Center of gravity x [ft] :  11.07 15.29
Center of gravity y [ft] :  -6.50 -17.06
Center of gravity z [ft] :  1.83 1.83
Velocity vertical [mph] :  -0.00 0.00
Roll angle [deg] :  1.14 0.09
Pitch angle [deg] :  0.75 -0.13
Roll velocity [Deg/s] :  14.05 1.95
Pitch velocity [Deg/s] :  10.37 -1.32

3.COLLISION                            

Vehicle :  1  CHEVROLET 2  FORD-EXPE
Driver :   

t [s]: 0.18 0.18
Pre  Impact vel. [mph]: 11.76 6.98
Post Impact vel. [mph]: 12.12 6.42
Velocity change (dV) [mph] :  1.30 0.56

Deformation depth [ft] :  0.24 0.34
EES [mph] :  1.09 0.86
Def. Energy [kJ]: 0.11 0.16
Stiffness [lb/in]: 317.0 221.4
Coefficient of restitution (e) :  0.00
Separation speed [mph]: 12.7
Friction coefficient (mu) :  0.00
Point of Impact x [ft] :  14.26
Point of Impact y [ft] :  -8.26
Point of Impact z [ft] :  1.48
Angle of contact plane (phi) [deg] :  10.16
Angle of contact plane (psi) [deg] :  0.00
Total Deformation Energy [ft-lb] :  266.55
Impulse [lb-s] :  162.43
Direction of impulse [deg] :  100.16
Vertical direction of impulse [deg] :  0.00
Moment arm about C.G. [ft] :  2.05 0.45
PDOF (SAE) [deg] :  88.94 -10.30
dV/EES :  0.91 0.91

VALUES BEFORE COLLISION              

Velocity magnitude (v) [mph] :  11.76 6.98
Heading angle [deg] :  9.10 89.86
Velocity direction (ß) [deg] :  23.16 88.97
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Yaw velocity [Deg/s] :  80.33 -0.37
Center of gravity x [ft] :  11.80 15.30
Center of gravity y [ft] :  -6.18 -16.61
Center of gravity z [ft] :  1.83 1.83
Velocity vertical [mph] :  -0.01 0.00
Roll angle [deg] :  1.52 0.18
Pitch angle [deg] :  1.14 -0.21
Roll velocity [Deg/s] :  1.73 2.12
Pitch velocity [Deg/s] :  10.57 -2.12

VALUES AFTER COLLISION               

Velocity magnitude (v) [mph] :  12.12 6.42
Heading angle [deg] :  9.10 89.86
Velocity direction (ß) [deg] :  29.15 88.00
Yaw velocity [Deg/s] :  93.85 -1.20
Center of gravity x [ft] :  11.80 15.30
Center of gravity y [ft] :  -6.18 -16.61
Center of gravity z [ft] :  1.83 1.83
Velocity vertical [mph] :  -0.01 0.00
Roll angle [deg] :  1.52 0.18
Pitch angle [deg] :  1.14 -0.21
Roll velocity [Deg/s] :  10.42 1.74
Pitch velocity [Deg/s] :  10.97 -1.48

4.COLLISION                            

Vehicle :  1  CHEVROLET 2  FORD-EXPE
Driver :   

t [s]: 0.22 0.22
Pre  Impact vel. [mph]: 11.46 6.75
Post Impact vel. [mph]: 12.00 6.06
Velocity change (dV) [mph] :  1.65 0.72

Deformation depth [ft] :  0.28 0.40
EES [mph] :  1.31 1.03
Def. Energy [kJ]: 0.16 0.23
Stiffness [lb/in]: 334.5 231.1
Coefficient of restitution (e) :  0.00
Separation speed [mph]: 11.8
Friction coefficient (mu) :  0.00
Point of Impact x [ft] :  14.03
Point of Impact y [ft] :  -7.91
Point of Impact z [ft] :  1.48
Angle of contact plane (phi) [deg] :  -166.14
Angle of contact plane (psi) [deg] :  0.00
Total Deformation Energy [ft-lb] :  382.87
Impulse [lb-s] :  206.36
Direction of impulse [deg] :  103.86
Vertical direction of impulse [deg] :  0.00
Moment arm about C.G. [ft] :  1.00 0.74
PDOF (SAE) [deg] :  89.25 -14.03
dV/EES :  0.97 0.97

VALUES BEFORE COLLISION              

Velocity magnitude (v) [mph] :  11.46 6.75
Heading angle [deg] :  13.11 89.83
Velocity direction (ß) [deg] :  29.02 88.80
Yaw velocity [Deg/s] :  85.03 -0.37
Center of gravity x [ft] :  12.48 15.31
Center of gravity y [ft] :  -5.81 -16.17
Center of gravity z [ft] :  1.83 1.83
Velocity vertical [mph] :  -0.01 0.00
Roll angle [deg] :  1.75 0.28
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Pitch angle [deg] :  1.50 -0.29
Roll velocity [Deg/s] :  -2.54 2.15
Pitch velocity [Deg/s] :  10.17 -2.00

VALUES AFTER COLLISION               

Velocity magnitude (v) [mph] :  12.00 6.06
Heading angle [deg] :  13.11 89.83
Velocity direction (ß) [deg] :  36.64 87.05
Yaw velocity [Deg/s] :  93.39 -2.11
Center of gravity x [ft] :  12.48 15.31
Center of gravity y [ft] :  -5.81 -16.17
Center of gravity z [ft] :  1.83 1.83
Velocity vertical [mph] :  -0.01 0.00
Roll angle [deg] :  1.75 0.28
Pitch angle [deg] :  1.50 -0.29
Roll velocity [Deg/s] :  8.08 1.51
Pitch velocity [Deg/s] :  10.46 -1.20

5.COLLISION                            

Vehicle :  1  CHEVROLET 2  FORD-EXPE
Driver :   

t [s]: 0.27 0.27
Pre  Impact vel. [mph]: 11.34 6.23
Post Impact vel. [mph]: 11.90 5.63
Velocity change (dV) [mph] :  1.48 0.64

Deformation depth [ft] :  0.32 0.46
EES [mph] :  1.16 0.91
Def. Energy [kJ]: 0.12 0.18
Stiffness [lb/in]: 195.2 136.1
Coefficient of restitution (e) :  0.00
Separation speed [mph]: 10.7
Friction coefficient (mu) :  0.00
Point of Impact x [ft] :  13.86
Point of Impact y [ft] :  -7.59
Point of Impact z [ft] :  1.48
Angle of contact plane (phi) [deg] :  17.66
Angle of contact plane (psi) [deg] :  0.00
Total Deformation Energy [ft-lb] :  298.50
Impulse [lb-s] :  185.44
Direction of impulse [deg] :  107.66
Vertical direction of impulse [deg] :  0.00
Moment arm about C.G. [ft] :  0.05 1.08
PDOF (SAE) [deg] :  89.44 -17.89
dV/EES :  0.98 0.98

VALUES BEFORE COLLISION              

Velocity magnitude (v) [mph] :  11.34 6.23
Heading angle [deg] :  17.10 89.77
Velocity direction (ß) [deg] :  36.48 88.24
Yaw velocity [Deg/s] :  84.44 -0.98
Center of gravity x [ft] :  13.10 15.32
Center of gravity y [ft] :  -5.35 -15.76
Center of gravity z [ft] :  1.83 1.83
Velocity vertical [mph] :  -0.01 0.00
Roll angle [deg] :  1.87 0.39
Pitch angle [deg] :  1.80 -0.34
Roll velocity [Deg/s] :  -5.65 2.35
Pitch velocity [Deg/s] :  8.96 -0.68
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VALUES AFTER COLLISION               

Velocity magnitude (v) [mph] :  11.90 5.63
Heading angle [deg] :  17.10 89.77
Velocity direction (ß) [deg] :  43.25 86.07
Yaw velocity [Deg/s] :  84.71 -3.27
Center of gravity x [ft] :  13.10 15.32
Center of gravity y [ft] :  -5.35 -15.76
Center of gravity z [ft] :  1.83 1.83
Velocity vertical [mph] :  -0.01 0.00
Roll angle [deg] :  1.87 0.39
Pitch angle [deg] :  1.80 -0.34
Roll velocity [Deg/s] :  3.25 1.63
Pitch velocity [Deg/s] :  9.00 0.02

6.COLLISION                            

Vehicle :  1  CHEVROLET 2  FORD-EXPE
Driver :   

t [s]: 0.32 0.32
Pre  Impact vel. [mph]: 11.07 5.14
Post Impact vel. [mph]: 11.46 4.75
Velocity change (dV) [mph] :  1.00 0.43

Deformation depth [ft] :  0.37 0.51
EES [mph] :  0.81 0.63
Def. Energy [kJ]: 0.06 0.08
Stiffness [lb/in]: 73.8 52.8
Coefficient of restitution (e) :  0.00
Separation speed [mph]: 9.6
Friction coefficient (mu) :  0.00
Point of Impact x [ft] :  13.72
Point of Impact y [ft] :  -7.25
Point of Impact z [ft] :  1.48
Angle of contact plane (phi) [deg] :  22.04
Angle of contact plane (psi) [deg] :  0.00
Total Deformation Energy [ft-lb] :  142.78
Impulse [lb-s] :  125.10
Direction of impulse [deg] :  112.04
Vertical direction of impulse [deg] :  0.00
Moment arm about C.G. [ft] :  1.00 1.52
PDOF (SAE) [deg] :  89.45 -22.45
dV/EES :  0.96 0.96

VALUES BEFORE COLLISION              

Velocity magnitude (v) [mph] :  11.07 5.14
Heading angle [deg] :  21.49 89.59
Velocity direction (ß) [deg] :  42.98 86.51
Yaw velocity [Deg/s] :  75.27 -3.28
Center of gravity x [ft] :  13.77 15.35
Center of gravity y [ft] :  -4.72 -15.33
Center of gravity z [ft] :  1.83 1.83
Velocity vertical [mph] :  -0.01 0.00
Roll angle [deg] :  1.68 0.47
Pitch angle [deg] :  2.09 -0.23
Roll velocity [Deg/s] :  -12.69 1.07
Pitch velocity [Deg/s] :  6.89 3.41

VALUES AFTER COLLISION               

Velocity magnitude (v) [mph] :  11.46 4.75
Heading angle [deg] :  21.49 89.59
Velocity direction (ß) [deg] :  47.65 84.25
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Yaw velocity [Deg/s] :  70.15 -5.45
Center of gravity x [ft] :  13.77 15.35
Center of gravity y [ft] :  -4.72 -15.33
Center of gravity z [ft] :  1.83 1.83
Velocity vertical [mph] :  -0.01 0.00
Roll angle [deg] :  1.68 0.47
Pitch angle [deg] :  2.09 -0.23
Roll velocity [Deg/s] :  -7.33 0.46
Pitch velocity [Deg/s] :  6.76 3.86

7.COLLISION                            

Vehicle :  1  CHEVROLET 2  FORD-EXPE
Driver :   

t [s]: 0.38 0.38
Pre  Impact vel. [mph]: 10.59 4.21
Post Impact vel. [mph]: 10.83 3.98
Velocity change (dV) [mph] :  0.63 0.27

Deformation depth [ft] :  0.40 0.55
EES [mph] :  0.54 0.41
Def. Energy [kJ]: 0.03 0.04
Stiffness [lb/in]: 27.1 19.9
Coefficient of restitution (e) :  0.00
Separation speed [mph]: 8.7
Friction coefficient (mu) :  0.00
Point of Impact x [ft] :  13.66
Point of Impact y [ft] :  -6.97
Point of Impact z [ft] :  1.48
Angle of contact plane (phi) [deg] :  25.69
Angle of contact plane (psi) [deg] :  0.00
Total Deformation Energy [ft-lb] :  62.36
Impulse [lb-s] :  78.33
Direction of impulse [deg] :  115.69
Vertical direction of impulse [deg] :  0.00
Moment arm about C.G. [ft] :  1.90 1.92
PDOF (SAE) [deg] :  89.45 -26.37
dV/EES :  0.91 0.91

VALUES BEFORE COLLISION              

Velocity magnitude (v) [mph] :  10.59 4.21
Heading angle [deg] :  25.14 89.32
Velocity direction (ß) [deg] :  47.31 84.83
Yaw velocity [Deg/s] :  63.07 -4.51
Center of gravity x [ft] :  14.37 15.39
Center of gravity y [ft] :  -4.06 -14.97
Center of gravity z [ft] :  1.83 1.83
Velocity vertical [mph] :  -0.00 -0.00
Roll angle [deg] :  1.02 0.50
Pitch angle [deg] :  2.31 0.04
Roll velocity [Deg/s] :  -19.18 0.53
Pitch velocity [Deg/s] :  4.72 5.37

VALUES AFTER COLLISION               

Velocity magnitude (v) [mph] :  10.83 3.98
Heading angle [deg] :  25.14 89.32
Velocity direction (ß) [deg] :  50.39 82.83
Yaw velocity [Deg/s] :  56.99 -6.23
Center of gravity x [ft] :  14.37 15.39
Center of gravity y [ft] :  -4.06 -14.97
Center of gravity z [ft] :  1.83 1.83
Velocity vertical [mph] :  -0.00 -0.00
Roll angle [deg] :  1.02 0.50
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Pitch angle [deg] :  2.31 0.04
Roll velocity [Deg/s] :  -16.26 0.06
Pitch velocity [Deg/s] :  4.62 5.64

8.COLLISION                            

Vehicle :  1  CHEVROLET 2  FORD-EXPE
Driver :   

t [s]: 0.42 0.42
Pre  Impact vel. [mph]: 10.11 3.52
Post Impact vel. [mph]: 8.80 3.77
Velocity change (dV) [mph] :  2.41 1.04

Deformation depth [ft] :  0.88 1.21
EES [mph] :  2.77 2.15
Def. Energy [kJ]: 0.70 0.97
Stiffness [lb/in]: 153.1 110.8
Coefficient of restitution (e) :  0.00
Separation speed [mph]: 3.7
Friction coefficient (mu) :  0.00
Point of Impact x [ft] :  13.65
Point of Impact y [ft] :  -6.78
Point of Impact z [ft] :  1.48
Angle of contact plane (phi) [deg] :  -90.93
Angle of contact plane (psi) [deg] :  0.00
Total Deformation Energy [ft-lb] :  1678.75
Impulse [lb-s] :  301.27
Direction of impulse [deg] :  179.07
Vertical direction of impulse [deg] :  0.00
Moment arm about C.G. [ft] :  3.26 7.92
PDOF (SAE) [deg] :  28.53 -90.00
dV/EES :  0.67 0.67

VALUES BEFORE COLLISION              

Velocity magnitude (v) [mph] :  10.11 3.52
Heading angle [deg] :  27.60 89.07
Velocity direction (ß) [deg] :  50.11 83.49
Yaw velocity [Deg/s] :  52.63 -4.88
Center of gravity x [ft] :  14.81 15.42
Center of gravity y [ft] :  -3.54 -14.73
Center of gravity z [ft] :  1.83 1.83
Velocity vertical [mph] :  -0.00 -0.00
Roll angle [deg] :  0.23 0.51
Pitch angle [deg] :  2.44 0.30
Roll velocity [Deg/s] :  -21.86 0.48
Pitch velocity [Deg/s] :  2.93 5.74

VALUES AFTER COLLISION               

Velocity magnitude (v) [mph] :  8.80 3.77
Heading angle [deg] :  27.60 89.07
Velocity direction (ß) [deg] :  62.40 67.47
Yaw velocity [Deg/s] :  12.65 -32.09
Center of gravity x [ft] :  14.81 15.42
Center of gravity y [ft] :  -3.54 -14.73
Center of gravity z [ft] :  1.83 1.83
Velocity vertical [mph] :  -0.00 -0.00
Roll angle [deg] :  0.23 0.51
Pitch angle [deg] :  2.44 0.30
Roll velocity [Deg/s] :  -20.71 -4.03
Pitch velocity [Deg/s] :  6.55 5.50
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SEQUENCES
 
 
1  CHEVROLET : 

REACTION
Reaction time [sec] : 1.00

BRAKE LAG
Threshold time [sec] : 0.20

BRAKE
maximum stopping distance [ft] : 32.81
Brake force [%] 
  Axle 1, left : 0.00
  Axle 1, right : 0.00
  Axle 2, left : 0.00
  Axle 2, right : 0.00
mean brake acceleration [g] : 0.00

START VALUES                         
Velocity [mph] : 14.00
Friction coefficient : 0.75

BRAKE
maximum stopping distance [ft] : 300.00
Brake force [%] 
  Axle 1, left : 215.77
  Axle 1, right : 215.77
  Axle 2, left : 40.90
  Axle 2, right : 40.90
mean brake acceleration [g] : -0.75

 
 
2  FORD-EXPE : 

REACTION
Reaction time [sec] : 1.00

BRAKE LAG
Threshold time [sec] : 0.20

BRAKE
maximum stopping distance [ft] : 32.81
Brake force [%] 
  Axle 1, left : 0.00
  Axle 1, right : 0.00
  Axle 2, left : 0.00
  Axle 2, right : 0.00
mean brake acceleration [g] : 0.00

START VALUES                         
Velocity [mph] : 8.00
Friction coefficient : 0.75

ACCELERATE
Maximum acceleration time [s] : 0.25
Accelerative force [%] 
  Axle 1, left : 0.00
  Axle 1, right : 0.00
  Axle 2, left : 67.00
  Axle 2, right : 67.00
Average acceleration [g] : 0.33

BRAKE LAG
Threshold time [sec] : 0.20

BRAKE
maximum stopping distance [ft] : 300.00
Brake force [%] 
  Axle 1, left : 222.73
  Axle 1, right : 222.73
  Axle 2, left : 81.92

Reconstruction Tools
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  Axle 2, right : 81.92
mean brake acceleration [g] : -0.75

INPUT VALUES                         

Vehicle :  CHEVROLET-CAVALIER 4DR SEDAN BASE/LS FORD-EXPEDITION MAX 4WD 
SUV EDDIE BAUER/LIMI
Database:   DB_USDBASE   DB_USDBASE
RecordID:           30           15
Length [in] :  180.31 221.26
Width [in] :  67.32 78.74
Height [in] :  54.72 77.56
Number of axles :  2 2
Wheelbase [in] :  103.94 131.10
Front overhang [in] :  38.98 39.37
Front track width [in] :  57.48 66.93
Rear track width [in] :  57.09 67.32
Mass (empty) [lb] :  2601.47 6155.34

(2746.47) (6330.34)
Mass of front occupants [lb] :  145.00 175.00
Mass of rear occupants [lb] :  0.00 0.00
Mass of cargo in trunk [lb] :  0.00 0.00
Mass of roof cargo [lb] :  0.00 0.00
Distance C.G. - front axle [in] :  37.42 65.55

(37.36) (65.01)
C.G. height above ground [in] :  22.00 22.00

(22.00) (22.00)
Roll moment of inertia [lbfts^2] :  400.48 1466.66

(421.63) (1507.20)
Pitch moment of inertia [lbfts^2] :  1334.94 4888.86

(1405.42) (5024.01)
Yaw moment of inertia [lbfts^2] :  1334.94 4888.86

(1405.42) (5024.01)
Stiffness, axle 1, left [lb/in] :  141.01 260.66
Stiffness, axle 1, right [lb/in] :  141.01 260.66
Stiffness, axle 2, left [lb/in] :  79.32 260.66
Stiffness, axle 2, right [lb/in] :  79.32 260.66
Damping, axle 1, left [lb-s/ft] :  190.37 351.90
Damping, axle 1, right [lb-s/ft] :  190.37 351.90
Damping, axle 2, left [lb-s/ft] :  107.08 351.90
Damping, axle 2, right [lb-s/ft] :  107.08 351.90
Max. slip angle,axle 1, left [deg]:  10.00 10.00
Max. slip angle,axle 1, right [deg]:  10.00 10.00
Max. slip angle,axle 2, left [deg]:  10.00 10.00
Max. slip angle,axle 2, right [deg]:  10.00 10.00
ABS :  No No

Characters: 19867
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Glover v. NLVPD 04.pro - 10/100329



Owner's  Manual 
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Lamp Controls 
I 
I 

The band on the turn signal/multifunction lever controls 
your vehicle’s lamps. 

0 Parking Lamps 
Side Marker Lamps 

0 Taillamps 
e Instrument Panel Lamps 

0: HEADLAMPS: This position will  turn on the 
following: 

Headlamps 
0 Parking Lamps 

Side  Marker  Lamps 
Taillamps 
Instrument Panel Lamps 

Turn the band clockwise all  the  way to turn the lamps 
off. 

Lamps On Reminder 
If you open the driver’s  door with the ignition off and 
the lamps on, you will hear a warning chime. 

2-37 
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ABSTRACT

Adrian’s visibility model is a useful tool for
assessing the visibility of an object at night. However, it
was developed under laboratory conditions. Thus, it is
necessary to determine the visibility levels which are
required for detection under nighttime driving conditions.
Experimental data from Olson et al were applied to the
Adrian visibility model to determine visibility levels at
target detection for alerted drivers. The data has been
modified to account for experimental delay in the
recorded detection points and a correction has been
applied to assess driver expectation. Driver age,
headlight beam pattern, and target reflectivity were all
found to have a significant effect on visibility level at
target detection. For alerted drivers, 50th-percentile
threshold visibility levels between 1 and 23 were
calculated. For unalerted drivers, 50th-percentile
threshold visibility levels between 13 and 210 were
calculated.

INTRODUCTION

Assessing a driver’s ability to see a pedestrian or
other object at night remains a challenging human
factors problem. In an attempt to address this problem,
Adrian [1] developed a visibility model that assesses
visibility based on the contrast between an object and its
background. The model incorporated factors for
variables such as target size, target reflectivity, observer
age and exposure time, and computed a visibility level
that was referenced to the contrast needed for most
subjects to detect an object under laboratory conditions.

A driver operating a motor vehicle on the road
requires a visibility level greater than that needed in the
laboratory. Adrian [1,2] proposed a visibility level
between 10 and 20 times the laboratory detection level
for safe traffic conditions; however, this proposal was
based on data from only young laboratory observers and
the visual acuity necessary to read roadway signs. Thus,
a rigorous determination of the visibility levels required by
a broader range of nighttime drivers and targets is still
needed.

The goal of this study was to use nighttime
visibility data previously acquired by Olson et al [4] to
determine threshold visibility levels computed by the
Adrian model [1] for perceiving an object on the road
ahead while driving at night. The comprehensive nature
of the existing nighttime visibility data also allowed the
model’s ability to account for observer age, vehicle
lighting, and target size, position, and reflectivity to be
assessed. The results of this study will thus identify
strengths and weaknesses in the Adrian model and
provide a scientific basis for selecting appropriate
threshold visibility levels for drivers under nighttime
conditions.

METHODS

The Adrian model [1] and the nighttime visibility
experiments conducted by Olson et al. [4] are described
in detail in their respective publications. Only information
relevant to the current study is described here. In the
Adrian visibility model, a threshold contrast for detection
is calculated from the luminance difference between an
object and its background. Visibility level is then defined
as the ratio of actual contrast to the threshold detection
contrast. A visibility level of one is defined as the
luminance difference detected with a 99.93% probability
by laboratory observers. The model used in this study
was based on the equations presented by Adrian [1] and
implemented in MS Excel (Microsoft, Redmond, WA).

In the nighttime visibility experiments, Olson et al
[4] tested two groups of subjects: 15 young subjects (30 -
40 yrs) and 10 old subjects (> 60 yrs). Subjects drove a
station wagon at 40 km/h (25 mph) along a private rural
road and identified when they detected various targets
stationed along the left and right side of the road. The
distance between the subject and the target at detection
was termed the response distance.

Although both “pedestrian” and “delineation”
targets were tested by Olson et al. [4], only the
pedestrian targets were used in the current study. The
targets consisted of a “large” 183 cm tall by 30 cm wide
(6 ft x 1 ft) rectangle, and a “small” 76 cm tall by 30 cm
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wide (2½ ft x 1 ft) rectangle. Targets with reflectivity
values of 6, 12, and 25 percent were tested, although
only data from targets with a 6 and 25 percent reflectivity
were used in the current study. Data from all three tested
vehicle headlight systems – low beams, high beams, and
a modified high beam – were used. The mean response
distances reported by Olson for each combination of
these conditions are summarized in Table 1.

DATA/MODEL INTEGRATION

Olson et al [4] reported sufficient data to
compute the contrast between the target and
background when illuminated by the headlights at
various vehicle-to-target distances. Each target was
placed 100, 150, 200, 300, and 400 feet (30, 46, 61, 91,
and 122 m) from the vehicle, and at each distance the
luminance of the targets was recorded at five different
heights for the large target and three different heights for
the small target. The corresponding background
luminance was also measured around each target at
each vehicle position. Background luminance was
measured above and below the targets, as well as at five
heights along both sides of the large target and three
heights along both sides of the small target. For the
current study, it was assumed that the target and
background luminance measurements were evenly
spaced along the height of the targets. Based on these
data, twelve contrast levels were computed around the
perimeter of each large target and eight contrast levels
were computed around the perimeter of each small
target for each vehicle-to-target distance.

Due to uneven illumination from the headlamps
and differences in the background, the contrast level
around the perimeter of each target varied widely. To
accommodate these variations, each target was divided
into sub-targets: the large target was divided into five
stacked sub-targets 37 cm high by 30 cm wide
(1.2 ft x 1 ft), and the small target was divided into three
sub-targets 25 cm high by 30 cm wide (0.8 ft x 1 ft). For
the model, the size of each sub-target was defined as
the diameter of a disc with an area equivalent to that of
the sub-target [5,6]. This diameter was 38 cm for the
large sub-targets and 31 cm for the small sub-targets.
Visibility levels were then calculated using the model for
the contrast levels associated with each sub-target.

The actual age of each subject who participated
in the nighttime visibility experiment was not available [7].
As a result, the young subjects were assumed to be
35 years old and the old subjects were assumed to be
65 years old. Both ages were within the Adrian model’s
applicable age range of less than 75 years.

A glare source was fixed to the hood of the test
vehicle for all tests. It was positioned relative to the driver
to approximate the center of an approaching vehicle
about 200 feet (61 m) away. To estimate the position of
the glare source, a number of assumptions were made.

The test vehicle was described only as a station wagon.
Based on this limited description, the dimensions of a
generic 1980 station wagon were used to determine an
estimated vehicle width (2.01 m), headlight height
(0.66 m), and lateral eye position (0.37 m left of the
vehicle centerline) [9]. Eye height was set to 1.11 m [8].
Using the reported lane width of 9 ft (2.74 m), the lateral
offset to the glare source was set to 2.37 m. The lateral
position of the targets relative to the driver was assumed
to be 3.75 m to the left and 1.74 m to the right.

The method used to measure response distance
introduced a systematic error into the measurements
reported in Table 1. When subjects detected a target,
they called out “target” and an experimenter riding in the
vehicle pressed a button to start a counter that recorded
the distance to the target. Based on studies of simple
reaction time tasks with visual stimuli and vocal
responses, a delay of 300 to 375 ms likely occurred
between detection and vocalization [13, 16, 17, 18].
Based on other simple reaction time experiments using
auditory stimuli and button-push responses, a second
delay of 190 to 260 ms likely occurred between subject
vocalization and the start of the counter [14, 15, 19].
Thus, a total delay of about 490 to 635 ms may have
been present between target detection and the counter
initiation. At a vehicle speed of 25 mph (11.18 m/s), this
delay was equal to a distance of 5.5 to 7.1 m. To account
for this systematic delay in the current analysis, 6.3 m
(the midpoint of the range) was added to the response
distances in Table 1 and these larger distances were
then termed detection distances.

Subjects in the nighttime visibility experiment
both knew they were being tested and were told on which
side of the road a target would appear. These subjects
were therefore assumed to represent alerted drivers.
Since many nighttime collisions involve unalerted drivers,
the response distances were also corrected for driver
alertness. Roper and Howard [10] showed that the
response distance of unalerted drivers was on average
51 ± 9 percent of the response distance of alerted
drivers. Thus, the response distances reported in Table 1
were multiplied by 0.51 after first being corrected for the
previously described time delay.

The effect of target exposure time is also
considered in the Adrian model. Adrian suggested that
an appropriate minimum observation time under practical
driving conditions was 0.2 seconds, and this value has
been used in all calculations.

ANALYSIS

For each vehicle-to-target distance (30, 46, 61,
91, and 122 m), target reflectivity (6, 25%), headlamp
system (low, high, mod), lateral target position (left,
right), and subject age group (young, old), the visibility
level predicted by the Adrian model was computed for
the eight and twelve sub-targets of the small and large
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targets respectively. This yielded 768 visibility levels for
conditions involving the small target and 1176 visibility
levels for conditions involving the large targets. Since the
Adrian model requires that the glare source and the
target be separated by between 1.5 and 30 degrees,
there were some visibility levels that could not be
calculated, particularly for left sided targets.

Based on the assumption that the experimental
subjects represented alerted observers, the highest
visibility level at each position was chosen to represent
their visual performance; that is, detection was assumed
to be triggered by the highest contrast area on the target.
For each combination of age, target size, target
reflectivity, headlight system and lateral target position,
the maximum visibility level at each of the vehicle-to-
target distances were connected using a cubic spline
(Figure 1). The second derivative of each spline was set
to zero at the end points. The appropriate alerted and
unalerted detection distances for each combination of
variables was then superimposed on the visibility level
data (dashed lines in Figure 1). The intersection point of
the alerted dashed line and the cubic spine was then
used to represent the visibility level at which the
experimental subjects detected the object, and the
intersection point of the unalerted dashed line was used

to represent the visibility level at which an unalerted
driver would detect the object.

In some cases, the unalerted response distance
was shorter than 30 m (100 feet). Because of the rapidly
changing visibility levels at these short distances, the
cubic spline was not extrapolated and these data were
lost to the analysis. Extrapolation was used for response
distances longer than 122 m (400 feet) where visibility
levels were not changing rapidly. In one case, this
extrapolation produced a negative visibility level and this
point was discarded. In total, 35 of the 80 conditions
were discarded due to glare source proximity and the
inability to reliably extrapolate data.

To assess whether the Adrian model completely
accounted for observer age, target size, target
reflectivity, target position, and headlight system, the
data from all tests were pooled and then separately
analyzed for differences due to only one of these factors
at a time. Since reaction time data are typically not
normally distributed, a non-parametric Wilcoxon signed
rank test for matched pairs was used for all comparisons
[11]. A significance level of p<0.05 was used for all tests.
In many of the unalerted data sets, there were
insufficient data points for a statistical analysis.

RESULTS

Visibility levels at target detection varied between
1 and 23 for the 50th-percentile alerted subjects over the
25 combinations of conditions for which it could be
calculated (Table 1). When detection distances were
corrected for subject alertness, visibility levels at target
detection increased to between 13 and 210 for the 20
conditions for which these levels could be calculated.

Table 1: Response distances from Olson et al. [4] and unalerted and
alerted visibility levels computed using the Adrian model [1] as a
function of subject age, target size, headlamp system, target position
and target reflectivity.

Age Target Size Headlights Position Reflectivity Response       Visibility Level
Distance (m) Alerted Unalerted

Old Large High Left 6% 32.6 23.3 -
25% 53.6 * 210.2

Right 6% 36.9 18.7 -
25% 76.5 22.3 107.6

Low Left 6% 13.4 - -
25% 46.9 * -

Right 6% 32.6 9.5 -
25% 72.8 6.3 59.8

Mod Right 6% 38.1 7.4 -
25% 72.5 7.8 60.6

Small High Left 6% 21.6 - -
25% 55.5 * 75.8

Right 6% 28.7 12.3 -
25% 69.2 9.7 57.5

Low Left 6% 21.9 - -
25% 43.9 * -

Right 6% 26.5 12.3 -
25% 73.5 4.3 43.7

Mod Right 6% 32.0 8.4 -
25% 67.7 6.7 47.1

Young Large High Left 6% 62.5 * 38.2
25% 107.3 * *

Right 6% 73.5 6.2 32.6
25% 130.1 5.2 58.2

Low Left 6% 52.7 * -
25% 102.7 * *

Right 6% 76.5 2.4 13.5
25% 128.3 - 17.2

Mod Right 6% 71.9 4.6 21.4
25% 125.9 1.7 30.3

Small High Left 6% 46.9 * -
25% 99.7 * *

Right 6% 57.6 4.9 28.9
25% 113.4 4.2 35.4

Low Left 6% 40.2 7.6 -
25% 94.8 * *

Right 6% 63.1 2.9 22.1
25% 118.0 1.4 21.8

Mod Right 6% 50.0 4.7 -
25% 113.1 2.8 26.7

* discarded because of glare, - discarded because of extrapolation
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Figure 1: Typical data showing the visibility levels for each vehicle-to-
target distance and the cubic spline fit to the maximum visibility level
at each vehicle-to-target distance. The dashed vertical lines
correspond to the unalerted (left) and alerted (right) detection
distances. Data shown for a large target with 6% reflectivity placed on
the right side of the road and viewed by young subjects under high
beam illumination.
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Figure 2. Single factor comparisons of the visibility levels in the pooled
alerted data.
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Figure 3. Single factor comparisons of the visibility levels in the pooled
unalerted data.

Based on the single-factor comparisons of
visibility levels using the pooled data, the factors for age,
headlights, and target reflectivity were not completely
accounted for by the Adrian model (Figures 2 and 3).
Older drivers required higher visibility levels at  target
detection than young drivers under both alerted and
unalerted conditions (p<0.05, Figures 2a and 3a). The
6% reflective targets also required higher visibility levels
at detection than the 25% reflective targets for alerted
subjects (p<0.05, Figure 2c), but there were insufficient
data to assess the effect of reflectivity for unalerted
subjects (Figure 3c).

Higher visibility levels were required to detect
targets under high beam lighting than under low beam
lighting for both the alerted and unalerted conditions
(p<0.05, Figure 2e and 3e). For alerted subjects, higher
visibility levels were also required with the high beam
system than with the modified system (p<0.05,
Figure 2e). No significant difference in visibility levels
was observed between the modified and low beam
systems in the alerted data and there were insufficient
data to compare the modified headlight system with
either the low or high beam systems in the unalerted
data. When the pooled data were first separated by
headlight system, the effect of age on visibility level was
greater under high beam illumination than under low
beam illumination (Figure 4a, b).

Target size did not significantly affect visibility
level at target detection for either the alerted or unalerted
conditions (p>0.05, Figure 2b and 3b). There was
insufficient data to assess the significance of target
position.

DISCUSSION

To apply the Adrian visibility model to actual
nighttime driving situations, the threshold visibility levels
applicable to nighttime driving under various realistic
conditions must first be determined. Using 50th-percentile
data derived from a multi-factorial visibility experiment
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Figure 4. Combined age and headlamp system comparison of the
visibility levels in the pooled data.
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conducted on subjects driving at night, the results of the
current analysis suggested that visibility levels of 1 to 23
were required for drivers to detect an object when they
were alerted to both the presence and probable location
of that object. When these median data were adjusted to
estimate the response of unalerted subjects, the required
visibility levels increased to between 13 and 210. These
broad ranges suggest that detecting objects under
nighttime illumination conditions can be considerably
more difficult when driving than when in a laboratory
setting.

Since a number of assumptions were needed to
condition the nighttime visibility experiment for the Adrian
model, the results presented here need to be interpreted
cautiously. One potential limitation of the current method
was the definition of target size. To exploit the detailed
contrast data reported by Olson et al. [4], the actual
targets were divided into smaller sub-targets and
characterized using the diameter of a disc of equal area.
Other means of sub-dividing the targets and other
means of characterizing target size [5, 6] could produce
different results. Despite possible limitations with the
definition of target size, the absence of a significant
difference in visibility levels between the small and large
targets suggested that the Adrian model adequately
accounted for target size. Alternatively, the range of sub-
target sizes used in the current analysis may have been
too narrow to adequately test the size parameter in the
Adrian model.

In the current analysis, it was also assumed that
the highest visibility level around the perimeter of the
target was detected by the subjects. This assumption
was chosen because the subjects were alerted to both
the presence and probable location of the target. Other
detection criteria were also explored, including the
second highest visibility level or the highest two visibility
levels for adjacent sub-targets. Both criteria produced
lower required visibility levels, particularly at the upper
end of the required range. Additional work is needed to
better understand the criteria used by subjects to detect
an object.

The data used to correct the alerted data for
unalerted drivers were based on an experiment involving
a single 1930-vintage headlamp system, a darkly clothed
man-sized target positioned in the middle of the road and
an undisclosed range of vehicle approach speeds.
Although response distances are known to vary with
headlight illumination, target reflectivity, target size,
target position, and vehicle speed [3, 10], it remains
unclear how the ratio of expected-to-unexpected
response distances varies with these same variables. As
a result, the visibility levels proposed for unalerted
drivers should be interpreted cautiously.

Although the nighttime visibility experiment used
for this analysis considered a large number of relevant
variables, other potentially-relevant variables or

conditions (e.g., vehicle speed, moving targets, non-
glare conditions, and reverse contrast) were not
considered. Moreover, an analysis of the effect of lateral
target position was hindered by the lack of data for left-
sided targets. Although Olson [12] suggests that the
effect of target eccentricity is small in low light, the
visibility levels proposed here may not be applicable
under all types of driving conditions, vehicles, and
targets.

Despite the limitations of the current analysis,
the computed visibility levels of 1 to 23 for alerted
subjects encapsulated the ranges previously proposed
by Adrian [2] and Hills [3]. Based on 20 to 30 year old
subjects, Adrian [2] suggested that visibility levels of 10
to 20 were required to read roadway signs in the
luminance range of street lighting. In a separate study,
Hills suggested that visibility levels 4 to 30 times the
50th-percentile laboratory detection threshold may be
required for driving [3]. When recast as multiples of the
99.93th-percentile response for comparison with the
Adrian model, these latter values equated to visibility
levels of 1.5 to 11.5. The results of the current analysis
thus corroborate these previously proposed visibility
levels for alerted drivers though they widen the
applicable range for the unalerted condition.

The results of the current analysis revealed that
the Adrian model did not completely account for observer
age, target reflectivity, or headlight illumination level.
Within the Adrian model, both the threshold detection
contrast and the deleterious effect of disability glare
increase with increased observer age. Despite these
corrections within the model, the current analysis showed
that the visibility level, i.e., the multiple above threshold
required for target detection, increased with increasing
age. This finding suggested that the Adrian model either
did not fully account for the above-mentioned factors or
was missing a separate age-dependent factor. In either
case, the data presented here provide additional
information on how to better interpret the age
dependency of the visibility levels computed by the
Adrian model.

Although target reflectivity only indirectly enters
the model through the target luminance measurements,
the 6 and 25 percent reflective targets produced
significantly different visibility levels at detection. Despite
this finding, the average absolute difference in visibility
levels at target detection was only 2.4 and therefore of
questionable practical significance.

Vehicle headlighting is also only indirectly
included in the Adrian model through the input target and
background luminance values. Its significance illustrates
one of the limitations of the model, namely the lack of a
driver adaptation factor. In the laboratory, a subject’s
eyes will generally be adapted to the level of the
background. In a motor-vehicle, both the headlight beam
pattern and the receding nature of a typical roadway
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environment produce a non-homogeneous background
against which the target is viewed. Olson et al [4]
measured driver adaptation luminance levels of 0.3 ft-L
(1.03 Cd/m2) under low beams and 1.7 ft-L (5.82 Cd/m2)
under high beams and reported that the necessary target
threshold contrast increased with adaptation luminance.
Thus, the high beam condition would have resulted in a
higher adaptation luminance for Olson’s subjects than
the low beam or modified high beam conditions. Since
the Adrian model does not account for driver adaptation,
it is expected that a higher visibility level would result with
high beams. The interaction between headlight
illumination and driver age suggests that any correction
for adaptation level is likely age dependent.

CONCLUSION

The Adrian visibility model provides a method for
quantifying nighttime scene visibility in terms of the
visibility level or multiple over threshold visibility that is
required to detect a specific target. Using data for alerted
drivers, visibility levels at target detection were between
1 and 23. With a correction for expectation, visibility
levels at target detection were between 13 and 210.
Driver age was found to significantly affect the visibility
level at target detection with older drivers requiring a
higher visibility level than younger drivers. Headlight
beam patterns were also found to significantly affect
visibility level at target detection. A higher visibility level
was needed under high beam lighting than under low
beam lighting. There was also a weak correlation
between target reflectivity and visibility level at target
detection, with the 6% target requiring a higher visibility
level to detect than the 25% target.
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ABSTRACT
Previous research [1] described a procedure for creating
prints from digital photographs that accurately represent
critical features of visual scenes at low levels of illumination.
In this procedure, observers adjust the brightness of a digital
photographs captured using standard photography until it best
matches the visible characteristics of the actual scene.
However, standard digital photography cannot capture the
full dynamic range of a scene's luminous intensities in many
low-illumination settings. High dynamic range (HDR)
photography has the potential to more accurately represent a
viewer's perception under low illumination. Such a capability
can be critical to representing nighttime roadway scenes,
where HDR photography can enable the creation of more
accurate photographic representations of bright visual stimuli
(e.g., vehicle headlamps, street lighting) while also
maintaining the integrity of the photograph's darker portions.
Using a photographed real-world, low-illumination scene,
brightness adjustments and subjective ratings of the visibility
of multiple objects were collected from naïve observers using
the updated method with both standard and HDR
photographs. A comparison of observers' ratings of the
gamma-corrected photographs to the actual scene indicates
that the HDR photograph represents a majority of the objects
in the scene with greater fidelity than does the standard
photograph. These findings support the validity of the

updated method, using HDR photography, to produce
accurate depictions of low-illumination scenes.

INTRODUCTION
Prior work [1] demonstrated that using a combination of
psychophysics and standard photography methods,
representative photographs of low-illumination scenes can be
produced based on a viewer's perception of one or more
regions or objects of interest. Because the previously
published method employed standard photography, this
method is especially effective when the difference between
the brightest and darkest areas is relatively small,
representing a low dynamic range. In contrast, this
technique's ability to effectively represent a scene can be
limited if the areas of interest include a region where there is
substantial variability in brightness or contrast (e.g., shadows
and highlights). In this case, the photograph may not
accurately represent what the viewer experienced because it
does not show the high dynamic range of the actual scene. In
other words, the photographer must decide to either (1) set
the camera to accurately depict the darker portions of the
photograph, thereby overexposing the brighter parts of the
photograph (e.g., headlights), or (2) set the exposure to
properly represent the lit portions of the scene at the expense
of underexposing the darker portions.

In the current study, we attempted to create a faithful
representation an observer's experience under conditions of
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low ambient lighting. By using HDR photography, this
problem's solution has become more tractable. Put briefly,
HDR photography combines different exposures of the same
scene into a single photograph, such that the HDR
photograph represents the full dynamic range of brightness in
the scene [2]. Consequently, a single photograph contains
details in both shadows (overexposed photographs) and
highlights (underexposed photographs) from the
photographed scene. With care, the user can produce an HDR
photograph that reproduces both the brighter and darker
aspects of a visual scene better than standard photography.

In the present study, we updated the previously published
method [1] and directly measured the effectiveness of
standard and HDR photographs to represent a low-
illumination scene. Participants made psychophysical
brightness adjustments to both standard and HDR
photographs in order to match those photographs to the real
nighttime scene. These adjustments were made at the scene,
using a calibrated laptop monitor. Then, each participant was
presented a standard and HDR photograph, optimized per
their own psychophysical adjustments on the laptop monitor,
and was asked to rate the accuracy of each adjusted
photograph's representation of numerous objects in the scene.
Empirical analysis of participants' ratings revealed that HDR
photography created subjectively better representations of
some, but not all, of the objects. In contrast, standard
photography did not produce a reliably better representation
of any single object. Although HDR photography has distinct
advantages over standard photography, standard photography
remains a suitable alternative for capturing some low-light
conditions.

METHODS
PARTICIPANTS
Eleven participants (5 females), ranging in age from 29 to 42
years (average age = 32.5 years) participated in the study.
Participants had normal or corrected-to-normal vision and
none reported having trouble driving at night. Participants
were told that the purpose of the study was to evaluate their
judgments of, and adjustments to, digitally presented
photographs depicting a nighttime scene; however, they were
naive to the experimental manipulation of interest.
Participants recruited from the community were provided
monetary compensation for their participation.

TEST SCENE
Figure 1 shows the HDR (Fig. 1A) and standard (Fig. 1B)
photographs of the low-illumination test scene. A nighttime
scene was set up on a street that ended in a cul-de-sac in a
business park district of Los Angeles, CA. The scene
contained four primary objects of interest: (1) a 2011 Honda
CRV sport utility vehicle (SUV), (2) a 0.74-meter-tall,
toddler-sized mannequin, (3) a 2006 Chevrolet Silverado

pickup truck, and (4) two diamond-shaped retroreflective
traffic signs, one positioned above the other. As viewed in
Figure 1, the front of the SUV was positioned next to the left
curb approximately 35.7 meters from the camera's location,
with its headlights aimed in the direction of the participant.
The toddler wore blue and red shorts and was positioned just
to the right of the SUV's driver's side front tire. The rear of
the pickup truck was located next to the right curb
approximately 29 meters from the camera's location, with its
headlights aimed away from the participant and in the
direction of the retroreflective traffic signs. The traffic signs
were located at the end of the cul-de-sac, approximately 76.2
meters from the camera's location. The scene also contained
sidewalks along both sides of the street, trees, bushes, other
traffic signage, telephone poles, and high-pressure sodium
streetlights.

A contrast chart was included in some photographs. The
contrast chart contained 12 achromatic square-wave gratings
of varying orientation. At the participants' viewing distance,
six gratings had a spatial frequency of four cycles per degree
(cpd) and six had a spatial frequency of 16 cpd. The
Michelson contrast of the gratings varied between 0.1 and 0.9
[1]. When used, from the viewpoint of the observer and
camera, the chart was placed to the right of the SUV's driver's
side front tire, at the feet of the toddler (refer to [1] for further
discussion of the contrast chart).

Photographs of the scene were captured with and without
contrast charts. All photographs were taken after the end of
nautical twilight to ensure that the scene was photographed
under the same ambient lighting conditions as those
experienced by participants, who were tested at various times
after the end of nautical twilight.

DIGITAL PHOTOGRAPHS
Photographs were acquired using a Nikon D300 12 mega-
pixel digital SLR camera with a Nikkor 18-200 mm lens.
Using the methods described previously [1], it was
determined that the camera does not introduce any non-linear
transformations of luminance values. During photograph
acquisition, the camera was placed on a tripod at the location
where participants stood while viewing the scene. The
camera was set to “aperture priority” mode and photographs
were taken using ISO 800, 32-mm (50-mm effective) focal
length, and an aperture setting of f/8. Nine different
photographs were acquired using automatic bracketing at
1EV (exposure value) spacing. Photographs were encoded in
NEF (Nikon Electronic Format) format. Three of these nine
photographs were selected to create the HDR photograph, as
described in the next paragraph. These photographs had
shutter speeds of 1/13, 1.3, and 13 seconds, representing a 7
EV range. The standard photograph was taken using ISO 800,
32-mm (50-mm effective) focal length, aperture setting of f/4,
and a 1/2-second shutter speed. This photograph most closely
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matched the overall ambient lighting conditions and
appearance of the objects of interest. No flash was used while
acquiring any of the photographs.

The HDR photograph was generated using Photomatix Pro
3.2 software (HDRsoft, Montpellier, France). Given the
potential subjectivity of post-processing methods, the default
Photomatix settings were used. The color saturation of the
resulting tone-mapped photograph was reduced in order to
better approximate color saturation of the scene. No other
custom adjustments were made to the composite photograph
throughout the processing pipeline, e.g., white balance
adjustment, tonal range compression, contrast adjustment.1 In
the first step, three raw photographs were selected,
representing low-, medium-, and high-toned photographs.
Using the photographs' RGB/luminance histograms, an
overexposed photograph was chosen such that its histogram
was saturated on the white/bright side and diminished to zero
in the region presenting black/dark pixels, and the
underexposed photograph had the opposite pattern (saturation
on the dark side and no pixels on the bright side) [2]. The
distribution of pixels in the third photograph was generally
focused in the mid-range of RGB pixels. These photographs
were then combined to yield a 32-bit HDR photograph in
Adobe RGB color space, without any tonal compression.
Next, this photograph was tone-mapped to compress the
dynamic range so the photograph could be presented on non-
HDR media, e.g., a standard computer monitor. Tone
mapping was performed using the default values for
Photomatix's tone-compressor operator, in which pixels are
processed independent of the brightness of each of the
surrounding pixels. The resulting tone-mapped photograph,
which had a greater range of luminance values than the

standard photograph, was saved as a 16-bit TIFF for
subsequent gamma correction and evaluation by the
participant.

The HDR and standard photographs were used as stimuli for
the adjustment procedure described below. Test images were
generated from each photograph using custom software
developed in MatLab® (The MathWorks, Inc., Natick, MA)
and described in greater detail in reference [1]. In brief,
photograph pixels were transformed from RGB to luminance
values using the display screen's gamma modulation. Then,
thirty unique images were created by differentially scaling the
luminance values in the original photograph. These
luminance values were then converted to brightness by
applying the CIE 1986 conversion formula [3], i.e.,

(1)

where Brightness is the perceived intensity of light by a
human observer, Y is the overall luminance value of the
scaled image, and Yn is the overall luminance value of the
highest luminance image. Each participant performed a total
of ten adjustments. In each adjustment, one of the 30 images
was randomly selected and displayed on the computer
monitor. Participants could then “scroll through” the 30
images, until he or she identified the image that best
represented the scene. The average output of the ten
adjustments was then used to adjust the brightness of the
respective photograph-the standard or HDR photograph.
Lastly, participants rated that brightness-adjusted
photograph's ability to accurately represent the actual scene.

Figure 1. The two unadjusted photographs used in experiment. (A) HDR and (B) standard photographs were presented to each
participant. After matching each photograph's brightness to the brightness of the actual scene and correcting for gamma in the

presented photograph, the participant rated specific objects in each photograph according to how well the object in the
photograph matched the actual object. The contrast chart is to the left side of the scene, just to the right of the SUV, and the

toddler is standing behind the chart. The large yellow and small red traffic signs are directly to the left of the truck, which is on
the scene's right side. Note the presence of visibly greater headlight veiling glare in the standard photograph.

1 Though most of the default settings were appropriate for the scene photographed in this study, other situations may exist where it is appropriate to make additional adjustments prior to the
critical brightness adjustments on the gamma-corrected photographs, given that the ultimate goal is to create a photograph that most closely approximates the live scene.
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PROCEDURE
All participants were dark adapted for at least 15 minutes
prior to viewing the photographed scene. While viewing the
scene and making adjustments, participants stood at the same
location from where the photographs were taken (Fig. 1).
Participants were permitted to freely view the scene before
beginning the experimental procedure, but they were not
allowed to view any photographs of the scene until the testing
session began.

To complete the adjustment procedure for both the standard
and HDR photographs, participants were instructed to
increase or decrease the brightness of the photograph until it
best matched the overall scene in front of them. Participants
compared the digital photograph with the contrast chart to the
actual scene with the contrast chart. All stimuli were
presented on a gamma-calibrated Dell Latitude E6500 LCD
laptop monitor. Custom software, developed using the
MatLab Psychophysics toolbox [4], was used to adjust the
brightness of the photograph (i.e., moving between the scaled
test images described above) by pressing the “up” or “down”
arrow keys on the keypad, and the space bar was pressed to
indicate that the best match had been achieved. This process
was repeated a total of ten times. Participants were told that if
they need to emphasize any region to match the brightness, it
should be in the vicinity of the SUV and truck. They were
instructed that if they used the contrast chart, they should try
to match the least visible black-and-white gradient in the
scene to the respective gradient in the photograph.
Participants made adjustments to the standard and HDR
photographs separately, with five participants adjusting the
standard photograph first and six adjusting the HDR
photograph first. To avoid biasing participants' judgments, no
reference was ever made to the photographs being “standard”
or “HDR” photographs. Instead, the first photograph was
always identified as “Photograph A” and “Photograph B” was
the second photograph.

After the participant completed the adjustment procedure for
both photographs, gamma-corrected standard and HDR
photographs were created. For each photograph, the
participant's average brightness setting across the ten
adjustment trials was applied to the respective standard or
HDR photograph. Participants viewed the final, adjusted
photographs in full-screen mode on the same laptop
computer. They then completed a questionnaire that asked
them to compare the overall scene, as well as a subset of
objects in the scene, which were depicted in each of the two
photographs (Table 1), to the actual scene before them.
Specifically, participants appraised each photograph's ability
to accurately represent their perception of each object in the
scene. They used a five-point Likert scale to rate each
photographed object's fidelity, ranging from Poor (1) to
Excellent (5). If they could not see the object in either the
photograph or actual scene, they were instructed to report

N/A. If a given object received different ratings between the
two photographs, participants were encouraged to describe
the relevant visual attributes that differed between the two
photographs (e.g., color, brightness, amount of visible detail,
legibility).

Table 1. Objects listed in participant questionnaire.

ANALYSIS
There is an on-going debate about whether parametric or non-
parametric methods should be used to analyze data collected
using Likert scores, with some advocating the use of non-
parametric analyses and others arguing the two methods
provide similar findings [5, 6, 7, 8]. Because the distribution
of scores did not appear to consistently follow a normal
distribution across all questions, we adopted a conservative
approach and report findings from non-parametric analyses
[5]. However, supporting others' arguments, the findings are
qualitatively the same when analyzed using a parametric
approach (paired t-test) [6].

Participants' evaluations of each standard- and HDR-
photographed object to the actual object were directly
contrasted in order to test for reliable and quantitative
differences between the fidelity of standard and HDR
photographs' representations of low-illumination scenes.
Because each participant provided a single measure for each
object for each type of photograph, a Wilcoxon matched-
pairs signed-ranks test was employed. This non-parametric
test evaluates whether the median of the participants'
difference scores deviates significantly from zero [9].

RESULTS
There were six N/A ratings. Two participants marked the
power lines (Object 10) to be N/A in both the standard and
HDR photographs. One of these participants also marked the
sky (Object 8) as N/A in both the standard and HDR
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photographs. These N/As were not included in the subsequent
analyses.

To better understand the group-level ratings for each object,
Figure 2 shows the median ratings for HDR and standard
photographs. Because the Wilcoxon test evaluates the median
difference score between two categories, Figure 3 provides
the median differences for each rating category.

Preference for one type of photography method over another
was not unanimous across all objects. Pairwise comparisons
revealed significantly higher ratings of fidelity for the HDR
photograph compared to the standard photograph for objects
that either reflected light (large yellow diamond, V = 45, p <
0.01; small red diamond, V = 50, p = 0.02) or light sources
that shone in the direction of the observer (SUV headlights, V
= 64.5, p < 0.01; truck taillights, V = 59, p = 0.02).
Qualitatively, the toddler was rated as more accurately
represented in the standard photograph (Fig. 3; median
difference score = −1.0; V = 20, p = 0.44). This non-
significant effect reflected differences in individual subjects'
ratings between the two photographs: The median group
rating was “3” for both HDR and standard photographs (Fig.
2). Ratings of all other objects, including the contrast chart,
were not reliably different between standard and HDR
photographs (ps > 0.05). A test of each photograph's overall
ability to accurately represent the overall scene revealed a
strong preference for the HDR photograph (V = 41, p = 0.02).

DISCUSSION
Relative to standard photography, HDR photography
provided a measurably superior and accurate representation

of elements within the nighttime scene we evaluated. The
benefit of HDR representations is evident when there is a
greater luminance range in a scene, e.g., perceiving details in
a nighttime scene in the vicinity of an oncoming vehicle's
headlights. In contrast, there is unlikely to be a distinct
benefit of using HDR photography where there is a relatively
small dynamic range of luminance, e.g., perceiving black
power lines against a nighttime sky. Thus, the viewer's
preference for the relative fidelity of HDR over standard
photography can be expected to depend upon the
photographed subject matter.

We found no reliable evidence for any tested object being
preferred under standard-photographed conditions. This
makes sense given that HDR photography will not
significantly affect the appearance of a scene in which the
dynamic range is small. If a standard photograph is judged to
be superior to an HDR photograph, this may reflect
exaggerated or questionable adjustments during tone
mapping. It could also reflect a poor selection of photographs
used to create the composite HDR photograph, e.g., there
may be ghosting incurred from camera movement across
photographs. As such, the photographer must be attentive and
avoid introducing undesired artifacts [2]. In preparing the
HDR photograph for this study, care was taken to avoid
unnecessary adjustments to the tone-mapped photograph,
which preserved the realism of the HDR photograph.

When participants were instructed to adjust the photograph's
brightness to match that of the overall scene, they were told
that if they were to prioritize a region, it should be in the
vicinity of the SUV's headlights and truck's taillights. This
area included the chart with contrast gradients and the toddler

Figure 2. Median rating of how accurately each object in an HDR or standard photograph represents the same object in the
real scene. Ratings ranged from 1 (“poor”) to 5 (“excellent”). Ratings of N/A are not represented in these data.
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mannequin. The instruction to focus on this region might be
reflected by the null difference in the representation of the
contrast chart and toddler in the two photograph conditions
(Fig. 3). An alternative explanation is that these objects'
representations are overly insensitive to the tested dynamic
ranges differences. While this study cannot address this
question, these null effects are important because they
demonstrate that even when the representation of some
objects within the scene is congruent (e.g., mannequin,
contrast gradient), there can be appreciable differences in
other regions of potential interest (e.g., signage, lighting).

Participants' voluntary reports of why they rated one
photograph better/worse than the other provide some insight
into why HDR photographs are preferred over standard
photographs when attempting to create accurate
representations of low-illumination scenes. Overall,
participants indicated that the colors of the two diamond
signs were more accurate in the HDR photograph. Many also
commented that the brightness of the headlights and taillights
appeared to be more accurate in the HDR photograph.
Compared to standard photography, these assessments reflect
HDR photography's ability to more accurately represent
luminance changes across a scene. This is especially true in
generally low-illuminance scenes, such as the one that was
photographed for this study. The larger of the two signs
contained the word “End,” which participants noted as being
more legible in the HDR photograph. A general preference
for the HDR photograph was supported by comments such as
it being “crisper,” “more in focus,” and having more “detail”
and better colors than the standard photograph.

An important issue associated with the use of HDR
photography under low illumination is that of glare. In some
situations, the multi-exposure HDR method used here may be
limited by issues of veiling glare in the camera, i.e., the
uncontrolled spread of light. Veiling glare from light sources
(e.g., vehicle headlamps directed at the camera) can mask
areas by saturating the respective pixels in the photograph,
thereby preventing the photograph from accurately
representing the scene [10]. The multi-exposure technique of
HDR photography can control for some glare. In contrast,
standard photography cannot do this, unless the brightness of
the overall photograph is significantly reduced, in which case
potentially important, darker regions of the photograph will
be underexposed and not representative of the actual scene.
This will affect small objects, such as text on a distant road
sign being illuminated by a vehicle's headlamps. It will also
be an issue for photographs in which there is a low level of
contrast between a target object and its background. In
situations in which glare cannot be controlled or reduced
from a desired vantage point (e.g., photographing a scene
with a vehicle shining its high beam lights directly at the
viewer), there are algorithms being developed that attempt to
minimize the effects of glare (e.g., [11]). While these
algorithms may be beneficial, additional care must be taken
to guarantee that both tone-mapping and glare are modeled
accurately.

The ability of HDR photography to control glare can be seen
in the vicinity of the SUV's headlights (Fig. 1). Interestingly,
this capacity appears to have adversely affected participants'
rating of the HDR photograph. While there was visibly less
glare in the HDR photograph, participants gave the standard

Figure 3. Median difference scores used in analysis. Scores were calculated by taking the median of the difference between
each pair of HDR and standard photograph ratings for a given object. Positive scores mean the HDR photograph was rated as

being more accurate than the standard photograph. Ratings of N/A are not represented in these data.
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photograph a greater rating of representation accuracy for the
toddler (Fig. 3). Related, several participants commented that
the toddler was difficult to see in the HDR photograph
because of glare and general brightness from the SUV's
headlights. Importantly, the standard photograph's toddler
rating was not reliably different from that of the HDR
photograph, so caution must be made when interpreting the
qualitative findings. Similar comments were also made about
the visibility of the contrast chart, but unlike the toddler, there
was no qualitatively higher rating of the standard photograph
for the contrast chart (Fig. 3). Thus, while glare may hinder
both photography methods to accurately represent a scene,
the current study did not find reliable evidence supporting
one method over the other in their ability to control glare.

There is an important caveat to the idea that HDR
photography provides a more accurate representation of a
scene. There are conditions where a standard photograph will
be better than an HDR photograph under low illumination.
For example, uncontrollable motion from a camera or an
object (e.g., a human, moving vehicle, etc.) will limit the use
of long shutter speeds, which would otherwise be necessary
to capture details in shadows for use in creating an HDR
photograph. Similarly, HDR photography limits one's ability
to photograph a transient event or a non-stationary object,
owing to the object of interest failing to maintain a constant
position for a long enough period to photograph across
multiple EVs. Thus, while HDR photographs provide some
benefits over standard photographs in low illumination, it is
not practical for all conditions.

CONCLUSION
Using HDR photography under conditions of low
illumination and adjusting the photograph brightness using
psychophysical methods can result in more qualitatively
accurate representations of potential areas of interest, relative
to the same scene photographed using standard photography.
This is particularly true for photographic representations of
luminous elements of the scene such as street lights or
retroreflective street signs.
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ABSTRACT 

A new low light video recording system is described which 
can be used to document visibility conditions at nighttime accident 
scenes. The system includes a means for calibrating the recording 
and playback equipment for the prevailing illumination conditions 
while on location at an accident scene. Use of a hand-held grey 
scale chart facilitates calibration of the equipment and provides a 
visual check during playback. The characteristics, use and 
adaptability of the system for a variety of accident reconstruction 
activities is described. 

INTRODUCTION 

Making a realistic record of the night visibility conditions at 
31 accident scene using video equipment has been difficult in the 
past. A recent development provides the means for overcoming the 
majority of these difficulties. A video system and calibration 
procedure is described which enables the reconstructionist to 
record the low illumination visibility conditions at an accident site. 

VIDEO SYSTEM DESCRIPTION 

HISTORICAL SOLUTIONS - In the past, many investigators 
have tried lo use color camcorders or still photography for 
recording low illumination visibility conditions at an accident site. 
With color camcorders, the results were, at times, less than 
satisfactory due to their relatively high luminance requirements 
(typically 1 to 4 lux) and their tendency to over-correct in low light 
conditions. 

Still photography has enjoyed greater acceptance as a 
medium of choice for recording low light conditions. However, 
some investigators have experienced problems with the use of still 
photography for night scene documentation. Potential problems 
include reliance on subjective memory, the need for multiple trips 
to an accident scene, and variations in photographic procedural 
techniques and print densities [I]. 

Experience with the limitations of these alternate 
documentation methods led to the development of a new low light 
video recording system. The new system as described below 
addresses the problems encountered with the other methods and 

introduces many features that should prove useful to the accident 
reconstructionist. 

NIGHTTIME VISIBILITY LEVELS - An apparent 
functional lower limit for the ability of the human eye to resolve 
detail in low light conditions occurs at a luminance level of 0.05 
lux. Visibilitycutoff occurs at this level for objects of significance 
in visual environments and event sequences common to low light 
accident scenes [2]. This luminance level can be described as the 
approximate luminance needed to resolve a 15.2 cm (6 inch) 
diameter object, such as a denim-clad leg, that is reflecting light at 
a level of 0.05 lux under low illumination conditions, with a dark 
asphalt background reflecting light at about 0.01 lux, when the 
object is about 50 m (165 feet) from the observer [2,31. Under 
certain ideal static acuity states, the human eye may be able to 
exceed this level of performance. However, for the most part, 
those conditions are not found to be common to nighttime low light 
accident scenarios [2,3,4]. 

THE NEW LOW LIGHT RECORDING SYSTEM - The 
new system makes use of a black-and-white video camera that is 
able to record visual images down to an average scene lu~ni~iance 
of about 0.01 lux. This is of particular interest in view of the 0.05 
lux human eye functional visibility limit discussed above. The low 
lux level of the new camera is enough below the human visibility 
limit to allow the video recording and playback equipment to be 
calibrated to the prevailing accident scene visibility conditions. 
Since the final check on calibration, recording, and playback 
fidelity is the eye of the investigator, the necessary verifications can 
be completed in real time while the investigator is at the accident 
scene. This is an obvious advantage for the new system. 

The calibration devices provided in the new video recording 
system include numerically graduated potentiometers and a 
numbered grey scale chart. A potentiometer on the low light 
camera lens allows the operator to adjust the reference aperture of 
the lens to a setting consistent with the accident location. A 
potentiometer on the playback monitor, working in conjunction 
with the potentiometer on the camera lens, allows the operator to 
set the scene ambient darkness level displayed on the monitor to 
that observed at the scene. 

The use of the hand-held grey scale chart during calibration 
at the accident scene provides an additional visual check on the 
equipment set-up both at the accident scene and during subsequent 
video playback. 
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The three panel foldout grey scale chart, shown in Figure 1, Electrical supply can be provided from a portable 12 volt 
has overall dimensions of 0.4 m (15 inches) by 1.5 m (60 inches). battery power pack, or from a vehicle cigarette lighter plug-in. 
The chart contains 0.1 m (4 inches) high numerals one through six, This feature makes the recording system completely portable for 
and 0.23 m (9 inches) diameter solid circles colored in shades of hand-held accident scene walk-throughs or for vehicle mounted 
grey fiom off-white to very dark grey on a black background. The drive-throughs. The connections may be hardwired for permanent 
0.23 m diameter solid grey circles were selected to give a visual mounting inside a vehicle. 
range of approximately 60 to 80 m (200 to 260 feet) at a visual Mounting brackets for the camera system are available for 
acuity range of 0.08 to 0.1 with luminance levels of 0.01 to 0.05 mounting on the hood or for dash mounting inside a vehicle. The 
lux. [5] The chart in this form has been found to facilitate magnetic hood mounting bracket provides for convenient and rapid 
equipment calibration for a variety of accident scene lighting system setup and operation on a variety of vehicles. This bracket 
conditions. can also be used for mounting on a vehicle roof or on other 

The system includes a standard 8mm color video camcorder relatively horizontal sheet metal surfaces. Figure 3 shows a view 
for daylight and intermediate luminance level recording. A switch of the camera system mounted on the hood of a vehicle in front of 
is provided that allows the operator to easily switch from color to the driver at approximate driver eye height. Figures 4 and 5 show 
low light black-and-white recording. Figure 2 shows a view of the the system mounted inside a vehicle. 
camera system. 

Figure 1: Grey Scale Calibration Chart 

Figure 2: The camera system with low light camera lens potentiometer and dash mount shown 
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Figure 3: Camera system shown mounted on vehicle hood 

Figure 5: Camera system shown mounted inside a vehicle 

SYSTEM CALIBRATION PROCEDURE - To begin a 
calibration of the system for low light conditions, the camera 
operator should verify that the lighting conditions are as they were 
at the time of the accident. Next, with the camera system mounted 
or hand-held, turn the camera on and aim it in the direction of 
interest (i.e. driver, pedestrian, or witness viewpoint). The camera 
operator should position the black-and-white video monitor for 
convenient observation. An assistant should stand facing the 
camera at or near the accident location while holding the unfolded 
grey scale chart. , The dial potentiometer on the video monitor 
should be adjust4 until the ambient scene presentation on the 
monitor is consistent with the camera operator's observation. The 
potentiometer on the low light camera lens should be adjusted to 
give a consistent presentation of detail features in the scene, 
including the grey scale chart. The calibration potentiometers 
should also be adjusted to provide an optimal presentation of the 

Figure 4: Camera system shown mounted inside a vehicle and 
the playback monitor with calibration potentiometer 

Figure 6: Grey scale chart using daylight reenactment 

scene details as shown on the monitor screen. The camera operator 
should then record the camera and grey scale chart positions, the 
dial settings on the camera lens and video monitor potentiometers, 
and the resolvable grey scale chart number for this location. Next, 
the camera operator should push the camera record button to 
record this calibration position. 

The assistant should then move the grey scale chart to 
alternate positions nearer to or farther from the camera in such a 
way that the scene area of interest is spanned by the calibration 
positions. This is often facilitated by placing traffic cones at 
equally spaced calibration positions prior to starting the calibration 
sequence. Spacings of 7.6, 15.2, or 30.5m (25, 50, or 100 feet) 
have been found appropriate depending on illumination conditions 
within the accident scene area of interest. At each of the selected 
positions, repeat the calibration procedure. Figure 6 shows a view 
of grey scale chart calibration use during a daylight reenactment. 
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The calibration procedure is concluded by selecting optimum 
dial settings for the camera lens and video monitor potentiometer 
based on the resuIts obtained during the calibration sequence at 
alternate positions. This selection is facilitated by reviewing the 
recorded calibration dial settings for the accident sequence under 
investigation. Record additional video footage for these settings. 

At this point the camera system is ready for documenting the 
low light visibility conditions for the accident scene. The 
reconstructionist can now begin scene drive-throughs or walk- 
throughs consistent with case requirements. 

ADDITIONAL SYSTEM FEATURES 

The new camera system features a wireless lapel microphone 
which enables the system to record sound along with either black- 
and-white or color video. This feature is convenient for audio 
recording of calibration data and other significant observations by 
the investigator during the accident scene inspection. 

The new system also features proprietary electronic circuitry 
that maintains constant voltage input, regardless of battery level or 
power source voltage fluctuations to the cameras and the video 
monitor. This feature ensures consistent system performance 
throughout calibration, recording, and playback functions. 

ADDrnONAL FUNCTIONAL CONSIDERATZONS 

The lens of the low light black-and-white video camera has 
an automatic iris function which responds to light in the accident 
scene similar to the actions of the human eye. The system's 
potentiometer calibration procedure, for instance, biases or adapts 
the automatic iris of the lens to a mid-range consistent with the 

I average ambient luminance level for the accident scene area. 
Conceptually, this is similar to the luminance level adaptation of 
the human eye [4]. 

Additionally, the automatic iris, which increases and 
decreases about the calibrated mid-range, is analogous to the 
human eye iris in controlling the size of the opening in f r r t  of @e 
lens and the amount of light entering the camera [41. Glare from 
approaching vehicle headlamps produces an increase in the overall 
brightness of the video presentation and a reduction in feature 
resolution in the recorded image similar to the glare veiling 
luminance of the human eye [3]. 

These features combined with the lens response time and 
system recording speed have resulted in video recording 
presentations which are found to be consistent with observer 
experience for a variety of accident scene phenomena and accident 
reconstruction reenactments. 

SYSTEM PERFORMANCE - The new system has been 
extremely useful for recording low light accident scenes in a 
manner consistent with viewer observations. Although there is no 
widely accepted test procedure for quanwng minimum video 
system illumination capabilities, the developers of the new system 
at Wendell Hull & Associates are working toward establishing 
procedures to allow quantifiable illumination comparisons to be 
made between different cameras. Once these procedures are 
developed, the capability of the camera can be more readily 
compared to the resolution capability of the human eye. 

OTHER USES - The multiple attributes of the new video 
recording system make it readily adaptable to uses such as crime 
scene documentation and law enforcement surveillance. An 
additional use, the one which led to the system's development, is 

as foundational support data for computer-generated video 
animations of nighttime accident scenes. 

CONCLuSIONS 

A new video recording system that recently became 
commercially available has been described which has the 
combined attributes of high and low 'illumination recording, 
alternate location mountings, full portability, and a means for 
calibration. These attributes make the system useful for a variety 
of accident reconstruction documentation tasks. Future plans 
include @e development of test methods and analytical procedures 
for further characterizing performance criterion for this type of 
video recording equipment. 
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Psychophysical Validation of Photographic Representations

T. J. Ayres
Failure Analysis Associates, Inc.

Menlo Park, CA

ABSTRACT
In order to represent how a scene would appear to a typical 

observer, a photographic print can be calibrated based on careful 
observation. A psychophysical validation procedure is described, 
involving the use of visual stimulus charts.  The scientific rationale 
and basis for this procedure is reviewed, and additional applications 
are discussed.

INTRODUCTION
In the course of investigating an accident or evaluating the safety 

of illumination at a given site, it is common to take photographs 
showing the scene from the position of an observer, such as the view 
of a pedestrian for an approaching driver under specific illumination 
conditions or the view of a darkened stairwell for a person descending.  
Photographs offer the promise of showing directly how visible various 
features are, so that decisions and evaluations can be made without 
trying to interpret the results of often complex analyses of luminance, 
glare, and visual factors.  A central requirement for using a 
photographic print in this way is to have a means of validating the 
print, establishing that it faithfully represents some aspect of the visual 
experience that an observer would have at the actual scene. 

Considerable research has been devoted to studying the role of 
visibility problems in accidents and to predicting the visibility of 
critical features, especially under marginal illumination (e.g., Adrian, 
1987; Ayres et al., 1995; Olson, 1987; Schmidt-Clausen & Damasky, 
1994).  Analytical tools have been developed to predict visibility in 
scenes that cannot be recreated (e.g., Adrian, 1989; Burgett & 
Villalba, 1985; Phillips et al., 1990) or to evaluate candidate headlight 
systems (e.g., Burgett et al., 1989; Farber, 1988; Farber & Matle, 
1989; Olson et al., 1990; Owens et al., 1989; Hans-Joachim & 
Schmidt-Clausen, 1982). 

Very little attention, however, has been paid to accurate 
representation of low-visibility conditions in photographic prints. 
Most books on photography or on accident reconstruction do not 
discuss the problems of portraying night visibility conditions when 
photography is discussed (e.g., Brown & Obenski, 1989), or else note 

that a low-light photograph can be exposed and printed to yield an 
arbitrarily dark or light print (e.g., Duckworth, 1983). 

The key is to base evaluation of the print on observations made at 
the scene.  Baker & Fricke (1986) briefly describe a procedure in 
which a test target or pattern, such as grey numbers on a black 
background, are slowly moved from a dark area to a lighted area to 
find the point at which the numbers are just barely readable at the 
observer’s position; then the viewing conditions for the picture are to 
be adjusted so that the numbers are just barely readable. This is the 
essence of a psychophysical or subjective validation procedure.  If a 
print containing such a test pattern can be validated, then a print of a 
photograph that is identical in all respects (e.g., circumstances, 
lighting, camera settings, developing and exposure settings) but with 
the test pattern removed can be presented as a validated representation 
of scene appearance.

This approach was further developed and tested by Holohan et al. 
(1989), using grey alphanumeric characters of varying reflectances on 
a black background.  An observer notes the visibility threshold, or the 
darkest character that can be accurately recognized when placed in the 
scene of interest and viewed from the viewing position of interest 
under specified lighting conditions. Then a photograph is taken, and 
prints are made at a series of densities (or print exposures).  The 
observer selects a print density that yields the same visibility 
threshold, or in which the same character is just barely visible as was 
the case at the scene.  Tests with a series of observers established that 
this method produces a photographic print that, to a reasonable 
approximation, portrays the appearance of the scene with respect to 
visibility of objects.

An important feature of this approach is its conceptual simplicity.  
Given the complexity of photography - characteristics of cameras and 
lenses and films, the chemistry of the developing process, the 
nonlinearities of printing - it is very difficult to place confidence in the 
visibility represented by a photographic print based solely on good 
photographic technique.  Instead, if the visibility of some aspect of a 
print reproduces the visibility recorded at the scene, then the details of
the photographic process do not need to be considered. 
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The work described by Holohan et al. (1989) was largely 
atheoretical, with no justification offered for the grey characters used. 
Similarly, a recent extension to calibrating night video recordings 
(Hull et al., 1996) does not deal with the rationale for designing 
stimuli.  In the next section of this paper, relevant literature on human 
vision and visual performance testing will be reviewed.  This provides 
a basis for development of visual stimulus charts, as described in the 
third section of the paper.  The final section describes uses for these 
charts.

VISUAL TESTING
Detection of a visual stimulus can depend on a multitude of 

factors related to the static and dynamic aspects of the stimulus and 
background, the characteristics and condition of the observer, and the 
lighting.  For many practical matters, such as the detectability of an 
object in the roadway or the adequacy of corrective lenses, many 
factors can be held constant as a first step. It is typical to begin by 
determining the detectability of a static stimulus as a function of its 
luminance contrast by a static alert observer fixating on the stimulus 
location.

The most common visual tests are those designed to assess visual 
acuity, or the ability to resolve fine detail.  These tests, used routinely 
in clinical optometry, determine the smallest stimulus that can be 
detected (or recognized and identified), or the smallest separation of 
points or lines that can be resolved, generally using well-illuminated 
high-contrast stimuli such as black lines or letters on a white 
background (Davidson, 1991) or bright lines on a dark background 
(e.g., Ayres, 1995).  Despite their usefulness for studying refractive 
errors, and their face validity for predicting ability to read high-
contrast sign lettering at a distance, acuity tests actually address only a 
very limited aspect of normal vision, specifically discrimination of 
fine detail (Boyce, 1981).  

Research over the last 30 years has shown that visual processing 
can be characterized as performing a spatial frequency analysis, based 
on the output of filters tuned to a series of different spatial 
frequencies; that is, any visual scene is analyzed into contrast changes 
at various spacings across the visual field, from widely-spaced or low-
frequency changes to finely-spaced or high-frequency changes 
(Campbell & Robson, 1968; Wilson, 1991). Spatial frequency is 
measured in cycles per degree (c/d) of visual angle. Evidence for this 
conception of visual processing comes from electrophysiological 
studies of neuronal response at various locations in the visual system, 
as well as from a variety of behavioral studies and subjective 
phenomena (Ginsburg, 1986; Laming, 1991a, b; Olzak & Thomas, 
1986).  

Consequently, in order to assess ability to detect and discriminate 
visual information, visual capability must be tested at a series of 
spatial frequencies, typically using sinusoidally-modulated luminance 
gratings (luminance varies across a spatial dimension, appearing as 
alternating light and dark bars with gradual transitions).  The spatial 
modulation transfer function (or the spatial contrast sensitivity 
function) is determined by measuring the minimum contrast that a 
person can just barely detect at each of a succession of spatial 
frequencies.  Forced-choice testing, in which the observer must select 
one of several possible affirmative responses (where or when or what 
the stimulus is, rather than whether or not the stimulus is detectable) is 
ideal for avoiding problems related to variability in the observer’s 
criterion or bias (Higgins et al., 1984); the method of increasing 
contrast (raising the contrast until it is just barely detectable), 

however, has been found to provide reasonably stable and useful 
results (Ginsburg et al., 1983; Ginsburg & Evans, 1984). Spatial 
contrast sensitivity testing is being used increasingly in clinical 
research and practice (Nadler et al., 1990;  Patorgis, 1991).  The 
contrast threshold for high-frequency gratings provides roughly the 
same information as a visual acuity test (which can be interpreted as 
the highest spatial frequency or smallest spacing at which a high-
contrast stimulus can be discriminated).

Spatial contrast sensitivity measurements have been shown to 
predict real-world visual task performance better than traditional 
acuity testing, including field target detection by pilots, age 
differences in highway sign discrimination (Ginsburg, 1987), speed of 
detecting a target against a complex natural background (Shinar & 
Gilead, 1987), and identification of faces and common objects 
(Owsley & Sloane, 1987).  The ability of a driver to safely operate a 
vehicle and avoid obstacles and pedestrians, for example, at times 
requires identification of large objects and areas, often under 
conditions of low illumination and contrast.  High spatial frequency or 
visual acuity testing is more suited to predicting legibility of high-
contrast signs at a great distance.

Based on considerable research, it appears that central vision is 
served by a set of pathways tuned to different spatial frequencies for a 
given orientation, with at least six different spatial frequency pathways 
needed to encompass the range of human spatial frequency sensitivity  
(Olzak & Thomas, 1986; Wolfe, 1990).  The Vistech test charts 
designed by Ginsburg and his colleagues originally presented six 
spatial frequencies (1, 2, 4, 8, 16, and 24 c/d) at 8 contrast levels, but 
later versions use only five frequencies (1.5, 3, 6, 12, and 18 c/d).  
Even five spatial frequencies, however, may be more than are needed 
for most practical purposes.  

A typical spatial contrast sensitivity function is an inverted-U, 
with a single peak (greatest sensitivity) at a spatial frequency 
somewhere between about 2 and 10 c/d (depending on mean 
luminance, temporal characteristics of the stimulus, and other factors). 
Ginsburg et al. (1983) found that pilots’ identification of approaching 
aircraft was best predicted by contrast sensitivity at 8 c/d and above. 
Owsley and Sloane (1987) found that results at 6 c/d were the best 
predictors for detection and identification of objects, signs, and faces 
(except for face detection, with best prediction at 0.5 and 3 c/d). 
Regan (1991) and Pelli et al. (1988) suggest that, for clinical 
diagnostic purposes, only two frequencies need to be tested: a mid-
range frequency to determine contrast sensitivity at or near its peak 
(for which they provide series of letters at different grey-on-white 
contrasts), and a high frequency (which can be measured with a 
standard acuity chart).

The stimulus of choice for research is a sinusoidal luminance 
grating, in order to isolate the response of the visual system to a single 
frequency and a single mean luminance level.  At frequencies near and 
above the peak-sensitivity frequency, however, a square-wave grating 
(simple alternating dark and light bars, with no gradual transitions) 
yields the same pattern of results (after appropriate correction; 
Lamson, 1991b).  Results for sinusoidal and square-wave stimuli 
diverge only at very low spatial frequencies, well below 1 c/d, for 
which some of the upper harmonics of a square wave fall into a spatial 
frequency region of high contrast sensitivity; the spectrum of a square 
wave consists of the odd-numbered harmonics in geometrically 
decreasing power.  Given this observation, and given that mid-range 
and high spatial frequencies are apparently most suitable for 
predicting task performance, it follows that a simple but useful test 
procedure might assess contrast sensitivity with square-wave stimuli at 
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a mid-range spatial frequency (3-8 c/d) and a high spatial frequency 
(20 c/d or above).

TEST CHARTS
The design of a suitable visual test chart for use in photographic 

validation is constrained in several potentially conflicting ways.  
 A single chart should be used (if possible), rather than a series of 

charts for different frequencies or other characteristics, so that 
only one print needs to be validated.

 The chart should be small enough that it does not occupy a large 
portion of the camera field, obscuring areas of interest and also 
making it more difficult to achieve reasonably uniform 
illumination across the chart.

 A wide range of contrast levels should be used to avoid having 
all of the stimuli be too easy or too hard to detect under the scene 
lighting conditions.

 Contrast needs to vary in small steps so the chart will be sensitive 
to changes in viewing conditions.

 The chart should present appropriate spatial frequencies when 
viewed at the distance of interest.

 Testing should be quick in order to complete observations and 
photography during changing illumination conditions.

There may be no single best solution to these multiple constraints, 
and in any case it is necessary to have different charts available 
depending on the conditions to be studied.  For example, a 2 x 2.5 
inch chart has been used to examine visual conditions at an indoor 
stairway, whereas 30 x 40 inch charts have been used in connection 
with several motor vehicle accident investigations.  It is feasible to 
present a large number of spatial frequencies and contrast levels on a 
single chart, varying the two dimensions continuously -- e.g., using a 
multi-panel chart measuring nearly 7 x 8 feet, erected on a portable 
framework -- but restriction to a smaller set of frequencies allows the 
use of smaller charts.

Figure 1 shows a full-size reproduction of a 2.5 inch chart using 
simple square-wave stimuli of two spatial frequencies and six contrast 
levels.  The mean reflectance of each stimulus is approximately equal 
to the reflectance of the background grey area. From a viewing 
distance of 100 inches, the larger circles correspond to a spatial 
frequency of approximately 2.5 c/d and the smaller circles to 
approximately 10 c/d. Contrast (calculated as (Lmax-Lmin)/(Lmax+Lmin)) 
varies in the original chart from 0.9 down to 0.1.  As in the visual test 
charts used by Ginsburg, the circles are presented at three different 
possible orientations, so that the observer’s task is to choose the 
lowest contrast circle at each frequency that just barely allows 
identification of orientation.  

The basic stimulus used in this test chart - one light bar and 
portions of two flanking dark bars - is not a true square wave grating.  
Fourier analysis of the stimulus reveals a spectrum with frequency 
components that do not follow a simple harmonic series.  
Nevertheless, the strongest frequency component is the fundamental, 
corresponding to the reciprocal of the wavelength (in this case, twice 
the width of the lighter bar).  Therefore this chart can be used to assess 
contrast sensitivity for the two spatial frequencies indicated.

Figure 2 shows a chart in which the circular stimulus areas have 
been replaced by rectangles in order to increase the portion of the total 
area used by the square-wave stimuli, while incorporating eight 
contrast levels for each spatial frequency. Viewed from 100 inches, a 
2.5 inch chart of this design would yield stimuli corresponding to 
approximately 1.9 and 7.6 c/d (for the main spatial frequency 

components of the larger and smaller rectangles, respectively). Such 
economy of space is not critical for a small chart to be used at short 
viewing distances, but may facilitate investigations involving viewing 
at hundreds of feet away.

Maintaining constant mean reflectance across the chart, as in the 
Ginsburg test charts and those shown here, has the advantage of 
measuring contrast sensitivity at a single frequency and mean 
luminance under the given viewing conditions. Grey-on-white charts, 
such as the letter charts developed for clinical testing by Regan (1991) 
and Pelli et al. (1988), as well as grey-on-black charts, such as those 
developed by Holohan et al. (1989), necessarily confound contrast and 
luminance. For photographic validation, such confounding is not an 
important issue, and may increase the sensitivity of the validation 
procedure, although it complicates the discussion of visibility under 
the conditions studied. 

The usage of one of these charts for validating a photographic 
print is straightforward:

1. The visual conditions of interest are recreated (e.g., lighting, time 
of day, position of observer); the chart is placed in the scene at 
the position of interest.

2. The observer records contrast sensitivity thresholds based on 
observation of the chart.

3. A photograph is taken of the scene with the chart. (In practice, a 
variety of exposure settings is used to bracket the presumably 
best exposure and ensure a negative with adequate contrast 
resolution.)

Figure 1.  Visual test chart designed to present six contrast levels at 
each of two spatial frequencies.

Figure 2.  Visual test chart designed to present eight contrast levels at 
each of two spatial frequencies.
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4. A photograph is taken with identical camera settings after the 
chart is removed.

5. The negative of the scene with the chart is printed at a series of 
closely-spaced densities.

6. The observer selects the print that yields the same minimum 
detectable contrast level for the chart (when the print is viewed at 
a distance that recreates the visual angle that the chart subtended 
at the scene).

7. An identical print is made of the negative of the scene without 
the chart.

Several caveats need to be kept in mind when presenting such a 
validated print. First, the illumination of the print when shown to 
others needs to approximate the illumination under which the print 
was selected (although contrast sensitivity is not highly sensitive to 
small changes in overall illumination).  Second, a scene feature that is 
visible or detectable when attended to, whether in a print or at the 
scene itself, is not necessarily salient, especially if not looked at 
directly with central (foveal) vision. Third, the validation print 
represents what the investigating observer could see; any important 
differences between that person’s vision and the vision of other 
viewers of interest (e.g., a driver involved in an accident, or the 
observers who will view the print) need to be considered. 

As a final caveat, it is essential to note that a validated print does 
not necessarily show the scene as it appeared to the investigating 
observer.  The validation procedure is tied to accurately representing 
featural detectability, since it is based on psychophysical contrast 
thresholds.  In principle, it should be possible to use other 
psychophysical procedures to document the subjective magnitude of 
detectable aspects of the scene, such as the apparent brightness of 
objects or the apparent contrast between adjacent features (see, e.g., 
Biondini & de Mattiello, 1985; Ginsburg & Cannon, 1980; Quinn, 
1985); the observer would then attempt to generate a photographic 
print with the same subjective characteristics.  Such an extension is 
beyond the scope of the present work.

ADDITIONAL APPLICATIONS
In addition to its role in photographic print validation, a visual test 

chart can facilitate scene investigation in several other ways. One 
important application is for quantifying the perceptual conditions. For 
example, under ideal laboratory conditions, contrasts as low as 0.2% 
can be detected by an observer with good vision who attends to a 
stimulus (Laming, 1991a).  Under field illumination conditions, 
however, observation of a visual test chart will yield minimum 
detectable contrasts that are many times higher.  Thus, testing an 
observer’s vision at a scene can avoid the error of trying to apply ideal
laboratory data to scene conditions.

This approach can be extended to permit valid conclusions about 
the detectability of specific contrasts at the scene. A photographic 
negative or print depicting the scene with a visual test chart can be 
scanned (digitized). Scene features then can be quantitatively matched 
to regions of the chart with similar luminance, using appropriate 
software.  For reasonably large targets (i.e., where target width 
corresponds to a spatial frequency near or below that of peak contrast 
sensitivity), contrast detectability for portions of the test chart can be 
extrapolated to contrast detectability for the corresponding scene 
features, such as a target against its background. In order to make use 
of such matching, it is necessary to assume two things about the 
photographic process: that the process yields reasonably uniform 
response across the central area of the image, and that any chromatic 

differences between scene features and the test chart do not jeopardize 
the luminance matches. Furthermore, the photograph should have 
adequate resolution of contrasts (e.g., in a highly over- or under-
exposed print, it would not be possible to tell the difference between 
successive luminance levels in the chart).

A further logical extension allows determination of luminance 
estimates for scene features. If luminance measures are made at the 
scene of various areas in the visual test chart, then the luminance 
readings can be applied to scene features by matching with the chart: a 
scene feature such as an object in the roadway would have yielded 
approximately the same luminance reading as a region of the chart that 
matches the measured brightness (or photographic density) of that 
feature in the photograph.

Finally, a visual test chart captured in a photograph can be used in 
the same way as a standard photographic chart grey scale or color 
chart.  During printing, the density and color mix can be adjusted to 
achieve a reasonable apparent match of the photographic print to the 
chart. This can be difficult if the chart occupies only a very small area 
of the print, as would be appropriate for the psychophysical validation 
work described here, but may be used as a first approximation to a 
representative print, prior to printing multiple densities and using 
chart observations to select the best version.
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ABSTRACT

Representations necessarily lose some of the visual information available in corresponding real-world scenes.
This paper will discuss evaluations of the extent to which luminance contrast and visibility is preserved with
three different methods for representing real-world scenes.  Method one involves using psychophysical data
from contrast charts to select the best print from among a density-varied series of photographic prints.  The
second and third methods involve extending the dynamic range of the representation by using High Dynamic
Range Image (HDRI) techniques.  HDRI’s can be created by combining multiple overlapping exposures of a
scene, or via computer simulation.  In method two, algorithms are used to compress the luminance
information in the HDRI into the luminance range available in the display, while preserving visible contrast
as much as possible. The third method uses a wide-field, high-dynamic-range viewer to present an image with
a much wider dynamic range than is available in a photographic print or a CRT display.  Each method
represents an improvement over simple photographic representation. In conjunction with appropriate
instructions on how to interpret the images and the extent to which the images can be regarded as faithful,
methods such as these can support practical decisions in visual design and reconstruction.
Keywords: High Dynamic Range, Luminance Contrast, HDRI, Visibility, Tone Mapping, Radiance, Display
Methods

1. INRODUCTION

Compared to the human visual system, the technology commonly used for capturing and displaying visual
information is rudimentary and limited.  In the natural world, we can make use of scene information on barely
moonlit nights as well as on bright sunny days, with illumination (and reflected luminance) varying by over
106; at any given moment, luminance can vary by over 104 between scene features and still allow effective
visual processing.  Most camera lenses, films, and digital image processors are unable to capture information
accurately over such a wide luminance range, and most display methods (e.g., photographic prints, projected
images, and CRT displays) provide luminance ranges that are much smaller than natural scenes.

Generally, the limited luminance range for image capture and display is not a serious problem, as long as
some care is taken.  Photographs provide apparently satisfying depictions of sights and faces, and movies
show apparently realistic night as well as daytime scenes, whether viewed as projections in theaters or on
home television screens.  Such apparent realism, however, is illusory, based on perceptual mechanisms such
as brightness and color constancies that let the very limited luminance ranges presented stand in for the actual
conditions they are meant to depict.  Faithful representation of luminance contrast is more crucial than
presentation of absolute luminance levels.

                                                            
*ephillips@exponent.com; **gward@lmi.net; §tjayres@sbcglobal.net
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For certain applications, however, the limitations of typical capture and display technologies can be
problematic.  Judgments about the acceptability of a lighting scheme may be influenced by absolute as well as
relative luminances; e.g., a proposed set of luminaires may appear reasonable in a computerized rendering but
turn out to be too bright or leave shadows that are too harsh when constructed in reality.  Decisions about the
visibility of scene features can also depend heavily on absolute luminance levels, since human contrast
sensitivity varies with luminance. Therefore, numerous efforts have been made to increase the fidelity of
image displays and to assess the perceptual similarity between displays and actual scenes.

The rise in the use of digital processing has created a new demand for dealing with the luminance-range
problem.  For example, a series of exposures of a single scene can be combined into a single high dynamic
range image (HDRI), covering a wider luminance range than can readily be displayed in common technology
(e.g., Debevec & Malik, 1997). Similarly, HDRI's can be produced by software simulations of real or
hypothetical scenes (e.g., Ward Larson & Shakespeare, 1997).

There are two principal strategies for dealing with the limited luminance range of available displays.  One
approach is to compress the luminance range of the original captured or computed image information so that
it fits within the display range.  The other approach is to develop display technology for wider luminance
ranges.  With either approach, it is essential to assess the perceptual fidelity of the displayed scene according
to reasonable criteria such as visibility or discriminability of key features or affective reactions to the scene,
with the criteria defined and tied to the purpose for which displayed image is intended.

This paper describes work on three related projects to improve and assess the perceptual fidelity of displays.
The first involves utilizing the luminance range compression afforded by standard photographic film,
combined with psychophysical technique for selecting a photographic representation that conveys luminance
contrast over a range of interest.  The second involves the use of algorithms to compress a wider range of
digitally-captured luminance data into a range that can be displayed, while attempting to preserve luminance
contrast.  The third project involves development of a high dynamic range viewer so that the luminance range
of a digitally-captured or computer-rendered image will not need to be reduced as much as with standard
displays.

2. PSYCHOPHYSICAL VALIDATION OF PHOTOGRAPHIC REPRESENTATIONS

Any photographic negative film is useful over only a limited exposure or luminance range, the film is
completely washed out (black area in negative) if the exposure is too high, and completely unaffected (clear
area in negative) if the exposure is too low.  Between the extremes, the response of the film is non-linear,
with greater compression at high and low exposures than over the mid range.  Photographers often attempt to
limit the luminance range of the scene to be photographed (e.g., by selection of lighting, or by filters) so that
much of the scene luminance will fall within a range that can be captured by the film.

In order to produce a photographic representation (e.g., a print or projected slide) that accurately portrays
some aspect of the original scene, a technique is needed to establish relevant perceptual correspondence
between the scene and the representation.  Building on prior work with test patterns (e.g., Baker & Fricke,
1986; Holohan et al., 1989; Hull et al., 1996) as well as research on visual perception (e.g., Campbell &
Robson, 1968; Ginsburg, 1986), Ayres (1996) described a method using a contrast sensitivity test chart.  The
test chart, placed in the scene to be photographed, allows an observer to estimate her contrast sensitivity
threshold for stimuli near the peak of the human spatial contrast sensitivity function (2-10 cycles/degree) and
a higher spatial frequency.  Such a test chart is shown in Figure 1. Later, the observer selects a photographic
representation (e.g., from a series of prints varying in density) which yields the same contrast sensitivity
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thresholds when viewed at an appropriate distance and under specified lighting conditions (i.e., she can see
the chart just as well in the representation as she could at the scene).

This psychophysical validation procedure is limited by the characteristics of the photographic process.  There
is no assurance that luminance contrast will be preserved for luminances substantially greater or less than
those presented by the test chart. The procedure provides an objective means for matching certain perceptual
aspects of a scene to those of a representation, as long as the luminance range limitation is considered.

Figure 1.  Contrast chart developed by Ayres (1996) and used for matching visibility in conventional photographs.

3. ALGORITHMIC LUMINANCE RANGE COMPRESSION

Recent years have seen a great deal of interest in improving computer graphics displays.  A variety of tone-
mapping operators have been proposed and developed to optimize the translation of information from HDRI's
to available displays.  Algorithms based on knowledge of the human visual system help preserve local
luminance contrast and thereby improve the perceptual fidelity of the display despite the overall loss of
information caused by range compression.  McNamara et al (2000) demonstrated the value of tone-mapping
with subject experiments that built on the first serious development of tone-mapping for computer graphics
by Tumblin and Rushmeier (1993).  Another early tone operator that attempted to match display visibility to
visibility in real scenes was the contrast-based scalefactor of Ward (1994), which applied a simple
correspondence formula based on the visual sensitivity studies of Blackwell (CIE 1981).  This idea was
extended and combined with simple models of time adaptation and color sensitivity in the operator of
Ferwerda et al of Cornell University (Ferwerda 1996).  The Cornell model was further developed into a
complete (though static) model of human visual response, including color, contrast, and spatial frequency
response in medium to high dynamic range scenes (Pattanaik et al 1998).

0361



The algorithm developed by Ward Larson et al. (1997) is simpler than the Cornell model and accounts for
aspects of vision such as the effects of glare and changes in color and contrast sensitivity and acuity in high
dynamic range scenes.  In a recent evaluation (Ledda et al., 2003), 40 subjects viewed a modified version of
the Ayres (1996) test chart (with the small targets 50% as large as the larger targets); they also viewed a
photographic representation of the scene on a CRT display (from an HDRI based on the Ward Larson et al.
algorithm).  It was found that contrast sensitivity for larger targets (1 cycle/degree) was nearly as good with
the CRT display as with the actual charts; however, if human visual effects such as glare were not included in
the tone-mapping algorithm, the CRT-displayed representations were too good (i.e., too many low-contrast
targets could be seen).  Similar results were obtained in a study reported by Ward (2002).  Thus, the use of the
tone-mapping algorithm with human vision factors incorporated led to CRT representations with moderately
reduced perceptual fidelity regarding luminance contrast. Further work is needed to ensure luminance contrast
closer to the real scene, especially for smaller targets (i.e., higher spatial frequency information).

4. HIGH DYNAMIC RANGE VIEWER

Photographic prints, project images, and CRT displays offer only limited luminance ranges, necessitating the
use of significant compression in order to accommodate DRI's.  High dynamic range displays, on the other
hand, permit greater preservation of luminance contrast. Ward (2002) describes a prototype stereographic
viewer using a bright, uniform backlight and LEEP ARV-1 optics to yield a 104 luminance range with two
layered transparencies.  This HDR viewer presents a maximum luminance of 10,000 cd/m2 with a viewing
field that is 120° side-to-side.  This viewer is shown in Figure 2.  Transparencies may be generated using
computer graphics lighting simulation and rendering techniques, or HDRI photography.

Ledda et al. (2003) found that contrast visibility for an HDRI of a scene containing a test chart was closer to
real-scene viewing performance using this high dynamic range viewer relative to a CRT display.  In fact, their
study determined that there was no statistical difference between the contrast chart’s visibility on the HDR
viewer versus the real scene.  Because the scene contained bright sources directed at the subjects, adjacent to
a dimly lit chart, disability glare had a significant effect on real scene visibility.  Their test scene is shown in
Figure 3.  Their experiment seemed to demonstrate that the HDR display method has sufficient range and
fidelity to reproduce this important effect in a representation.  In subjective evaluations, the participants
reported that the scene displayed in the viewer was much closer than the CRT to the appearance of the real
scene.

Figure 2.  A high dynamic-range stereoscopic viewer using two transparency layers to achieve minimum to maximum
luminance of 1 to 10,000 cd/m2.
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Figure 3.  The test scene used by Ledda et al (2003) to validate the high dynamic range viewer.

5. CONCLUSIONS

Every representation or display of a visual scene involves some degree of compromise, since it is not yet
possible to recreate the full range of spectral, spatial, and luminous detail that is encountered by the human
visual system in normal experience of scenes.  Practical decisions based on visual displays can benefit from
improved displays as well as from understanding the limitations of displays.  A photographic print that has
been selected to match certain perceptual characteristics of the corresponding scene (e.g., luminance contrast
sensitivity at several spatial frequencies, as described in this paper) can support reasonable judgments about
the original scene as long as restrictions such as those related to luminance range and static representations
are made clear.  Tone-mapping algorithms can provide a means for compressing a wider luminance range of
an HDRI into the limited range available with a print or a CRT screen, with fairly good preservation of local
luminance contrast, although some display formats (e.g. CRTs) cannot reproduce high spatial frequency
information faithfully.  The recent development of a stereoscopic high dynamic range viewer permits a closer
approximation to normal visual experience for static scenes, as is borne out by test results and subjective
evaluations to date.

Each of these method represents an improvement over simple (unvalidated) photographic representation.
Given an understanding of the limitations of each approach, methods such as these can support practical
decisions in visual design and reconstruction.
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Nighttime Photography  It Like It Is
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ABSTRACT

A  t e c h n i q u e  i s  p r e s e n t e d  t o  p r o d u c e  a
photograph that accurately illustrates the limits of
perception for an observer’s view of objects under
night lighting. This may be used to show others
t h e  r e s u l t s  o f  a n in ve s t i g a t i o n  of  v i s ib i l i t y
problems associated with  a  night t ime col l i s ion.
The method, which involves the observer viewing
signs of varying s h a d e s  o f  at  the s i te
appropr ia te condit ions,  and the  product ion of  a
r a n g e o f  p h o to g r a p h ic  p r in t s f r o m  w h i c h  t h e
c o r r ec t  d e n s i t y level  i s  se lec ted,  i s  descr ibed.
F in d in g s  f ro m v a l id a t i o n  t e s t i n g  a r e  d i s c us sed
i n c l u d i n g  t h e  e x p e c t e d  a c c u r a c y  a n d  p o s s i b l e
difficulties.

P H O T O G R A P H Y  O F  A  CO L L I S I O N  S I T E  i s  a
frequently-used a n d  w i d e l y - a c c e p t e d  m e a n s  o f
i l lustrat ing circumstances observed by a  person
investigating or reconstructing a collision. Few
p erson s  h av e  d i f f i c u l t y  f e a tu r es  t ha t

appear i n  d a y t i m e  p h o t o g r a p h ,  s u c h
t r e e s  a n d  s i g n s  t h a t o b s t r u c t  a  d r i v e r ’ s
vision, a n d  i t  i s  r e l a t i v e l y  e a s y  f o r  e v e n  a n
a m a t e u r p h o t o g r a p h e r  t o  p r o d u c e  a
p h o t o g r a p h  a c c e p t a b l e  a t  f a c e  v a l u e  a s
representing the appearance of the scene.

It  is far  more diff icult  to i l lustrate what  a
d r iv e r  o r  o t h e r  o b s e r v e r  ma y  h av e  s e e n  d u r in g
darkness or under conditions of low illumination,
s i n ce  t h e r e  i s  n o  s t r a ig h t f o rw ar d  p r o c ed u r e  f o r
exposing and pr int ing fi lm,  that  wil l  produce  a
p r i n t  t h a t a cc u r a t e l y  r ep r e se n t s  t h e  o b se r v e r ’ s
v i e w, E v e n  i n  l o w  l i g h t i n g  s u c h  a s  t h a t
commonly provided  a vehicle’s headlamps, it is
not diff icult  to  a  p h o t o g r ap h  th a t  s h o w s
the scene well into the distance almost as clearly
a s  b y  d a y l i g h t ; a n d  a n o t h e r  p r i n t  c o u l d  b e
produced showing inky blackness.

A n  o b v i o u s  m e t h o d  t h a t  h a s  b e e n  u s e d
involves sui table photographs be ing taken a t  the
sce n e  a nd  p r in t ed  a t  a  v a r i e ty  o f  d e n s i t i e s .  An
observer then returns to the scene under identical
c o n d i t i o n s a n d t h a t  p h o t o g r a p h
c o r re sp o n d i n g  mo s t  c lo s e l y  t o  i t s  a p p ea r a n ce .
T h i s  c a n  b e  c u m b e r s o m e  ( r e q u i r i n g  t w o  s i t e
a  u n d e r  c o r r e c t  c o n d i t i o n s ) ,  a n d
subject to substantial difficulties in comparing the
poorly-lit scene with the photographs, which
be viewed at a higher  of i l lumination. The
process is limited by the required dark adaptation
of the human eye. A further disadvantage,
an  e ng in e e r in g  po in t  o f  v i ew , is that it relies
u p o n  th e  o b se r v e r ’ s  wi th  n o  s t an d a rd
by which i ts  accuracy can be  judged. This is a
p a r t i c u l a r  p r o b l e m i n the case  of a  potent ia l ly
biased  observer  o r an  observer  not  fami l ia r  with
procedures of this nature.

P r ev io u s  e f f o r t s  placing a  ser ies  of
s i g n s  c o m p r i s i n g b l a c k  n u m e r a l s  o n  a  w h i t e
background, at  set  in tervals  f rom the foreground
t o  t h e  b a c k g r o u n d  p a s t  t h e  i t e m s  o f  i n t e r e s t .
The  l imit  of  vis ibi l i ty was taken to be the  most
r e m o t e  s i g n  f o r  w h i c h  t h e  n u m b e r  c o u l d  b e
recognized. This, or a quite similar, method has
been used or advocated by others

Placing s igns b e t we en  t h e  f o r eg r o u n d  a nd
the background can be he lpful  in  establ ishing a
represen ta t ive  in  some c ircumstances,
b u t  o f t e n  p r e s e n t s  t h r e e  m a j o r  d i s a d v a n t a g e s .
The procedure is not: feasible in locations where
the  s igns cannot  be  posi t ioned in  a  clear  l ine of
sight suitably ahead of, or beyond, the objects of
interest. In situations involving artificial lighting,
the sign at the l imit  visibi li ty may be under
s i g n i f i c a n t l y d i f f e r e n t  i l l u m i n a t i o n  t h a n  t h e

o f w h i c h  m a y result in a
d i s p r o p o r t i o n a t e r e l a t i v e  p r o m i n e n c e i n  t h e
reproduct ion. T h e does  not  readi ly
accommodate a means  minimize possible bias on
the part of the observer.

 Numbers  in parentheses designate references
at end of paper.
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I n  v i e w  o f  t h e s e  d i f f i c u l t i e s ,  a  s y s t e m a t i c d u e  t o  t h e  i n c r ea s e d  h a z a r d s There have
m e t h o d  w a s  d e v e l o p e d  t h r o u g h  a  n u m b e r  o f been many experimental studies of the limits
iterations to allow the production of a photograph o f  n i g h t  d r i v i n g v i s i o n  1  a n d
that , subjec t  to  l imi ta t ions  d iscussed  be low, can t h e o r e t i c a l  h a v e  a t t e m p t e d  t o
b e  d e m o n s t r a b l y  e q u i v a l e n t  t o  t h e  v i e w  o f  a predic t  v i s ib i l i ty f r o m  m o to r  v eh i c l e s  a t  n ig h t
particular observer in night visibility. During its  t h a t  t o g e t h e r  i l l u s t r a t e  m a n y  o f  t h e
development, characteristics and limitations of the d i f f i c u l t i e s  a n d  u n c e r t a i n t i e s  i n h e r e n t  t o  t h i s
method have been examined. subject.

VISION AND PHOTOGRAPHY

A  p e r s o n  w i t h  a n  i n  r e c o r d i n g  a n
observer ’ s  is usually concerned with
t h e  l i m i t s o f  p e r c e p t i o n ,  i n v e s t i g a t i n g
c o n d i t i o n s  u n d e r  w h i c h  a n  o b j e c t ,  s u c h  a s  a
p e d e s t r i a n , a  p a r k e d  a u t o m o b i l e  o r  a  r o a d
obstruction, m a y  b e  v i s i b l e . This involves
c o n s i d e r a t i o n  o f  t h e  e f f e c t  o f
b a c k g r o u n d  c o n t r a s t ,  o b j e c t  s i z e  o t h e r

The work reported here is  directed only
to  the  problem of  provid ing  su i tab le  i l lus t rat ive
photographs, after determination of the visibility
conditions.

W h a t  a  d r i v e r  m ay  s e e  i s  a l s o  a f f e c t ed  b y
t he  n i g h t  a da p t a t i o n  o f  h i s  e y e s ,  w he r eb y  th e i r
sensi t iv i ty  increases  asymptot ical ly  over  a  per iod
of many minutes, but  decreases  very  rap id ly
o n  e x p o s u r e t o  l i g h t  ( 3 ) . T h e  ey e ’ s
s e n s i t i v i t y  i s  d e t e r m i n e d  b y  a d a p t a t i o n  t o  a n
overa l l  l evel  of  i l lumina t ion;  s ince  the  dr iver’ s
v i s u a l  f i e l d  i n c l u d e s  a r e a s  o f  w i d e l y  v a r y i n g
luminance that change dynamically as the vehicle
proceeds  a long the  cont ras t  sensi t iv i ty  a lso
varies over time.

A  s ea r c h  o f  t h e  l i t e r a tu r e  i d en t i f i e d  l i t t l e
o ther  work  tha t  spec if ica l ly  addressed  techniques
t o  p r o d u c e  p h o t o g r a p h s  c o r r e s p o n d i n g  t o  a n
o b s e r v e r ’ s  n i g h t t i m e  p e r c e p t i o n . T h e  s u b j e c t
i n v o l v e s s e v e r a l i n t e r - r e l a t e d a r e a s  o f
specialization, including the physiology of the eye,
p s y c h o l o g i c a l  a s p e c t s  o f  p e r c e p t i o n ,
illumination sensing, and photography.

M o s t  e f f o r t s  a t  t h e  p r e s e n t a t i o n  a n d
recording  of  n ight  images  have  concent ra ted  on
obtaining the brightest, clearest or in some sense
“ b e s t ” i m a g e , w h e t h e r  f o r  s u r v e i l l a n c e
c o m m e r c i a l  o r  a r t  p h o t o g r a p h y

w i t h  v e r y  l i t t l e  c o n s i d e r a t i o n  o f  i t s
c o r r e s p o n d e n c e  t o an  observer’ s  percept ions  o f
the scene.

The human eye/brain sensory and perceptual
systems are complex, but extensively studied (e.g.

It is well known that the eye has two types
of sensors, called rods and cones, The cones are
par t icu la r ly  dense  a round the  fovea ,  a t  the  back
of the retina, and, under “daytime” light levels in
e x c e s s  o f  a b o u t  o n e  t h e y  p r o v i d e
w h a t  i s  k n o w n  a s  v i s i o n  w i t h
r e s o l u t i o n At lower light levels the
c o n e s  b ec o m e  p r o g r e s s i v e l y  l e s s  e f f e c t i v e ;  t h e
c o n t r i b u t i o n  b y rods b e c o m es  r e l a t i v e l y
g rea te r ; and  r eso lu t ion  decreases .  o r
night vision is pure rod vision below about 0.0 1

 d o w n  t o  t h e  l o w e s t  t h r e s h o l d  o f
vision. Night driving encompasses a wide range
o f  l u m i n a n c e  l e v e l s ,  l a r g e l y  w i t h i n  t h e
intermediate range known as  vision (5).

I t  i s  d i f f i cu l t  i n  t h e  ex t r em e  t o  p r o d u c e  a
photograph from the driver’s seat that accurately
i l l u s t r a t e s  b o th  t h e  w e l l - l i t  f o r eg r o u n d  a n d  t h e
a l m o s t - u n l i t  a r e a s  o f  t h e  f i e l d  o f  v i e w .  A
photographic print cannot provide the same range
of  luminance  as  the eye can  accommodate . The
problem is accentuated by point light sources such
a s  b a c k g r o u n d  or  the  headlight  glare
of a facing vehicle.

While cones are sensitive to  rods are
not; further, rods and cones have differing overall
s p e c t r a l  s e n s i t i v i t i e s  w h e r e b y  t h e  m a x i m u m

 o f  t h e  r o d s is  a t  a  lower  wave length
than  tha t  of  the  cones . Colour  is  not  so lely  a
p r o p e r t y o f  o b j e c t s , b u t  r e s u l t s  f r o m  a n
in te ract ion  be tween radiant  energy  and  v isual
system. T h e  p s y c h o p h y s i c a l  r e l a t i o n s h i p s  a r e
c o m p l e x a n d  t h e r e  a p p a r e n t l y  i s  n o t  a n
e s t a b l i s h e d  m e t h o d  f o r  t h e  r e l a t i v e
c o n t r a s t  o f  i t e m s  o f  d i f f e r i n g i l luminat ion ,
re f lec tance , a n d  s p e c t r a l  c o n t e n t  i n  t h e

 of vision.

Light  enter ing  a  camera  i s  conver ted in to  a
 p r i n t  i m a g e chemically altering three

l a y e r s  o n  t h e  f i l m , and then on the paper, of
differing spectral sensitivity. This is analogous,
but  not  ident ica l , to the process involving three
ty pes  o f  c o n e s  r e c o g n i z e d  i n  t h e
eye . Colou r  d is to r t ion  in  a  n ight  pho tograph,
r e l a t i v e  t o  t h e  p e r c e i v e d  s c e n e , a l s o  m a y  b e
ant ic ipa ted: t h e sensitivity in film does
n o t  d im i n i s h  a t  l o w  l i g h t  l e v e l s  i n  t h e  m a n n e r
that it does in vision; the film cannot easily be
ba lanced fo r  the  ambient  l ight ing  charac ter is t ics ;
a n d  t h e  d i f f e r e n t  w i l l  b e
a f f e c t e d  t o  d i f f e r i n g  by  u se  o f  t he  f i lm
b e y o n d  i t s  l i n e a r  r e s p o n s e  r a n g e . Established
photographic calibration m e th o d s  cannot be
u s e d  b e c a u s e  a n  p e r c e p t i o n s  a t  n i g h t
d if fe r  f rom those in the good l ight ing  condit ions
under which the print is to be assessed.

V i s i o n  i s  t h e  p r i m a r y  s e n s e  r e q u i r e d  f o r
driving, and has been examined in this respect by
many r e s e a r c h e r s  ( e . g . Visual aspects of
n ight  dr iv ing have at  par t icu la r  a t ten t ion

T h i s  b r i e f  d i s cu s s i o n  o f  t h e  w i d e - r a n g i n g ,
although far from comprehensive, literature review
i n d ic a t e s  t h a t  n o  can  pu rpor t  t o  be  a
t o t a l l y a c c u r a t e r e p l i c a o f  a n  o b s e r v e r ’ s
perception under night conditions. However,  the
extensive use of charts, s u c h  a s  t h e  e y e
t e s t  c h a r t , a n d  p h o t o g r a p h i c  r e s o l u t i o n  t e s t :
t a r g e t s  ( 1 9 )  i n d i ca t e  t h a t  t h e  u s e  o f  a  s u i t ab l y
designed ta rget  in  the  f ie ld  of  v iew can  be  used
t o  p r o d u c e  a f a i t h f u l  r e p r e s e n t a t i o n  o f  t h a t
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t a r g e t , a n d  i t  m a y  b e  h y p o t h e s i z e d  t h a t  t h e
objec t  o f  in te res t wi l l  then  appear  in  the  image

 an  accep tab le  r ep re sen t a t ion  o f  t he  observer ’ s
perception.

PRODUCING A  REPLICA

A series of signs is used in the part of the
scene o f  i n t e r e s t  t o  e s t a b l i s h  t h e  t h r e s h o l d  o f
vis ib i l i ty  of  the “obs e rve r” ,  the  per son v iewing
t h e  s c e n e f o r  t h i s  u n d e r  p e r t i n e n t

 c o n d i t i o n s . T h e  s i g n s  h a v e  a  b l a c k
background and ten different symbols each having
 distinct reflectance. A photograph of the area,

 the  chosen  s igns ,  i s  pr in ted  a t  a  var ie ty
o f  d e n s i t i e s . T h e  p r i n t  i n  w h i c h  t h e  s i g n s
s i g n i f y i n g t h e  l i m i t  o f  v i s i b i l i t y  a r e  b a r e l y

c o r r e s p o n d s  b e s t  t o  t h e  a c t u a l
overall view of the scene.

T H E  M E T H O D T h e  u s e  o f  s y m b o l s  o f
varying reflectance on a m a t t e b l a c k  b a c k g r o u n d
al lows the  s igns  to  be  pos i t ioned a t  the  objec ts

 i n t e r e s t a n d t h u s ,  t o h a v e  t h e  s a m e
illumination. Differing symbols randomly displayed
p e r m i t s  a n y  p o t e n t i a l f o r  o b s e r v e r  b i a s  t o  b e

Ten re f lec tance  leve ls  fo r  the  symbols  were
e s t a b l i s h e d  a t  n e a r l y  e q u a l  d e n s i t y  i n t e r v a l s
between white and almost black, with reference to
a K o d a k s c a l e and by a little
e x p e r i m e n t a t i o n  a d d i n g  p a i n t  t o  a  w h i t e
base. At given ambient illumination, the symbol
l u m i n a n c e  d e p e n d s  o n  i t s  r e f l e c t a n c e .  A s
r e f l e c t a n c e  i s r e d u c e d  ( c o r r e s p o n d i n g  t o
increas ing ly d a r k  t o n e s  o f  t h e  s y m b o l  i s
progressively m o r e  d i f f i c u l t  t o  s e e  u n t i l ,  a t  a
c e r t a i n  c o n t r a s t  t o  t h e  b a c k g r o u n d ,  t h e
eye  can  no  longer  d is t inguish  i t  suf f ic ien t ly  wel l
t o  i d e n t i f y  i t . U n d e r  t h e  p e r t i n e n t  l i g h t i n g
conditions, t h i s  t o n e  d e f i n e s  t h e  t h r e s h o l d
con t ras t . E a c h tone is taken to have a
“ c o n t r a s t num ber” h a v i n g  a n i n t e g e r value
b e t w e e n  a n d  1 0  f r o m  l i g h t e s t  t o  d a r k e s t .
F in d i n g s o b t a i n e d  i n using s i g n s  f r o m  t w o
d i f f e r e n t  s e t s  i n  p a i r s ,  i n d i c a t e  t h a t  a  f i n e r
d i v i s i o n  o f  t h e  s c a l e  w o u l d  n o t  p r o d u c e  a
better photograph.

F i v e  a l p h a n u m e r i c  a n d  t h e i r
reverse images, having apparent  complexity
i n v o l v i n g s i x  o r f i v e  b a r s  i n  t h e  s e v e n - b a r
rec tangu la r  fo rm at , w e r e  s e l e c t e d  a s  t h e  s e t  o f
symbols (Figure 1). T w o  the  reverse  images
are identifiable as other characters. The symbol
se t  i s  com pa rab le  charac te r s  used  by  o thers
as  ta rge ts  fo r  reso lu t ion  tes ts Dissimilar
r e c o g n i z a b i l i t y  o f  t h e  s y m b o l s  h a s  n o t  b e e n  a
s igni f ican t fac to r  in  f indings  obta ined  using  the
signs. Af te r  very  l i t t le  o b s e r v e r s  w e r e
able  to  r ecognize the reverse symbols as readily
as the more common characters.

T h e  s y m b o l s  h a v e a stroke width of 90
millimetres, a  h e i g h t .  o f 5 4 0  a n d  a
width of 360  and are  on a  600 by 400

 b a c k g r o u n d . T h e  h e i g h t  a n d  w i d t h
were selected relative to the stroke width, with
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Figure 1: The  of symbols

c o n s i d e r a t i o n  o f  a e s t h e t i c a l l y  p r e f e r a b l e
proportions. The  s t roke  wid th  was  chosen wi th
cons idera t ion  o f  the  normal  v isua l  acui ty  o f  one
minute  taken  for  wel l - l .  h i g h - c o n t r a s t
type eye  char ts . An equivalent viewing distance:
o f  3 0 0  m e t r e s  i n  i l l u m i n a t i o n  w a s
assumed. The  reduc t ion  in  r eso lu t ion  in  n igh t :
s c e n e s  e s t i m a t e d  f r o m  b y  o t h e r s
h a s  b e e n  p r o v e n  t o  h a v e  b e e n  a c c u r a t e ,  i n  t h a t
t h e  s i g n s  h a v e  b e e n  f o u n d  t o  b e  u s e f u l
observations at  distances of more than 100 metres
t o  a s  c l o s e  a s  3 0  f r o m  t h e  o b j e c t s  o f
interest.

T h e  s i g n s  w e r e  m a d e  f r o m  t h r e e
th ick T he y  coded for the contrast
n u m b e r a l o n g t h e s c a l e , t h e  s y m b o l
ident i f ica t ion  and the  set. They  a re  s to red
in sequence, in  a  ca se  inc ludes  a  s lo t  a t  the
front for display of the selected unit. The case
a lso  inc ludes  a  pa i r  of  ha l f -wid th ,  h inged  doors
on the front for control  the  disp lay  t ime. use
o f  t h e  s i g n s  u n d e r  t h e  s a m e  c o n d i t i o n s ,  e x c e p t
with  v iewing  per iods  of  roughly  one  ha l f  second
and ten seconds, revealed very little difference in
t h e  a b i l i t y o f  a n  o b s e r v e r  t o  r e c o g n i z e the
symbols.

T h e  s i g n s  c a n  b e  e m p l o y e d  i n  a  s i m p l e
fash ion  by d isp laying  a  number  of  them toge ther
o r  in  sequence ,  for  the  to select the one
which signifies the limit of visibility. This might
be  usefu l  for  a  ca re fu l , independent observer but
t h e  s u b s t a n t i a l  p o t e n t i a l  o f  a  b i a s e d  r e s u l t  i s
obvious. A major benefit is realized by display of
t h e  s i g n s ,  o n e a t  a  t i m e  i n  n o  r e c o g n i z a b l e
s e q u e n c e , f o r  a t t e m p t e d  i d e n t i f i c a t i o n  b y  a n
observer who was involved in a specif ic incident
under  i nves t iga t ion . In this situation, two sign
s e t s  a r e  u s e d , e a c h  i n c l u d i n g  t h e  t e n  s y m b o l s
(Figure 2) no particular  sequence with regard
t o  t h e  c o n t r a s t  b u t  n o t  h a v i n g  a n y
s y m b o l  a t  t h e  s a m e  c o n t r a s t  n u m b e r  a s  t h a t  o f
the  same sym bo l  in  the  o ther  se t . T h e  u s e  o f
signs displayed randomly from two sets minimizes
the possibility of the observer being influenced by
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Figure 2: One set of signs

an e x p e c t a t i o n  f r o m  a n  e a s i l y - r e m e m b e r e d
sequence.

T h e  d i s p l a y  c a s e s  p o s i t i o n e d  a t  t h e
appropriate e levation as  c lose  a s  i s  p rac t i ca l  t o
the objects of  interest. A sign is selected from
e i t h e r  s e t , n o t  n e c e s s a r i l y  a l t e r n a t e l y ,  a n d  i s
p l a c e d  i n  e i t h e r  c a s e in  an  i r regu la r  sequence
whi le  the  v iew of  the  observer  i s  m asked . The
s i g n is e x p o s e d  t o t h e  o b s e r v e r  f o r  t h e

 p e r i o d . T h e  d e t e r m i n a t i o n  b y  t h e
o b s e r v e r  a n d  a n  a s s e s s m e n t  o f  c e r t a i n t y a re
r e c o r d e d  i n  a  t a b u l a r  l i s t i n g  a n d  a  g r a p h i c a l
f o r m a t w h i c h  t r e n d  o f  t h e  s e q u e n t i a l
observations is apparent. The process  is repeated

 the  re sul t s  def ine  the  s igns ,  one  f rom  each
set, tha t  s igni fy  the  of  vi s ib i l i ty  for  the
ob s e rve r . A  p r e p a r e d  f o r m is helpful for this
purpose (e.g. Figure 3).

F o r  t h e  f i r s t  p h a s e  o f  t h e  m e t h o d ,  a n y
cont ro l lab le  a r t i f ic ia l  l igh t ing  i s  ad jus ted  to  the
co r rec t  loca t i on , intensity and direction; and the
observer is  positioned in the relevant  sett ing unti l
the end of a period for eye adaptation to the
low-level illumination. The objects of  interest do
no t  hav e  t o  be  p res en t . I t  m ay be  des i r ab le  to
have  them  absent  i f  obs erv er  w as  a  pa r ty  in
t h e  i n c i d e n t  a n d  t h e r e  i s  a  p o s s i b i l i t y  t h a t  t h e
t e s t i n g  t h e  r e c o l l e c t i o n  o f the
m at te r . Otherwise, i t  i s  pre fe rab le  to  have  the
o b j e c t s  i n  p l a c e for viewing wi th  the  s igns ,  to
a c c o m m o d a t e  a a s s e s s m e n t  o f  t h e
p h o t o g r a p h  s e l e c t e d  l a t e r ,  a s  d e s i r e d . The
recording of specif ic details about  the
o f  the  ob jec ts  i s  he lp fu l  in  th i s  r espec t ,  a s  we l l
a s  b e i n g  u s e f u l  f o r  a  s i m p l e  d e s c r i p t i o n  o f  t h e
extent of visibility.

O n e  p e r s o n  r e c o r d s  a n d  m o n i t o r s  t h e
observations, s e l e c t s  t h e s igns  for  d isp lay ,  and
decides when sufficient sign; have been displayed
to determine the limits of visibility. One person
communicates the observations to the area of  the
s i g n s  b y  r a d i o . T h i s  c a n  b e  t h e  b u t ,
preferably, is  an intermediary who also can assist

i n  t h e  c o n t r o l  o f  t h e  v i e w  o f  o b s e r v e r  a s
necessary. At  le as t  one  a ss i s t an t  i n  the  a rea  o f
the signs is quite helpful.

For the second phase, any involved artificial
lighting remains at  co r rec t  loca t ion ,  in tens i ty
a n d  d i r e c t i o n ; the  s igns  s igni fy ing  the  threshold
of visibility, a re  p l aced  in the correct posi tions;
and the observer is  rep aced by a  camera. A 35

 c a m e r a  a n d ’  f i lm can be
s u i t a b l e  b u t  a  l a r g e r n e g a t i v e  f o r m a t  a n d
professional f i lm  may be  pre fe rab le . The lens
f o c a l  l e n g t h  i s  t h a t  w h i c h ,  i n  c o n j u n c t i o n  w i t h
the print s ize to be obtained, will  produce a  print
tha t ,  a t  the  p re fe r r ed  v iewing d is tance ,  wou ld  be
a n  o v e r l a y o f  t h e  s c e n e . A n  i n c i d e n t  l i g h t
r e a d i n g  i s o b t a i n e d  a t t h e  a r e a to be
p h o t o g r a p h e d  a n d  t h e  c a m e r a  e x p o s u r e  i s  s e t
accordingly, to  ob ta in  t he  bes t  r e so lu t ion  in
film. P ho tog raphs a r e  t a k e n  a t  o n e  f - s t o p
i n c r e m e n t s f o r  t w o  a n d  t w o  l e s s e r
exp osu re s . I f  t h e  s i g n s  w i l l  b e  a  s i g n i f i c a n t
d i s t r a c t i o n  i n  t h e  i l l u s t r a t i o n  o f  t h e  s c e n e  t o
others, the photography is repeated with the signs
removed. Encoding  of  the  nega t ive  f rames  by  a
c a m e r a  d a t a  b a c k  i s  d e s i r a b l e ,  p a r t i c u l a r l y
p h o t o g r a p h y  i n  s e t - u p s . Professional
photography may be beneficial.

In the third phase, the film is developed and
p r i n t e d  w i t h  n o  i n  t h e  p r i n t
T h e  n e g a t i v e  t h e  b e s t  r e s o l u t i o n  i s
determined from examination of the prints.
nega t ive  then  i s  p r in ted  a t  a  se lec t ion  o f
l e v e l s  i n  a  s e q u e n c e  t h a t  s u i t a b l y  b r a c k e t s
b o r d e r l i n e  l e g i b i l i t y  o f  t h e  s y m b o l s . I f  t h e
o b j e c t s  o f  i n t e r e s t we re  pho tographed  wi th  the
s i g n s a b s e n t , t h e  c o r r e s p o n d i n g  n e g a t i v e  i s
p r in t ed  s im i l a r ly in  t he  s am e  p roce ss ing . The
print density increments are not  precisely
comparable  to fi lm exposure increments but there
is a similarity in general. Prints at density levels
approximating half f-stop film exposure increments
are l ikely to be suitable  but wil l  exhibit distinct ly
discernible differences such  tha t  a  f iner  d iv is ion
may be desirable.

T h e  f i n a l  p h a s e  o f  t h e  m e t h o d  i n v o l v e s
s e l e c t i o n  o f  t h e  p r i n t  i n  w h i c h  t h e
s i g n s  t h a t  s i g n i f y the threshold of visibility for
the observer, are barely discernible when viewed
at  the correct  distance under appropriate light ing
(print image shadow detail will  vary significantly
e v e n  b e t w e e n  d i f f e r e n t  “ n o r m a l ” l i g h t i n g
conditions) . T h i s  c a n  b e  d o n e  b y  t h e
i n v e s t i g a t o r  w i t h o u t  o bse rver  i f  t ha t  per s on
m i g h t  b e  i n c l i n e d  t o m a k e  a  b i a s e d  s e l e c t i o n ,
perhaps because of involvement in the incident.

C O N D I T I O N S  A N D  C O N C E R N S  A T  T H E
S C E N E  - - W h i l e  t h e  f i r s t  p h a s e  o f  t e s t i n g
underway, t h e usually also assesses
t h e  l i m i t s  o f  u s e f u l  p e r c e p t i o n  o f  a n  o b j e c t  o f
i n t e r e s t t he  o bse rve r . Co ns ide rab le  ca re I S

necessary in undertaking such assessments, and is
essen t ia l  i f  the  obse rva t ions  and  pho tog raphs  a re
to be related to an  i n c i d e n t . Some of the
circumstances to be considered are listed:
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NIGHTTIME PERCEPTION OBSERVATIONS FOR PHOTOGRAPHY- -- -

FILE: DATE: PAGE:

OBSERVER: START:

DEGREE OF CERTAINTY: At  enter  for definite,  probable,
 for maybe, or  no selection.

CONTRAST GRAPH:

1 of 2 6 of '7 

Figure 3: Form for recording sign observations at a site
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 t h e  s a f e t y  o f  t h e  o b s e r v e r ,  o c c u p a n t s  i n
passing vehicles and the test

 the  pos i t ion  and o r i enta t ion  o f  the  ob jec t  to
be viewed and photographed;

 t h e  s t a t e  o f  t h e  o b j e c t , i n c l u d i n g  t h e
cleanliness of any reflector on it;

 t h e o f  t h e  f o r e g r o u n d and
background to the object of interest;

 ambient illumination, including that from the
moon, b u i l d i n g  l i g h t s  a n d
reflected  from urban areas;

 snow, r a i n  f o g  t h a t  m i g h t  a f f e c t  t h e
relative contrast of the object in the scene;

 for  b y  a  v e h i c l e ,  t h e  v e h i c l e  t y p e
and  load ing ,  and  the  age ,  c leanl iness ,  a im,
s e t t i n g a n d  o p e r a t i n g  o f  t h e
headlights;

 for the view from a vehicle,  the condition of
the windshield;

 shielding the observer from the scene during
changes, and from glare from passing traffic.
T h e  h e a d l i g h t s  o f  a  v e h i c l e  f a c i n g  t h e

ob se rv er ’ s  pos i t ion  m ay  be  an  im por tan t  par t  of
the scene. The relatively very bright lights cause
veiling glare for an observer,  due to light scatter
within the eyes, that reduces the visibility of the
rem ainde r  o f  the  scene. To a  d i ffe rent  ex tent ,
they  a l so  a f fec t  a  photograph  by  f la re  and local
ove r -expos ure . I n  t e s t i n g  t h a t  h a s
been undertaken with and without headlight glare
us ing  a  sho r t  v i e w i n g  t im e ,  t h e  s y m b o l s
were less recognizable  with glare , resul ting in the
selection of a darker illustrat ive photograph which
was  i n  ag reem en t  wi th  the  observer ’ s  comments
abou t  the  scene . Further investigation is needed
t o  the  o f  t h e  m e t h o d  i n  s u c h
conditions.

FILM EXPOSURE AND PRINT DENSITY --
E a r l y  r e v e a l e d  c o n s i d e r a b l e
p r o b l e m s i n  p r o d u c i n g  a  u s a b l e  r a n g e  o f
pho tog raph ic  p r in ts b y  t h e  e x p o s u r e  o f
the film between frames. The width of the range
that could be obtained was limited and there was
substantial loss of resolut ion in the prints toward
the  ends  of  the  r ange . A, darker print  obtained
b y  s u b s t an t i a l l y  t h e  f i l m  p r o v i d e s
an  unsa t i s fac to ry  resul t ,  a s  very  sho r t  exposures
r e s u l t  i n  r e c i p r o c i t y failure, involving nonlinear
c h e m i c a l  r e s p o n s e o f  t h e  e m u l s i o n  l a y e r s ,  b y
w h i c h  l i g h t e r a n d  d a r k e r  a r e a s r e d u c e  i n
brightness at differing rates.

A properly-exposed negative of  a f ixed scene
u n d e r  l o w  l i g h t i n g  c o n d i t i o n s ,  i s  c a p a b l e  o f
hold ing more info rmat ion  than  i s  v i s ib le  to  the
human eye  by  v ir tue  of  i ts  ab i l i ty  to  accumulate
t h e i n c i d e n t l ight o v e r a l e n g t h y  p e r i o d
(exceeding the latency of the rods and cones) and
so  a  pr in t  m ay  be  c rea t ed  tha t  i s  c leare r  than  i s
s e e n  b y a n  o b s e r v e r , often without burning out
the brighter  parts of the scene. A good result is
obtained by printing a correctly-exposed negative
a t  g r e a t e r  d e n s i t y  b y  r e d u c e d  e x p o s u r e  o f  t h e
p r i n t  p a p e r .  d e n s i t y  l e v e l s  m a y  b e
o b t a i n e d  and  an  app ropr ia t e  r an ge
a n d  d e n s i t y leve l  s tep  s ize m ay be  se lec ted  to
encompass test

VALIDATION

 the  m e t h o d  o f  p r o d u c i n g  a
r e p r e s e n t a t i v e  o f  a  n i g h t  s c e n e  h a s
obvious  face  va l id i ty  in  genera l ,  cons idera t ion  i s
g iven  to  the  e f fec t :  of  poss ib le  var ia t ion  am ong
observers.

OBJECTIVES --- An experiment was devised
t o  t e s t  t h e  m e t h o d  a  n u m b e r  o f  s u b j e c t s .
Each person was required to view a scene on two
occasions. During the first, the subjects acted as
o b s e r v e r s a n d t h e  s i g n c o n t r a s t  n u m b e r s
s i g n i f y i n g t h e  t h r e s h o l d  o f  w e r e
established. On the second occasion, each subject
c h o s e  t h e  p h o t o g r a p h  t h a t  b e s t  i l l u s t r a t e d  t h e
s c e n e  j u s t  v i e w e d , f rom pr in ts  not  showing the
symbols. T h e  d e n s i t y  o f  t h e  c h o s e n  p r i n t  w a s
c o m p a r e d  t o  t h a t  o f photograph in which the
s y m b o l s  o f  t h r e s h o l d  c o n t r a s t w e r e  b a r e l y
recognizable.

The experiment was used for investigation of
the significance of a number of variables:

 t h e  e x t e n t  t o  w h i c h  t h e  d e n s i t y  o f  t h e
c h o s e n  p h o t o g r a p h  be  p red ic t ed  f rom
the threshold sign contrast number;

 t h e v a r i a b i l i t y am ong v i e w e r s  i n t h e
s e l e c t i o n  o f  a  p h o t o g r a p h  i n  w h i c h  a
particular symbol is just recognizable;

 the degree of uncertainty in identification of
an  ob se rve r ’ s  c o n t r a s t  n u m b e r ”
(threshold of visibility) in the signs;

 t h e s c a t t e r  i n t h e  t h r e s h o l d  c o n t r a s t
numbers, among observers;

 the variation in density  o f  p h o t o g r a p h s
chosen by an observer after f irst and second
viewings of the scene;

 the scatter in  o f  p h o t o g r a p h s  c h o s e n
a s  b e s t  i l l u s t r a t i n g  t h e  s c e n e ,  a m o n g
observers;

 d i f f e rences  be tween  the  re la t ive  p rominence
of dissimilar objects as viewed at the scene
and in the photographs.
T H E  P R O C E D U R E  - -  E l e v e n

“ s u b j e c t s ” ( u n p a i d volunteers), com pr is ing  s ix
m ales  and f ive  f emale s  be tw een 16  and  58  year s
o l d  w e r e  t e s t e d  ( T a b l e  a l t h o u g h  o n l y  n i n e  o f
these were avai lable for  the second part ,  and ten
for  a  t h i rd  par t , of the experiment. Su b jec t
had  ea r l ie r  invo lvem en t  wi th  the  me thod ,  ac t ing
as an a s s i s t a n t , a n d  h e l p e d  s e t  u p  t h e
e x p e r i m e n t a l  s c e n e .  o ther  sub jec ts ,  be ing
f r i e n d s  a n d  r e l a t i v e s  t h e  a u t h o r s ,  h a d  s o m e
per iphera l  knowledge  o f  the  me thod f rom  ear l ie r
casual discussion.

A hockey arena from which the ice had been
r e m o v e d  f r o m  t h e  c o n c r e t e  p a d  i n  t h e  p l a y i n g
area, provided a suitably controllable environment.
A l l  e x t r a n e o u s  l i g h t  w a s  e x c l u d e d  a n d  t h e
p e r t i n e n t  p a r t  o f  t h e  w h i t e  b o a r d s  a n d
background were covered. The  scene  was in  the
m i d d l e  p a r t  o f  o n e  e n d  o f  t h e  p l a y i n g  a r e a .  I n
the first part of the  i t  i n v o l v e d only
t h e two s e t s o f signs a g a i n s t  t h e
background. In the  par t ,  i t  comprised  the
s i g n  c a s e s  u n m o v e d  b u t  w i t h  t h e i r  b l a c k  d o o r s
closed, a n d  a  n u m b e r  o f  o b j e c t s  r e s t i n g  o n  t h e
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concrete  pad and suspended from the end glass
and boards:

 a  b o a r d  c o v e r e d  w i t h  r e c t a n g l e s  o f  l o w
 paper  of

 a w a r n i n g  s i g n w i t h  s t r i p s  o f  o r a n g e
reflective tape on a white background,

 a mock-up of an adult ,  with  a  j ac k e t ,
black pants and white shoes,

 a blue bicycle,
 two reflective warning triangles,
 one red, and one blue, plastic milk crate,
 two small traffic pylons.

T h e  s ce n e  w a s  p h o t o g r a p h e d  wi t h  t h e  o b j e c t s
p r e s e n t and with a. pair o f  sy mb o l s  e x p ose d
(Figure  4) . I l luminat ion was provided by four
photo-floodlights positioned out of the observers’
view. T h e se  w e r e  e n e r g i z ed  t h r o u g h  d im me r
switches that were adjusted to produce a suitable
intensity of lighting. A chair  for  the observer
was placed midway across  the playing area,  40

 from the scene.

TABLE- - -

The Subjects in the Validation Experiments

 A g e Sex Eye Correction

A 16 None Parts 1, 2 3
22 None Parts 1 3
25 None Parts 2
26 None* Parts 1, 2 3
27 None Parts 1, 2 3
33 None Parts 1, 2 3
39 Contact Lenses Parts 1, 2 3
42 Con tact Lenses Parts 1, 2 3

50 54 Parts Parts 1, 1  2 3 3
58 Parts 1, 2 3

Contact lens worn sometimes but not during
the experiment.
Fo r  d i s t an ce  on ly ; not used for viewing
the photographs.

Figure 4: Objects in the test scene

Before the  subjects  ar rived at  the  arena for
the f i rs t  part  of  the  exper iment ,  they rece ived a
sheet  showing and naming the  symbols  that  they
would be asked to identify ,  and brief ly
t h e  p r o c e s s  i n wh ic h  t h ey  wo u ld  b e  i n v o lv ed .
When they arrived, they waited for not less  than
15 minutes  in  an area  tha t  was darker  than the
viewing area. D u r i n g  time, the symbols
t h e  f i r s t  p a r t  o f  t h e  p r o ce s s  w er e  d e sc r i b e d  to
them by one of the experimenters.

After the eye adaptation period, the subjects
were guided, in turn,  the observation position.
E ac h  w a i t ed  n o t  l e s s  t h an  t h r ee  min u t es  i n  t h e
c h a i r  i n  t h e  v i e w i n g area  before the f i rs t  s ign
was  exposed for attempted ident if icat ion. The
p r o c e s s  by the described method,  with
a n  ex p o s u re  o f  e ac h  s i g n  f o r  ab o u t  t e n
until the contrast number signifying the threshold
o f  s i g n  v i s ib i l i t y was cons idered to  have been
adequately determinable.

Upon c o m p l e t i o n of part one of the
e x p e r i m e n t  b y  t h e  l a s t  s u b j e c t ,  t h e  v a r i o u s
o b j e c t s  w er e  a d d e d  to  t h e  s ce n e . The  pai r  of
s i g n s  n e a r e s t  t h e  t h r e s h o l d  c o n t r a s t  f o r  e a c h
s u b j e c t  w e r e  i n  t h e  c a s e s  a n d  t h e
p h o t o g r a p h y  w a s  u n d e r t a k e n  b y  t h e  d e s c r i b e d
method. The film was developed and prints were
obta ined for  each pai r  of  s igns . A local photo
p r o c e s s i n g  was  able  to  p rovide  pr int s  at
t e n  d e n s i t y l e v e l s  a t  r eg u l a r  i n t e r v a l s ,  w h i c h
suitably encompassed  range of interest. These
w e r e  d e s i g n a t e d  0 to 9 in order of
increasing density. Corresponding photographs of
t h e  s c e n e  w i th  t h e  s i g n s  h i d d en  w e r e  p r e p a r e d
also.

T h e  s h e e t  p r o v id ed  t o  t h e  s u b j ec t s  b e f o re
th e y  f i r s t  a t t en d e d  th e  a re n a ,  a l so  p r e s en t e d  a
list  of the objects that would be in the scene on
th e  s e co n d  o c ca s io n , and a br ief  descr ipt ion of
t h e  s e c o n d  p a r t  o f  e f f o r t s  i n  w h i c h  t h e y
w o u ld  b e  i n v o lv e d .  t h e i r r e t u r n  t o
arena, they again waited for not less than 15
min u t es  i n  t h e  d a r k en e d  h o ld in g  a r e a . During
th i s  t ime , t h e a n d  t h e  f u r t h e r  e f f o r t s
w e r e  d e s c r i b e d  t o  t h e m  b y  o n e  o f  t h e
experimenters. After  the eye adaptat ion per iod,
each subject  v iewed the  scene for  at  least  eight
minutes, during which one of  the exper imenters

 a t t e n t i o n  t o  e a c h  o f  t h e  o b j e c t s  a n d  t o
particular aspects of the

After  observ ing the  scene ,  each subjec t ,
turn, was quickly guided to  a well- l ighted room
w h e r e  t h e  p h o t o g r a p h s  o f  t h e  s c e n e  w i t h  t h e
signs hidden, w e r e The subject chose
t h e  p h o t o g r a p h t h a t  d e n s i t y w h ic h
r e p r e s e n t e d  t h e  b e s t  i l l u s t r a t i on  o f  t h e
scene just viewed. E a c h  su b j ec t  chose the
photographs that best showed each of the objects
c o n s i d e r e d  a l o n e . Co mme n t s  b y  t h e  su b je c t s
a b o u t  s im i l a r i t i e s  a n d  d i f f e r e n ce s  b e tw ee n  th e
chosen photographs a n d their observations of the
s c e n e , w e r e E a c h  s u b j e c t  t h e n
e x a m i n e d  a  s e t  o f  a l l  o f
the  dif ferent  pai rs  of  s igns of  threshold contrast
number  at  the same print  densi ty  as  that  of the
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pho tog raph  chosen b y  t h a t  p e r s o n  a s  b e i n g  t h e
best overall i l lustration of the scene. The subject
i d e n t i f i e d  t h e  s i g n s  t h a t  w e r e  a t  t h e i r  l i m i t  o f
recognizability. T he  sub jec t s  r epea t ed  par t  two
of the experiment once.

I n  t h e  t h i r d  p a r t  o f  t h e  e x p e r i m e n t ,  t h e
p h o t o g r a p h  i n  w h i c h  t h e  s i g n  a t  e a c h  c o n t r a s t
num ber  was  bare ly  d iscern ib le ,  was  chosen  f rom
the associated set of various density prints. This
w a s  d o n e  b y the experimenters in good lighting
soon  a f te r  the  e f fo r t s  a t  the  a rena . About four
months later, a similar  procedure was undertaken
by the ten subjects  were available.

THE THRESHOLD SIGN CONTRAST NUMBER
-- The indication by the observers in viewing the
s i g n s  i n  t h e  f i r s t  p a r t  o f  t h e  e x p e r i m e n t  w e r e
cha r ted  (F igure  5 ) . Each observer had viewed,
once or more, every sign in the range of contrast
numbers  f rom tha t  a t  which  ident if icat ion  a lways
was c o r r e c t  t o  t h a t  a t  w h i c h  i t  n e v e r  w a s
correct. The narrowest possible range of contrast
numbers would have been one if,  for  two signs in
sequence, the  observe r  had  been  a lw ays  co rrec t
f o r  o n e  an d  w r o n g  f o r  t h e  o t h e r . Since
the range of contrast numbers was more than one
for  eve ry  observe r  (T ab le  f u r t h e r  a s s e s s m e n t

 needed to  ascer t a in  the  cont ras t  num ber  tha t
s i g n i f i e d  t h e  t h r e s h o l d  o f  v i s i b i l i t y f o r  e a c h
person.

T h e  t h r e s h o l d  c o n t r a s t  n u m b e r  f o r  e a c h
observer was taken to be that at the
p r o b a b i l i t y o f  c o r r e c t  i d e n t i f i c a t i o n  w a s  5 0
p e r c e n t . T h e  d i s c r e t e  s e t  o f  s i g n  c o n t r a s t
num bers  p roduced  non- in tegra l  de r ived th re sho ld
c o n t r a s t  n u m b e r s  ( T a b l e  3 ) .  A probabil i ty

 was assigned  every determination by

e a c h and  the  ave rage  a t  each  cont ras t
number was calculated. The value was 1.0 for a
correct identification made with confidence, and
ni l  when there  was no  s igni f icant  r ecogni t ion  of
the symbol. Intermediate values were applied for
a  c o r r e c t  i d e n t i f i c a t i o n  m a d e  w i t h  a p p r e c i a b l e
uncer ta in ty ,  responses suggesting two symbols of
wh ich  one  w as  co rrec t ,  and  r esponses  in  wh ich
six of the seven bars of the symbol were correct.
Apprec iable  changes  in  the  i n te rmed ia te  va lues
had little effect. The threshold contrast numbers
d e r i v e d  b y  t h i s  p r o c e d u r e  c o m p a r e d  c l o s e l y  t o
those  perce ived  in  of  the charts plotted
d u r i n g  t h e  t e s t i n g . The  var ia t ion  i n  th resho ld
contrast number among  subjects was somewhat
less than three.

V A R I A T I O N ! ; I N  T H E
P H O T O G R A P H S  - -  P e r c e p t i b l e ,  a l t h o u g h  n o t
immediately obvious,  w ere  apparen t  in
p r in ts  a t  ad jacen t  l e v e l s  w h e n  c o m p a r e d
s i d e  b y  s i d e . D i s t i n c t  d i f f e r e n c e s  i n  p r i n t s
s e p a r a t e d  b y  t w o d e n s i t y  l e v e l s  w e r e  r e a d i l y
discernible. (F igu re  6 , s h o w i n g  p r in t s  o f  t h e
s a m e  s y m b o l s  a t  f i v e  a d j a c e n t  d e n s i t y  l e v e l s ,
provides an impression of these circumstances, as
l im ited  by  the  fu r ther  reproduc t ion  necessary  for
this paper.)

I n  c h o o s i n g  a  f rom pr in ts  a t  the
t e n  d e n s i t y  l e v e l s ,  s h o r t l y  a f t e r  v i e w i n g  t h e
s c e n e , t h e  s u b j e c t s  g e n e r a l l y  w e r e  q u i t e
consistent between the two tests (Table 4). Five
o f  t h e m  c h o s e  t h e  s a m e  p h o t o g r a p h ;  o n l y  o n e
chose photographs separated by more than two
density levels. The range in density levels among
t h e  s u b j e c t s w a s  f o u r  t h e  f i r s t ,  a n d  t h r e e
after the second, viewing  the scene.

CONTRAST
SUBJECT 1 2 3 4 5 6 7- - - - - - -  - - - - - - - -

A

I

 No symbol at level 9 or  used .
correct, with confidence.
c o r r e c t , with u n c e r t a i n t y .
one of alternate choices correct , or six of the seven s ym bo l bars correct.

 o r  in c o r r e c t

Figure 5: Graphical display of the determinations during testing of  observers (as recorded initially
on the lower part of the form shown in Figure 3.)
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TABLE 2

The Distribution of Subjects Among the
Ranges of Contrast Numbers for Signs

Always, to Signs Never, Correctly Identified

TABLE 3- - -

The Threshold Sign Contrast Numbers

24 5.8
16 4.4
16 4.3
16 3.6
15 3.3
22 5.9
20 5.6
14 4.6
16 4.5
19 3.0
14 4.7

TABLE 4- - -

The Photographs Chosen as Best Overall

Subject
Density Levels Chosen

- -
First Trial Second Trial

- -
6 4
6 6
7 7
9 5
5 4
5 5

5
7

6 6
Figure 6: A  of the test scene, printed

at five  density levels
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Subjects uniformly reported easily observable
d i f f e r e n c e s  i n  r e l a t i v e  a p p e a r a n c e  a m o n g  t h e
objec ts  as  v iewed  in  the  scene  and a s  shown in
the photographs. All subjects recognized that the
red crate was considerably more visible in the
p h o t o g r a p h s  t h a n  a t  t h e  s c e n e ,  r e l a t i v e  t o  t h e
b l u e  c r a t e , a n d  t h a t  t h e  t r i a n g u l a r
the warning s ign  and  the  fac ia l  fea tu res  (b lack
mark ings  on  b rown pape r)  o f  the  adu l t  mock-up
were  fa r  more  p rom inen t  the  pho tog raphs  than
i n  t h e  s c e n e . I n  c h o o s i n g  t h e  o v e r a l l  b e s t
photographs, t h e  s u b j e c t s tended to bas e t h e i r
assessments principally on the relative appearance
of the  board ,  the b icyc le ,  the  out l ine
of the adult mock-up, and the background.

T h e  r e s o l u t i o n  o f  t h e  h u m a n  e y e  d e g r a d e s
rapidly as light intensity diminishes. To obtain a
photograph, additional exposure time can often
be u s e d  t o  c o m p e n s a t e  f o r  t h e  d i m n e s s  o f
lighting in a night scene. Such a photograph can
s h o w  m o r e  d e t a i l  t h a n  i s  a p p a r e n t  t o  a  p e r s o n
v iewing  the  n igh t  scene ,  even  when  the  overa l l
c o n t r a s t  o f  t h e  o b j e c t  a n d  b a c k g r o u n d  a r e
appropriate. T h i s  w e l l  a c c o u n t  f o r  t h e
i n a b i l i t y o f  t h e  o b s e r v e r s  t o  p e r c e i v e  s m a l l
de ta i l s ,  such  as  the  f ac ia l  f ea tures  on  the  adul t
mock-up, in  the  d im l ight ing ,  wh i le  recogn iz ing
t h e m  e a s i l y i n  t h e  p h o t o g r a p h s . T h e  h i g h l y
r e f l e c t i v e  r e d  o b j e c t s , i n  p a r t i c u l a r , w e r e
r e l a t i v e l y m o r e  i n  t h e  p h o t o g r a p h s
(poss ib ly  due  to  the  change  in  the  eye’ s
sensitivity in dim light:),  suggesting that,  for such
objects, u s e  o f  a  b l u e  f i l t e r  m a y  a l l o w  b e t t e r

 matching.
THE PHOTOGRAPH  THE THRESHOLD

C O N T R A S T - - T h e  e x p e r i m e n t e r s
i n d i v i d u a l l y  v i e w e d  p h o t o g r a p h s  a t  a l l  d e n s i t y
l e v e l s  f o r  s i g n s a t  con t r as t  numbers  be tween
a n d  6 , a n d  s e l e c t e d , for each contrast number,
the i r  bes t  es t im ate  of  the  dens i ty  leve l  a t  wh ich
the symbol was at the threshold of recognizability
(F igu re  7 ) . A s t h e  n u m b e r  i n c r e a s e s
( a n d  t h e  c o n t r a s t  b e t w e e n  t h e  s y m b o l  a n d  t h e
b l a c k  b a c k g r o u n d  i n t h e  s i g n  d e c r e a s e s )  t h e
density level decreases, as is to be expected. The

 is approximately linear,  with a change
 o n e  c o n t r a s t  n u m b e r  r e q u i r i n g  a  c h a n g e  o f

 two density levels.
W i t h  r e f e r e n c e t o t h e :  t h r e s h o l d  c o n t r a s t

n u m b e r  d e r i v e d  f o r  e a c h s u b j e c t ( T a b l e  a n d
 mean of the experimenters’ estimations of the

 d e n s i t y l e v e l  f o r  e a c h  c o n t r a s t  n u m b e r
( F i g u r e  d e n s i t y  l e v e l ”  w a s
established for each subject. This density level is
t h a t  w h i c h  t h e  d e s c r i b e d  m e t h o d  s e l e c t s  a s
co r respond ing  be s t  to  t ha t  per son’ s  view of  the
scene.

Ideal ly, t h e  p r e d i c t e d  d e n s i t y  l e v e l w o u l d
e q u a l  t h e  s u b j e c t - s e l e c t e d  l e v e l  i n  e a c h
case . Good agreement was obtained (Figure 8);
t h e  g r e a t e s t d i f f e r e n c e  w a s 1 .3 ,  and  the  mean
d i f f e r e n c e  w as  o n ly  d e n s i ty  l e v e l s . There
was  no  obv ious  b ias  towards  p redi c t ing  dens i ty
leve ls  h igher  or  lower  than  those  chosen by  the
subjects.

Figure 7:

t -

SIGN CONTRAST NUMBER

Photograph  at the limit
o f  l eg ib i l i t y ,  o f  s i gns  o f  d i f f e ren t
contrast numbers, as determined by
three experimenters.

 of

I

MEAN SUBJECT-CHOSEN DENSITY LEVEL

Figure 8: Comparison the photograph density
level  by the experimenters
for, and the mean density level chosen

each  as best representing
the
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Eight  of  the  n ine  sub jec ts  who  all
prior testing, were avai lable and selected the
d e n s i t y for  inc luding  per t inent
s igns . T h e r e  w a s  m o r e  b e t w e e n
subjects than between experimenters,  possibly due
t o  t h e  e x p e r i e n c e  o f  t h e  s u b j e c t s  i n
a s s e s s i n g  s u c h  p h o t o g r a p h s  a n d  t o  s o m e
e x p e r im e n t a l  d i f f i c u l t i e s . A  s e p a r a t e  s e t  o f
predicted density was  derived from
these observat ions and compared with the
se lec ted  dens i ty  leve ls  (F igure  9) . T h e
difference was still  only two density  w h i c h
in v i e w  o f  t h e  t e s t  p r o c e d u r e i n d i c a t e s a
reasonable correspondence. However for  seven of
t h e  e i g h t  s u b j e c t s , these  p h o t o g r a p h s
w e r e  b r i g h t e r t h a n  t h e  m e a n  d e n s i t i e s  o f  t h e
photographs chosen after viewing the scene.

These  f indings  ind ica te  a  need  care, not
o n l y  i n  t h e  o b s e r v a t i o n s  a t  t h e  s i t e ,  b u t  i n  t h e
s u b s e q u e n t  of  the photograph. Lighting
and  v iewing  d is tance  should  co rrespond  to  those
in w h i c h  t h e  i s  t o  b e  u s e d  f o r
demonstration.

T h e  i m p o r t a n t  t o  b e  d r a w n  f r o m
t h e  v a l i d a t i o n  t e s t s  i s  t h a t  t h e  m e t h o d  w i l l
usually produce a photograph that is  a reasonable
rep resent a t i on  o f  a  dependable  per son ’ s  v iew o f
an  obj ec t  in a  n ight  scene . Close consideration
o f  t h e  r e s u l t s  d u r i n g attempted identif ication of
the  symbols  d isp layed at  the  scene ,  shou ld  a l low
an a c c u r a t e  a s s e s s m e n t of the re l iab i l i ty  of  the
person’s observations.

 Line of Equality

MEAN SUBJECT- CHOSEN DENSITY LEVEL

Figure 9: Comparison of the photograph density
level indicated by the selections of
each subject wi th reference to t h e
signs shown in the photographs, and
the mean  level chosen by that
subject as best representing the scene.

DISCUSSION

T h e  t e s t i n g  d e m o n s t r a t e d  t h a t  t h e r e  i s
v a r i a t i o n a m o n g o b s e r v e r s ,  s o t h a t  a n y
u n d e r t a k i n g  o f  t h i s n a t u r e  s h o u l d
consider  the  v is ion  of  the  person  whose  v iew i s
under consideration.  i s  b e s t  t o  u s e
tha t  obse rve r , i f  a t Since  such  a
s u b j e c t  i s  b iased ,  the  u se  o f  the  s ign
s e t s  m a k e  i t  m u c h  to  o b j e c t i v e
p e r c e p t i o n  o b s e r v a t i o n s ,  a s  a s  t o  p r o d u c e
matching photographs.

T h e  t e s t i n g  i n d i c a t e d  a r e a s  o f
t h a t  r e n d e r  a  p e r f e c t  i m p o s s i b l e . The
d e t e r m i n a t i o n  o f  t h e  t h r e s h o l d  s i g n  c o n t r a s t :
num ber  i s  to some judgment as there is n o t :
a  c lear  t ransi t ion  f rom perfec t  v i s ib i l i ty  of  one
sign to perfect invisibility of the next. There is
uncertainty in the identif ication by some subjects
o f  t h e  d e n s i t y  f o r  t h e  p h o t o g r a p h  b e s t :
r e p r e s e n t i n g  t h e  s c e n e . T h e r e  i s
var ia t ion  in  the  r e la t ive  prominence  of  d if fe ren t
objects viewed directly and in a photograph. This
d i c t a t e s  a  n e e d  f o r  c l o s e  a t t e n t i o n  b y  t h e
i n v e s t i g a t o r  t o  m i n i m i z e  d e v i a t i o n s  a n d  t o
r e c o g n i z e  t h e  p o s s i b l e  e x t e n t  o f  t h o s e  t h a t
remain. T h e  p h o t o g r a p h  t h a t  i s  p r o v i d e d
i l l u s t r a t i v e  p u r p o s e s  m u s t  b e  e x p l a i n e d
accordingly.

 u s e  o f  m e t h o d  p r o d u c e s  a
p h o t o g r a p h  t h a t  h a s  a s u b s t a n t i a l  o f
be ing  wi th in  one  dens i ty  of  the  choice  tha t
would be made by the observer if it were possible
t o  v i e w t h e  p h o t o g r a p h a n d t h e  s c e n e
simultaneously for comparison. An observer other
than the person who was involved in the incident,
n e c e s s i t a t e s  a n  of  the extent  to  which
t h e  o b s e r v e r ’ s  v i s i o n  i s “ r e p r e s e n t a t i v e ” o r
com parab le  t o  the  invo lved  per son . Even with
s u c h  o t h e r  o b s e r v e r , the  method can  produce  a
p h o t o g r a p h  t h a t  i s d e m o n s t r a b l y  s i m i l a r ,  i n

 t e rms , to a  subject’s static night view of
a scene.

F u r t h e r  v e r i f i c a t i o n  o f  a  p h o t o g r a p h
p r o d u c e d  i n  t h i s  m a n n e r  m a y  b e  o b t a i n e d
r e c o r d i n g  s p e c i f i c  f r o m  t h e  o b s e r v e r
a b o u t  t h e  r e l a t i v e  o f  v a r i o u s  o b j e c t s .
Cau t ion  i s  necessa ry  r egarding  smal l  objec ts  or
de ta i l s  (a s  pho tog raph r eso lu t ion  exceeds  tha t  o f
t h e  h u m a n  e y e  a t  a n d  o b j e c t s
w i t h  t h a t  a r e  t o  h a v e  a
effect on their relative prominence in the view of
the scene and the

DYNAMIC VERSUS STATIC OBSERVATIONS
-- Static  perception condit ions do not necessarily
c o r r e s p o n d  t o  t h e  v i e w  o f  a  d r i v e r  i n  a
m o v i n g  a t  h i g h w a y  s p e e d s ,  s i n c e  t h e
changing f ie ld  of  view  the  dr iver ’ s  ab i l i ty
t o  r e c o g n i z e u n u s u a l o b s t r u c t i o n s . An
i n v e s t i g a t o r  h a s  t h e  o f  s e l e c t i n g  t h e
pos i t ion  a t  wh ich  the  sub jec t  can  see  an  ob jec t

 t o  r e c o g n i z e  i t  a s  a  h a z a r d .
T h e  m e t h o d  h a s  b e e n  u s e d  f o r  o n l y  v e r y
i n v e s t i g a t i o n s i n  t h i s  r e g a r d . D u r i n g  o n e
inves t iga t ion  with  a  s ingle  subjec t ,  i t  was  found
t h a t  t h e r e  w a s  n o  s i g n i f i c a n t  d i f f e r e n c e  i n
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v i s ib i l i t y  o f  s i g ns a t  v a r io u s  c o n t r a s t  n u m b e r s
between viewing t imes of  about  one ha lf  second
a n d  t en  s e co n d s . In  another instance,  a  dr iver
mo v i n g  a t  a  m o d e r a t e  sp e ed  t o w a r d  a n  o b j e c t ,
f o l l o w in g  e x t en s iv e  s i g n  co n t r a s t  o b se r v a t i o n s ,
w a s  a b l e  t o  r e s p o n d  t o  t h e  o b j e c t  b y  b r a k i n g
before reaching the statically-determined point of
threshold visibility. It is suspected that this may
have resul ted f rom increased vis ibi l i ty  dis tance
due to  road roughness  and  headlight  bounce ,  but
further investigation remains to be done.

A  f u r t h e r ,  i mp o r t an t ,  co n s i d e r a t i o n  i s  t h e
di fference  be tween the percept ion  of  an
d r i v e r  o f  a  v e h i c l e  a p p r o a c h in g  a n  o b j e c t  a t  a
substantial speed, and tha t  of  the same person in
a  s t a t i o n a r y  v e h i c l e , v i e wi n g  th e  s a me  o b j ec t
after knowing it is there, The literature contains
a  c o n s i d e r a b l e  n u m b e r  o f  i n v e s t i g a t i o n s  o f
dynamic driver perception, although very scattered
results are reported that appear at least partially
a t t r i b u t a b l e  t o  t h e m e t h o d  o f  d e t e r m i n i n g
percep t ion . A pe rmanent record of  a  d r iver’ s
d y n a m i c  v i e w i s  t o  i m a g i n e , a f t e r
consideration of these efforts to record his static
view.

A method has been developed that provides a
means of preparing  photographic  pr int  tha t ,  to
a  r e a s o n a b l e  d e g r e e , object ively i l lustra tes  the
appearance of a night scene to an observer. Such
a  photograph may be des ired to  show others  the
results of an investigation of problems associated
w i t h  a Much of the subjective
assessment usually required has been removed by
the  use of  a  var ie ty  of  signs of dif fering shades
o f

L imi t e d  v a l i da t io n  s tu d i e s  h av e  i d en t i f i ed
s i g n i f i c a n t d i f f e r en ce s  i n  p e r c e p t i o n  b e t w ee n
observers ,  but  have  demonst ra ted  tha t  these  are
a p p r o p r i a t e l y  t h e  m e t h o d . While
t h e  t e s t i n g d i d  n o t  e n c o m p a s s  a  s t a t i s t i c a l l y
r e p r e s e n t a t i v e  n u m b e r  o f  it was able to
p r e d i c t  a n  a p p r o p r i a t e  fo r  e ac h ,  t h a t
c l o s e l y m a t c h e d  t h e  s u b j e c t ’ s
Diff icul t ies  were  ident if ied,  including imbalance
between objects of differing luminance and
( w h i c h  a b e  r e d u c e d  b y  p r o f e s s i o n a l
photography).

T h e  re su l t s  t o  d a t e  a r e  su f f i c i e n t l y  g oo d ,
a n d s u f f i c i e n t l y b e t t e r  t h a n  t h e  e x i s t i n g
al ternat ives , t h a t  t h e me tho d  may  u se fu l ly  be

 when the need for such illustration arises.
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David M. Ingebretsen, M.S., M.E.
Collision Forensics & Engineering, Inc.
2469 East Fort Union Boulevard, Suite 114
Salt Lake City, UT 84121
Telephone: (801) 733-5458
Facsimile: (801) 733-5491 
Email: dingebre@3dphysics.net
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• M.S. Physics University of Utah 1986
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• Human Factors in Traffic Crashes (40 hours) N. West. U. 2012
• Heavy Vehicle Crash Reconstruction (40 hours) N. West. U.2013

Continuing Education and Experience in the Following Areas:
• Biomechanics, biomaterials, and the effect of dynamic loads and vibration on human 

tissue
• Failure analysis of human structures, mechanical, electro-mechanical, and electronic 

devices
• Accident reconstruction
• Anatomy / physiology
• Multibody dynamics
• Vehicle dynamics
• Human perception systems, physics, modeling, and physiology
• Mathematical modeling of dynamical systems
• Physics of imaging systems including use and applications
• Design and implementation of electronic hardware and firmware
• General electronics and electrical engineering principles

TEACHING EXPERIENCE
• Lecture instructor: Physics of the Human Body University of Utah
• Lecture instructor: Modeling and Control of Dynamical Systems Evans & Sutherland
• Lab instructor: Ionizing Radiation Transducers University of Utah
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• Lab instructor: Physics of Photography University of Utah
• Teaching Assistant: Statics University of Utah
• Various presentations in the areas of accident reconstruction, investigation, and 

biomechanics

PROFESSIONAL EXPERIENCE

PHYSICIST
MECHANICAL / BIOMECHANICAL ENGINEER
ACCIDENT RECONSTRUCTIONIST CF & E, Inc.  1993 – Present

• Evaluate injury claims, determine and analyze mechanisms of trauma from direct impact, 
vibration, and inertial forces.

• Reconstruct and investigate accidents, determine impact forces, accelerations, changes in 
velocity, and occupant dynamics.

• General product failure analysis and engineering consulting including automobile 
systems and other systems and products such as:

• Investigate, analyze, and determine the failure mode(s) of various vehicle 
components such as airbags, tires, etc.

• Investigate, analyze, and determine the failure mode(s) of various human 
structures.

• Investigate, analyze, and determine the failure mode(s) of other mechanical and 
electronic devices such as: coffee makers, electric blankets, garage door openers, 
and other electric and mechanical devices

• Analyze, interpret, and report data from impact and vibration testing.
• Create 3D animated demonstrations for courtroom use.

ENGINEER Evans & Sutherland 1986 – 1993

• Developed multi-body mathematical models of automobiles and tractor semi-trailer 
vehicles.

• Programmed these models into a computer for use in training and engineering simulator 
systems.

• Developed mathematical models of other dynamical systems.
• Developed software to allow communication between a vehicle simulator and an Alliant 

FX-80 mini super computer allowing an interactive link between the driver in the 
simulator, the vehicle dynamics model, and the 3D visualization system.

• Designed, developed, and implemented the instrumentation in a vehicle simulator to 
effect an interactive link between a driver in the vehicle simulator, the vehicle dynamics, 
and the real-time 3D visual display.

• Co-authored a proposal, feasibility study, and preliminary budget for a complete truck 
driver training simulator system.

• Co-developed, designed, and implemented a complete “proof of concept” vehicle 
simulator system to prove the feasibility our proposal. This simulator included a vehicle 
cab with full interactive controls and instruments, a vehicle dynamics model, and real-
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time 3D visual system.
• Developed and programmed software for a head tracking projection system.
• Developed and programmed mathematical models of a human perception system, 

including the vestibular and propreoceptive systems for research and control of a full 
motion simulator system.

• Developed and programmed software for an X-Windows based 3D modeling and 
rendering software.

ENGINEER Hercules Aerospace 1983 – 1986

• Designed and developed software, electronic hardware, and mechanical tooling to 
perform dynamic impact testing of carbon composite Space Shuttle rocket motors. The 
testing determined the effects of impact loads on the carbon composite material and if the
damage threatened the integrity of the rocket motor’s structure and measured penetration,
acceleration, and vibration.

• Developed and supervised various non-destructive test procedures for empty and loaded 
rocket motors and other missile components in order to determine failure mode(s) and 
structural integrity.

• Analyzed the data, and reported the results.
• Designed and implemented the electronic hardware, software, data acquisition systems, 

mechanical tooling, and documentation for these tests.
• Principle development engineer for the flight instrumentation for the Peacekeeper (MX) 

missile third stage rocket motor.
• Interpreted the acquired data from static testing of the Peacekeeper third stage to 

determine performance and structural response of the rocket motor.
• Extensive work regarding testing and analyzing the general integrity of the missile 

components built by Hercules Aerospace.

ENGINEER Terra Tek Research 1981 – 1983

• Supervised the Computer Controlled Testing area.
• Designed and programmed software to dynamically control the testing of re-constituted 

soil samples for the Defense Nuclear Agency. I compiled, interpreted, analyzed, and 
reported all the test results to the client.

• Designed and implemented the interface between the computer, servo system, and 
instrumentation.

• Compiled, interpreted, analyzed, and reported the results of other tests.
• Extensive work regarding mechanical failure analysis

OTHER EXPERIENCE

• Independent testing investigating occupant and vehicle dynamics during low speed rear
end collisions.

• Testing investigating occupant and vehicle dynamics during high speed collisions.
• Read, write, and speak the french language.
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PAPERS

• Co-author "Notes on Real-Time Vehicle Simulation," a text book which accompanied a
course taught at the 1989 SIGGRAPH conference.

PROFESSIONAL ORGANIZATION MEMBERSHIPS

• The Society of Automotive Engineers (SAE)
• The National Association of Professional Accident Reconstruction Specialists (NAPARS)
• International Society of Biomechanics (ISB)
• American Society for Testing and Materials (ASTM)

• Committee Member of:
• E07 on Nondestructive Testing 
• E08 on Fatigue and Fracture 
• E28 on Mechanical Testing 
• E30 on Forensic Sciences 
• E48 on Biotechnology
• E58 on Forensic Engineering
• F09 on Tires
• F13 on Pedestrian/Walkway Safety and Footwear 
• F24 on Amusement Rides and Devices

• American Society of Mechanical Engineers (ASME)
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David M. Ingebretsen
Ronald L. Probert
Michael S. Anderson

2469 E. FORT UNION BLVD., SUITE 114
SALT LAKE CITY, UT 84121
(801) 733-5458 – FAX: (801) 733-5491
WWW.CFANDE.COM

July 1, 2014

RE: Rates for David Ingebretsen, M.S., M.E. as of July 1, 2014

The following rates apply for cases filed in the state of Nevada for David M. Ingebretsen

Hourly rates:
• All consulting, travel including air travel time, preparation

time, etc. except as noted below: $275.00 per hour
• Time at trial, arbitration, etc.: $325.00 per hour + expenses
• Deposition* when held out of state:        $325.00 per hour
• Deposition* when held at my office: $325.00 per hour
• Deposition* when held in Salt Lake at an alternate location: $325.00 per hour plus travel
• Expenses: As incurred
• A refundable $2500.00 retainer may be required before work begins.
• Costs to be paid by noticing attorney for a deposition must be paid in advance.
• A refundable negotiable retainer and airfare expenses must be paid in advance of all trials
• A 2 (two) hour cancellation fee, plus non-refundable expenses, plus preparation time will be assessed for 

canceled/changed trials, depositions, arbitrations, inspections, etc. when the notice of cancellation/change is not 
received a minimum of 48 hours (2 working days) in advance of the scheduled appearance to the party who cancels
the event.

• Consulting pro-rated in 0.1 hour increments. Testimony pro-rated in 1.0 hour increments.

EXCEPTIONS:
At this time, travel time from Salt Lake City to and from Las Vegas and Reno is not assessed.
For testimony:

• Airfare and transportation costs are not waived. Where possible, travel expenses will be split between cases.
• Billing time for inspections includes travel time to and from an airport virtual office to the work location, and time 

at the work location. That is, what would be normally billed if the CF&E office were physically located at the 
airport.

• Preparation time, etc. for the inspection is billed normally as outlined above.

These rates and policies are subject to change without notice.

*Travel expenses are billed to the noticing attorney per Discovery Commissioner ruling. Costs to be paid by noticing 
attorney for a deposition must be paid in advance.
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NV Alvarez v. Mulgado-Oliva, et al. A-13-678755 Defense 6/5/2012 Jason Fowler 2/2/2015
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NV Cooper v. Ransome, McKenna and California Hotel and Casino A09-590099-C Defense 3/28/2009 Tom Dillard 1/26/2011

UT Cox v. Lutu Civil No. 090400916 Defense 8/16/2007 Lynn Davies 11/8/2011
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UT Cunningham v. Toner 070907253 Plaintiff 1/26/2007 Stephen Kelsen 3/23/2010

NV Cutler v. Drabant A528527 Plaintiff 11/15/2004 Paul Powell 12/4/2008

NV Del Quadro v. BPM Senior Living Company A592668 Defense 2/6/2008 Maria Toto 11/22/2010

NV Dorsey v. Weisner, et al. A-13-686290-C Defense 8/7/2011 Jason Fowler 12/12/2014
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UT Maxfield v. Burdis 070700310 Plaintiff 5/1/2006 Matt Driggs 8/15/2008 2/5/2009

NV McCloud & Carneado, et al. v. ATC/Vancom Inc., et al. A538914 Defense 7/19/2006 D. Lee Roberts 10/9/2009 8/27/2010

NV McHale v. Kay A545385 Plaintiff 6/1/2007 Christian Smith 4/15/2010

UT McNamara & Beckstead v. S.T. Distributing, Stacks & Daley, et al. 070400404 Plaintiff 10/7/2005 Denton Hatch 2/10/2009

NV McWhorter v. Nevada Ready Mix Corporation, et al. A513841 Plaintiff 6/9/2004 Michaela Tramel 2/3/2009

NV Medlock v. Batey, et al. A586779 Plaintiff 11/2/2007 Glenn Paternoster 6/11/2010

NV Mesa v. Blake & United Road Towing, Inc., et al. A-11-630441-C Defense 12/7/2008 Richard Tanasi 1/31/2013
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NV Miranda v. Walsh & Benchmark Properties, et al. 08A557586 Defense 1/16/2008 Tom Deaver 4/17/2009

NV Mofford v. Castrellon et al. A555539 Plaintiff 1/22/2007 Kevin Hansen 7/29/2010

NV Montano, Reveles, et al. v. Kesterson, et al. A-12-654601-C Plaintiff 2/21/2010 Jacqueline Bretell 5/23/2014

NV Montano & Vega v. Pohlmeier, et al. A-13-686429-C Defense 12/14/2012 Vicki Driscoll 10/20/2014

UT Morah v. Wilde Civil No. 110403091 Plaintiff 2/3/2009 Mike Petro 4/16/2013

UT Morris v. Hobby Lobby Stores, Inc 070700663 Plaintiff 10/31/2006 Lynn Harris 7/21/2009 10/20/2009 & 10/21/2009

UT Murray v. Bybee 100101064 Defense 11/10/2006 Stacy McNeill 5/23/2011

UT Nixon v. Gardner & Scotvale Electrical Systems, Inc., a Utah corporation 070903193 Plaintiff 7/15/2004 Robert Dahle 1/29/2010

UT Newsome v. Fuerherm & Newsome Civil No. 120902344 Defense 1/15/2011 Sean Miller 6/13/2013

NV Novick v. Panelized Structures, Inc., Nielsen, et al. A521975 Plaintiff 9/1/2004 John Shook 4/22/2011

CA Ostrovsky v. Union Pacific Railroad Co. A-10-615288 Plaintiff 10/21/2009 Anthony Petru 11/20/2012 5/17/2013

NV Palos v. Southern California Regional Rail Authority et al. PC051298 Defense 9/12/2008 D. Lee Roberts 10/29/2012

NV Parker v. Carlson & Nevada Yellow Cab Corporation et al. A571921 Plaintiff 10/1/2006 Glenn Paternoster 3/26/2012

NV Perez v. Ghallab A-11-637508-C Plaintiff 3/31/2010 Glenn Paternoster 3/1/2013 10/18/2013

NV Perroni & Barton v. Salgado-Baez, Baez & Salgado, et al. A492719 Defense 12/1/2003 Trey Dellinger 1/20/2009

UT Perry v. Utah Department of Transportation, et al. 090904969 Plaintiff 6/4/2008 Dan Wilson 8/9/2010

NV Phillips v. Las Vegas Mini Grand Prix, Inc. a Nevada corporation, et al. A567748 Plaintiff 11/10/2006 Brook Hammond 11/9/2009

NV Pittman v. Wyndham Vacation Resorts, Inc., et al. A581217 Plaintiff 2/21/2007 Brian Harris 3/1/2012

UT Ramirez & Campas v. Chatfield Civil No. 130407113 Defense 7/15/2011 Anna Nelson 6/19/2014

NV Reeve v. Rodriguez A-09-602531-C Plaintiff 1/19/2009 Erik Ahlander 11/28/2011

NV Reichardt v. Blue Martini A-10-608169-C Plaintiff 3/8/2009 Christian Smith 11/11/2011

NV Richardson v. Milano, et al. A-13-676302-C Plaintiff 3/31/2012 Bryan Boyack 10/1/2014

CA Rochetto v. Richey Clark County 08A557757 Defense 6/7/2007 Kenneth C. Ward 6/15/2010

NV Rodriguez, et al. v. Stafford, AAA Nortern California Nevada, et al. A-12-667244-C Defense 4/7/2011 Jason Fowler 9/10/2014

NV Root v. Albrecht A546108 Plaintiff 8/30/2005 Colin Bringhurst 9/8/2010 3/8/2011

NV Ruelas v. Forrest & Horner, et al. A-12-670171-C Defense 8/19/2011 John Kirk 9/24/2014

NV Sanchez v. Haskins A614584 Plaintiff 5/2/2008 George Bochanis 7/31/2013

UT Sanders & Price v. Yellow Cab Drivers Association Inc., et al. Civil No. 2:11cv00595 Defense 8/19/2010 Linette Hutton 11/2/2012

UT Sawyer v. Prax Civil No. 080923529 Defense 7/10/2007 Joel Kittrell 2/25/2011

UT Seidel v. AAA Insurance Company Arbitration Defense 8/29/2011 Anna Nelson 4/14/2014

NV Senn v. Arziarien A651246 Defense 5/13/2011 Ernest Moran 7/26/2013 1/27/2015

NV Sill v. Tan A-11-636270-C Plaintiff 4/19/2009 Cristina Evans 10/31/2012

NV Smith, Jr. & Smith v. Dyer & Spectrum Surveying & Engineering, Inc., et al. A544414 Plaintiff 5/12/2006 Glenn Paternoster 10/8/2009

UT Sommer v. Jenkins & Haslem 090908827 Defense 12/22/2005 Lynn Davies 4/4/2013

NV Spurlock, et al. v. Neal & Republic Silver State Disposal, Inc., et al. A571394 Defense 2/14/2007 Richard Pyatt 11/26/2012

UT State of Utah v. Krueger 121402525 Prosecution 9/19/2010 Timothy Taylor 3/28/2013

UT State of Wyoming v. Krekorian CR-2011-220-R Defense 9/13/2011 David Steffensen 4/11/2012

UT Strate v. Mainord 080401273 Plaintiff 3/7/2007 Damion Kidd 3/27/2009
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State Client/Case Name Case# Hired By Date of Loss Attorney/Agent Deposed Testified

NV Tadlock v. Del Rosso A-10-629885-C Plaintiff 11/25/2008 Christian Smith 6/10/2013

NV Taylor v. Eskildson, et al. CV2009-016146 Plaintiff 8/17/2007 Mark Jackson 12/14/2010

NV Thompson v. Apple Management, Inc., d/b/a Sandpiper Apartments, et al. A-11-650359-C Plaintiff 7/13/2011 Brian Harris 5/15/2013

NV Thurber v.Yamaha Motor Corporation, U.S.A., et al. A512345 Plaintiff 10/31/2003 Farhan Naqvi 4/14/2009

WY Tietema v. National Oilwell Varco, Inc., et al. 1:14-cv-00039-sws Defense 5/13/2013 Nathan Morris 1/29/2015

NV VanWagner v. Premire Exhibitions, Inc., et al. 08-A562158-C Plaintiff 5/15/2006 David Thomas 8/25/2011

NV Vesco v. State Farm Mutual Automobile Insurance Company dba State Farm, et al. 2:13-cv-01490-JAD-CWH Plaintiff 2/25/2011 Michael Haight 9/3/2014

NV Vidrio-Michel, et al. v. Rochell A-12-665616 Plaintiff 4/5/2011 Kimball Jones 1/16/2015

NV Vollmer v. Cox Communications EBD Holdings, Inc., et al. A-10-628332-C Defense 11/10/2008 George Ranalli & Jacqueline Bretell 12/1/2012

NV Villareal v. Palomino A525285 Plaintiff 6/21/2005 Adam Gauz 1/30/2009

NV Walker v. Bell, et al. A-12-672578-C Defense 10/7/2011 George Ranalli 8/29/2014

NV Warmsley v. Aesculap, Inc., et al. 2:07-CV-00812-LDG-LRL Plaintiff 4/27/2005 G. Dallas Horton 3/6/2009

UT Webster v. The State of Utah; University of Utah Hospital, et al. Civil No. 100921188 Plaintiff 11/19/2008 Francis J. Martin 4/22/2014

NV Westbrook v. Jacobson, et al. A-13-683999-C Plaintiff 2/5/2012 Joseph A. Gutierrez 8/22/2014

UT Wilcox v. Brough, et al. 120700956 Defense 11/29/2008 Nathan Morris 11/12/2014

UT Wilson & Valdmann v. Krueger Civil No. 110400083 Plaintiff 9/19/2010 Jack Helgesen 4/9/2013

NV Wise v. Veolia Transportation Services, Inc., et al. A584027 Defense 8/7/2008 George Ranalli 8/28/2013

UT Woodland v. Woodland Civil No. 090402753 Plaintiff 11/28/2008 Ryan Christensen 12/17/2013

UT Xiao Yang Li, et al. v. The University of Utah, et al. Civil No. 050903626 Plaintiff 4/7/2003 Robert Sykes 8/5/2009

NV Young v. Kim, et al. A-11-653670-C Plaintiff 11/22/2011 Kara Xidis & Tom Christensen 2/18/2014

UT Young v. Waite Arbitration Defense 7/8/2012 Anna Nelson 6/16/2014
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