
Pedestrian Collisions 
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RECONSTRUCTION  ISSUES: 

 

• WHERE DID THE IMPACT HAPPEN  
 ( POI  or  AOI ) ? 

 

• HOW DID THE PEDESTRIAN GET THERE ? 

 

• WHAT WAS THE VEHICLE SPEED ? 

 

• WAS THE COLLISION AVOIDABLE ? 



The impact 

may lift the  

pedestrian 

out of their 

shoes. 

CSI 



PEDESTRIAN 

STRUCK 

FROM REAR 

 



 

4/1000 sec LATER 
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DEFENSE EXPERT 

MAKES FALSE 

STATEMENT ABOUT 

POINT OF IMPACT 



Defense expert report: 

 

 “The point of impact can be 

determined by where the first 

shoe is located, as a pedestrian 

is usually knocked out their 

shoes by an impact with a car.” 



      …the shoes may be       

 thrown forward by 

 contact with the vehicle 



POI 

SHOES 



Rosa Cintron 

? 

? 



SHOE IS 

THROWN 



Defense expert report: 

 

 “The point of impact can be 

determined by where the first 

shoe is located, as a pedestrian 

is usually knocked out their 

shoes by an impact with a car.” 



 Garmin Forerunner 210  

    sport watch 

 

 180 hr memory 

   USB connect to 

         computer 

    



  

 

 

 

 

 

 

                    Path of pedestrian 



  

 

 

 

 

 

 

                     



HOW DID THE PEDESTRIAN  

GET THERE ? 

• EYE WITNESSES 

• PATH OF PEDESTRIAN  

• PEDESTRIAN INJURIES 

• WALKING SPEED OF PEDESTRIAN 

• PARKED VEHICLES ? 



Include parked vehicle(s)    

 in the drawing 



HOW DID THE PED GET THERE? 

Pedestrian walking parallel to path of car, or 

pedestrian stationary when struck 

 

 

 

 

 

 

 



In line 

damages 

 



HOW DID THE PED GET THERE? 

  Pedestrian crossing the path of the car 







POI 

WHAT DIRECTION WAS PED WALKING? 

ROSA 

CINTRON 

WITNESS 

SAYS 



POI 

WHAT DIRECTION WAS PED WALKING? 

DEFENDANT 

SAYS 



scrapes on bumper 



scrapes on bumper 



 

 



The medical examiner or 

forensic pathologist may be 

a valuable witness. 



HOW DID THE PEDESTRIAN 

GET THERE:   THE AUTOPSY 



CSI 

 ROAD 

CONTACT 

 VEHICLE 

CONTACT 



  How much time did it take 

for the pedestrian to reach 

the POI (AOI) ? 

 

( pedestrian walking speed ) 

 

   



 

Walking speeds (ft/sec) 

for 30 yr old males: 

           LOW  HIGH 

     (10TH %ile) (90TH %ile) 

   

 Hermance  4.80  6.50 

 Thompson  3.39  5.53 

 Eubanks   4.60  5.80 

 Boise State U. 4.21  6.53 

 San Diego  4.80  6.50 

 



     ? 

5.8 ft/sec 

5.6 ft/sec 

5.4 ft/sec  

5.3 ft/sec  

5.2 ft/sec    

5.2 ft/sec 

5.1 ft/sec 

4.6 ft/sec 

    ? 

 

90th percentile value 

10th percentile value 



     ? 

5.8 ft/sec 

5.6 ft/sec 

5.4 ft/sec  

5.3 ft/sec 20% fall outside the 

5.2 ft/sec   published range 

5.2 ft/sec 

5.1 ft/sec 

4.6 ft/sec 

    ? 

 

90th percentile value 

10th percentile value 



 

Walking speeds (ft/sec) 

for 30 yr old males: 

           LOW  HIGH 

 

  Hermance  4.80  6.50 

 Thompson  3.39  5.53 

 Eubanks   4.60  5.80 

 Boise State U. 4.21  6.53 

 San Diego  4.80  6.50 

 



Def expert will pick a single value! 

 ALWAYS USE A  

 

 RANGE of values 



WHAT WAS THE VEHICLE 

SPEED ? 

 TIRE MARK EVIDENCE ( BRAKING ) 

 INJURIES ( forensic pathologist ) 

 THROW OF PEDESTRIAN BODY 

 HEAD STRIKE ON VEHICLE ??? 

 EVENT DATA RECORDER ( “black box” ) 



THROW OF THE 

PEDESTRIAN’S BODY 

Basic theory:  The faster the striking vehicle 

    speed, the farther the body will be thrown. 
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Trajectory of pedestrian’s body 

 

 

                                                                                           slide 

    impact (POI)      landing point  bounce            FRP 

 

         throw distance 



• THROTHTH 

THROW  DISTANCE 

POI FRP 



The POI may be challenged 

The FRP of the pedestrian may 

be challenged. 

 



 Garmin Forerunner 210  

    sport watch 

 

 

 

 Throw distance  

 from GPS data? 



  

 

 

 

 

 

 

                    Path of pedestrian 

d 



DANGER 

 
MATH 

ANXIETY 

AHEAD 



 

 

                             Θ  =  ? 

V =          √ 2 f g d  

                   cos Θ + ( f sin Θ) 

  GENERAL FORM OF THE SEARLE EQUATION, 1983 



 

 

                             Θ  =  ? 

V =          √ 2 f g d  

                   cos Θ + ( f sin Θ) 

      THE THROW MUST BE UNINTERRUPTED 



 The general form of the Searle 

equation can be solved for a 

 

    MINIMUM SPEED 

    MAXIMUM SPEED 



Vmin    =        2 f g d  

         1 + f2 

 

Vmax  =  √ 2 f g d  

          

 



Vmin    =        2 f g d  

         1 + f2 

 

Vmax  =  √ 2 f g d  

          

 



 

• Stcherbatcheff (combined air/ground)  .40 – 71 
Collins      .80 

• Searle      .66 - .79 

• Limpert      .7 – 1.2 

• Eubanks, p. 93     .65 - .92 

• Becke      .61 - .71 

• Schneider      .81 – 1.02 

• Severy      .80 – 1.2 

• IPTM chart     .60 - .90 

• IPTM, people tumbling    1.0 

• Eubanks, personal communication  .80 – 1.1 

drag factor values from literature: 



Searle Speed chart: 

     

Speed of the 

pedestrian body 
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The speed is for the 

pedestrian’s body,  

not the vehicle. 

SAE # 831622 



CRASH TESTS:   1983 - 1993 



Field studies of pedestrian impacts   

 (Aronberg, Bratten, Appel, etc.) 

 

Each researcher developed an equation, 
based on the empirical data. 

 

1993 – Searle validates his equation  
with the other researchers’ data  

 



SAE 2014-01-470  “Pedestrian Impact 

on Low Friction Surfaces” 

 

The tests were done on snow or icy 

surfaces with low f values. 

 97 test collisions 

Searle calculation validated in 

every test 

 



Validation of pedestrian throw 

equations: 

• Using video of pedestrian collisions 

• Videos show throw equations are 

valid 

 
Forensic Science International, Volume 257,  

 Dec 2015,  pp. 409-412 

 

 

 



Back to the case in Brooklyn 





Speed from throw distance: 

 (without the math) 

  Appel     55.0 mph 

  Searle    54.2 mph 

  Sterbatchoff   49.2 mph 

  Wood    53.8 mph 

  Bratten    51.3 mph 

  Limpert    54.2 mph 

 

 



      Defendant stated that he braked 

just before hitting the pedestrians, but   

he was too close to them to stop. 



Speed from throw distance: 

 (without the math) 

  Appel     55.0 mph 

  Searle    54.2 mph 

  Sterbatchoff   49.2 mph 

  Wood    53.8 mph 

  Bratten    51.3 mph 

  Limpert    54.2 mph 

 

 Speed from braking distance 52.4 mph 

 



RESULT ONE: 
 DEFENSE EXPERT DID NOT TESTIFY 
 

   RESULT TWO: 
  NO CROSS EXAMINATION ON SPEED 

 
RESULT THREE: 

CONVICTION 



 

 
Just trying to get the driver’s 

speed down a little. 



Not a  forward projection 
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d 

The evidence without the in-car video 



Vmin    =      2 f g d          d ≈ 15 ft 

       1 + f2 

 

Vmin    =  22 ft/sec  =  15 mph 

 

√ 



EXPERT USES PUBLISHED 

CHART TO ESTIMATE 

DEFENDANT’S SPEED 

DEFENSE: 



PEDESTRIAN DYNAMICS: 



CSI 



Caviat: 

 “The head strike chart 

should never be used as the 

sole method of estimating 

vehicle speed.” 



TESTING PARAMETERS: 

 TEST DUMMY IS  5’10.7”  TALL 

 

 VEHICLE HAS PONTOON NOSE 



Expert incorrectly applies 

head strike chart to estimate speed: 

   “Tests have indicated a head strike near 

the end of the hood/bottom of the 

windshield equates to a 25-30 mph impact 

speed.  If I apply the general principle of 

impact strike locations, then the speed of 

the Windstar when it struck the pedestrian 

is between 25-30 mph.” 



 

 

NOT a pontoon nose 



THE HEAD STRIKE CHART 

DEPENDS ON :  

    VICTIM HEIGHT 

   VEHICLE GEOMETRY 

 

Current consensus is that the 

head strike chart may have 

limited usefulness! 



Garmin portable 

GPS 

24 hours of data speed every second 

             downloadable with   Cellebrite 



A new source of GPS data: 

Insurance  

   monitoring 



VIDEO CAMERAS 

 

store cameras 

traffic monitors 

parking lots 

municipal buildings 

parking garages 

in-car cameras 
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 WAS THE COLLISION 

AVOIDABLE ? 



Beware of the  

human factors expert ! 



HUMAN FACTORS: 

   perception-reaction time 

   pedestrian walking speed 

 

       use a RANGE of values 

 



Point of First Possible 

Perception 

 

( PFPP ) 

 Where does the analysis  

of avoidance start? 



What is the point of first  

possible perception ? 

 

 



It is the vehicle location 

WHEN THE DANGER 

PRESENTS. 



SIGHT DISTANCE 

 

 



You are driving on a rural road … 





Did you see the pedestrian 

on the right side walking 

toward you ? 









 

 

POINT OF FIRST POSSIBLE 

PERCEPTION 

 

 

 

may not be the same as 

 

SIGHT DISTANCE 

 



State v. Williams 

• daytime pedestrian collision 

• Williams traveling 65 mph in 

posted 35 

• jogger assumed to be running at 

a speed of 10 ft/sec 

• police determine PFPP at scene 

 



Police report: 

“I could see the crosswalk from at least    

240 ft East of the stop bar.  From the 

defendant’s elevated seating position in 

the truck the crosswalk was visible to       

lkjlkj for a greater distance.  With 240 ft of 

visibility, at the posted speed of 35 mph, 

the defendant had 4.66 seconds to initiate 

an evasive action.”  



 

240 ft from crosswalk 



My comment: 

At 4.66 seconds before impact, 

the pedestrian, running at a 

speed of 10 ft/sec, would have 

been 46.6 ft from the POI (out 

of sight).   





 

 

POINT OF FIRST POSSIBLE 

PERCEPTION 

 

 

 

may be the same as 

 

SIGHT DISTANCE 

 



On a rural road the defendant 

approaches a pedestrian from 

behind who is in the travel lane.  





Beware of the  

“one size fits all”  

number ! 



Hospital policy  

on pedestrian clothing ? 



IN-CAR VIDEO 
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-2.0 sec 



-0.6 sec 



0.0 sec 



Impact Configuration 

 

 

 

                  

              

                                

 

 

Q.  Where was the car at the point of first   

 possible perception (of a danger)? 



Impact Configuration 

 

 

 

                d  

              

                               Sw 

 

 



Impact Configuration 

 

 

 

                d 

tw          

to get to the POI             

                               Sw 

 

 



Backing the Car to the PFPP 

 

 
 

 d 

      Sc 

use tw to find d 
  

  

 



dr da 

PHASES IN IMPACT AVOIDANCE 

REACTION 

     

VEHICLE  

AVOIDANCE 



The PRT process (and impairment) 



The PRT process (and impairment) 



Recognition may not be as 

simple as you think! 



Jim Sobek     

Clearly Visible Presentations, LLC 



Jim Sobek     

Clearly Visible Presentations, LLC 



 “There is no such thing as the 

human perception-reaction time.” 

 
     Dr. Marc Green 
     visualexpert.com  
 
 

PRT is a statistical concept ! 





 
Paul L. Olson 

  

“... is a good upper bound 

estimate, meaning that a 

substantial percentage (i.e. 85% 

to 95%) of reasonably alert 

drivers will respond within 1.5 

(1.6) seconds.” 

     

 



1.5 sec is the 90th %ile 

 1.5 sec 



1.5 sec is the 90th %ile 

 1.5 sec 

10% 90% 



2.5 seconds   “... large 

enough to include the time 

taken by nearly all (90% of all) 

drivers under most highway 

conditions.” 

   AASHTO Policy on Design  

   Standards for Highways 

 



How would you 
perform in a PRT 

test? 



What is a 
reasonable RANGE 

of  PRT values? 



 
“The probable range of perception-

response times for reasonably 

straightforward situations should be 

0.75 to about 1.5 (1.6) seconds.” 

 Paul L. Olson, Forensic Aspects of Driver 

 Perception and Response, 1996, p. 187 



WAS THE COLLISION AVOIDABLE? 

         COULD THE COLLISION BE  

       AVOIDED BY A SOBER DRIVER 

OPERATING AT THE POSTED SPEED ? 



d  =  1.47 S t 

    reaction distance:  

 the distance the vehicle moves during 

 the operator’s PRT 

 

  



dr db 

f

S
d

30

2

     

    braking distance:  

 the distance it takes for the brakes to 

 stop the vehicle   



dr db 

   TOTAL STOPPING DISTANCE 

ds  =  1.47St  +   
f

S
d

30

2

     + 



TOTAL STOPPING DISTANCE 

 30 mph, sober       106 ft 

 50 mph, impaired                            243 ft 



Remember the walking speeds: 

  Thompson     3.39 - 5.53  ft/sec 

 

The AVOIDANCE calculation   

   starts by selecting a walking speed    



Impact Configuration 

 

 

 

                d  

Sw = 3.39 – 5.53          

 

                               Sw 

 



Impact Configuration 

 

 

 

                d 

tw = d / 1.47 Sw           

                                Sw   

 

 

 tw =3.24–1.99 sec 



Backing the Car to a Prior Point 

 

 
 

 d 

 

d (available distance)=190 –116 ft 

stopping distance = 159 ft 

 

 



DEFENSES: 
 

• OPERATOR ID ( hit-run) 

 

• PEDESTRIAN AT FAULT 

 

• GLARE FROM ONCOMING VEHICLE 

 

• UNCERTAIN POI or FRP OF BODY 

 

• CONTAMINATION OF CRIME SCENE 





http://www.legalsciences.com 

Podcasts & Radio 

   Prosecuting Pedestrian  

  Collisions 

 

http://www.legalsciences.com/

