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1% Absteoct

This reprst swunmarizes the results of the second year of a program
of research directed toward the development and field testing of 4 computer
program and associated optical measurement sy..em to aid the investigntion
and reporting of highway accidents,

The overall system is aimed at providing a capab’lily of processirg
and evaluating scene data, via radic confact with a remote computer, while E
the investigators are at the accident scene.

Included are detailed comparisons of responses and damage predicted
by the developed analytical procedure with corresponding measurements {rom
staged collisions. Field trial results with the optical measurement systemn
are alsc presented,

It is concluded thet the feasibility of the nverall system concept has
been established. Remaining difficulties with bardware, that ara primarily
sssociated with the communications link, are discussed.
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FOREWORD.

This jeport summarizes the results of the second vear of a program
of research directed toward the development and field testing of a computer
program and associated optical measurement systemn to aid the investigation
and reporting of highway accidents. The reported research was performed
under Contract Ne. DOT-HS-053-1-146 with the Research Institute of the
National Highway Traffic Safety Administration, U, S. Department of
Transportation. The opinions, findings, and conclusions expressed in this
report are those of the aathors and not necessarily tuose of the National

Mighway Traffic Safety Administration,

‘This report has been reviewed and is approved by:

Cns . Gt

Edwin A, Kidd, Head
Transportation Research Department
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SUMMARY

A computer program and an associated optical mezsurement systam
have been developed to aid ths investigation of highway accidents., They
are aimed at providing a capability of procecsing and evaluating scene data,
via radic centact with a remote computer, while the investigators are at

the accident scene.

Results of the second year of effort are presented and discussed.
They include detnailed comparisons of respunses and damage predicted by
the developed analytical procedure with corresponding measurements
{rom stajed coilisions, Field trial resclts with the optical measurement

system are presented, P
It is concluded that the feasibility of the overall systemn concept has

been estzblished. Remaining difficulties with hardware, that are primariy ;

associated with the communications link, are discussed.
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|3 INTROCDUCTION

1.1 Backuroﬂi}gm

The overall objective of the reported research is to develop and ficld
test a system for processing and cvaluating highwav accident data while the
investigators are at the scene, via radio ¢oniact with a reconstruction comn
puter program. The system is almed at achieving improved quality and
completeness in the reporting of physical evidence and improved uniformiiy
in its interpretation in terms of estimation of impact conditions and

categorization of occupant exposures.,

Reconstruction of highway accidents is a process whereby the possible
ranges of unknown variables in the sequenrce of events are bracketed on the
basis of interpretation of the available physical evidence and, to a lesser
extent, the testimony of witnesses and/or drivers. Attempts to achieve a
"fit' to the overail body of evidence are mode by means of iterative adiust~
ments of the unknown variables and corresponding applications «f the physica:

laws to individual events in the sequence,

Presently, reconstruction techniques are applied in only a very
limited number of accident cases, Inthose case-, the necessity both for
selection of appropriate assunptions and aprroximations and for applications

of judgment tend to produce a nonuniferm treatment of the physical evidence.

The present research is aimed at providing a means for achieving

uniform applications of analytical procedures to highway accidents and,

thereby, providing a basis for refinement of the categorization of occupant
expasures. It is alsc expected to provide improved information on the roles
of vehicle and/or highway defects and of driver judgment in accident
causation, Application of reconstruction calculations while the evidence is

readily available for checking er for making 2dditional measurements will

i ZM-5096-V-1
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serve to insuare that all data are compatible and that the definition of the
event is compiele. It can also serve te provide guidance to the investipators
for seeking evidence of effects of damage and/or driver control inputs, in

cases where such effects are indicated by the reconstruction results,

The intc:ncied end product of the present research is an analytical
procedure with the minimum complexity compatible with the objectives.
The basis for this selection of approach is the belief that greater benefits
will be derived from a dovelopment effort which will permit widespread
applications of & simplified data processing procedure than from an

cquivalent effort applied to the advz:mc;ement of analytical techniques,

During the first yeaur, an ;mal;ﬁical approach for accident reconstruction
and an optical technique for scene measurements werc sclected and defined
{Reference 1}, Initial development wr;rk within the first year yielded results
that supported the feasibility of the concept. The second year effort,
reported herein, has been directed toward completion of dovelopment and

performance of field trials.

1.2 Creanization of This Repowt

Conclusions and recommend:itions based on results of the second year
cfforts of this research are presented in Section 2.0, The results of the
rescarch are summarized in Section 3. 0.

References are listed in Scction 4.0,

Details of the analytical deveolopments and of the optical measurement

procedure are presented in Appendices 1 throuph 6.

2  ZM-5096-V-1



2.0 CONCLUSIONS AND RECONMMENDAT HONS

2.1 Conclusions
2.1.1 The feasibility of rapidly processing and evaluating data

transmitted from an accident scene has been established by results obltained

during the second year of this research.

The planned ultimate form of the overall system, which
will make use of a single computer facility, could not be
implemented during the reported second year of effort
because of limitations of core storage on readily available
time-sharing facilities (e.g., the Computes Search
Corporation XDS Sigma-7 computer has a maximum of
80K bytes of storage 2vailable in the lLime«slaring mode),
Because of its prescat core reguirement (168K ytes),

the Simulation Maodel of Automobile Collisions (SMAC)
program has been operated on the Calspan computer

(IBM 3607163}, While future Calspan Corporation plans
include the addition of facilities for transmitting and
receiving data, such facilities were not available within
the performance pericd of the presently reported research,
Thus, the best approximartion of the ultimate system that
could be implemented included substantial time lags,

It is described in the following paragraph.

Measured data were transmitted to the Computer Search
Sigma-7, via mobile telephone, for processing. Tte
processed data, in additian to being transmitted back to the
scene for tabular printoul, were transmitted te an existing
remote terminal at Calspan where they were punched on
paper tape. The paper tape data were converted to IBM
cards for use in producing a computer graphics display of
the scene and for the developmens ¢ inputs for the SMAC
program,

The fact that each component of the system was successiully
operated is considered to have established feasibility. It is
believed that the time lags can be reduced substantiaily by
one of several possible courses of further development,

For example, 2 minicomputer on board the investigation
vehicle could serve to partially process the measurement
data, fcr checking purposes, subseguent to which radio
transmission could be made to a Calspan receiver with a
tape interface on the IBM 370/165. Also, it should be noted
that the SMAC core requirement can probably be reduced sub-
stantially by pregramming changes directed at that objective,

3 ZM-5096.V-1



2.2 The Simulatior. Model of Autumobile Collisions {(SMAC)
computer pregram constifutes a sionificant advance in the state of the art

of accident reconstruction,

The detailed correlation of cutput iformation from the
SMAC program (kinematics, vehicle demage, acceleration
components and tire tracks? with corresponding results of
staged collisions has Leen demonstrated to be surprisingly
pood, in view of the exteonsive simplifying assumptions and
the use ot "typical” vehicle parameters {Reference 1 and
Section 3, 1) The program gencrality permits inclusion of effects
or control inputs, damage to the running pear, lerrain

zones with different frictinon properties {e.g., pavement

and roadside surfaces) and variation of the effective tire-
tervain friction coefficiont with speed. The auxiltary
computer graphics routine {Section 3. 3) generates pictorial
displays of the reconstructed accident, including complote
tire tracks for comparison with the frequently fragmentary
scence data and predicted damage of the vehicles. The

SMAC computer proprans is cons:dered to potentially be a
highty beneficial tool for catenorization of occupant
expasures and for investipation of causal factors in off-scene
apwlications te adeguiately reported accident cases as well

ar an the intended on-scvene applications.

2.3.3 The data acgunisition system for scene measurements has

bcen made operational and has proven to perform as intended.

A number of remaining problem arcas must be resolved
belore the system can be considered ready for meaningfil
field testing, Primary among these is the communications
link between the scene and the remote computer, Also,

on the basis of the limited experience gained with the system
by trained accident investigators a need exists for additional
measurement code categories. Particularly desirable are
additional scenc data codes such as lane markings, signs,
signal liphts, etc.

2.1.4 The use of a mobile telenhone as a communications link to

the computer is unacceptable as the system is currently intended to operate.

Applications of the systermn have been intarrupted repeatedly
by disconnections from the computer that have been produced
by interference signals in the mobile phone link,

4 LZM-5096-V-1



2, 1.5 A conventional passenper sedan is not a suitable vehicle

for transporting the investigators and the optical meagurement system
P L = Y

equaipment to the scenes of accidents.

The present vehicle {1972 Chrysler, 4 door sedan) does
not have sufiicient space for convenient stowape of the
necessary equipment, The layout of equipment that is
made necessary by physical constraints of the vehicle
results in an extensive amount of lost motion,

2. 1,06 An auxiliary form of eommunications is needed between the

transit/terminal operator and.the investigator who holds the stadia rod.

systemn

Long distances between the two investigators and/or lLeavy
nearby trafric tend to make vocal communication difficult,

2.2 Recommendations

2.2, Development anu field testing of the accident investigation

should be continued,

In its present state of development, each compeonent of the
scene measurement and data processing systern has been
demonstrated to perform successfully, However, a number
of frustrating problems with hardware have impeded the

rate of progress toward making the overall system fully
operational frorn the zccident scene. In particular, the usc
of a mobile “elephone for data transmission and the separcte
use of a time-~sharing computer {conversion of transit data
into scene dimension format) and a batch processing
computer (reconstruction calculations) have creanted problems
and complexity in applications of the system, The mobile
phone data link, which is similar to a party-line telephone,
hag been ueed successfully for short time periods but the
probiems of inter/zrence signals and inadvertent discennection
during the relatively prolonged process of obtaining scene
measurerments have made the present mode of cperation
unaccaeptable for fieid appiications.

i

ZM-5096-V-1



Because of the need for o time-sharing computer capability
for ivutial processivrg of dote taken with the optical racesures
mient system {e., to concert the Lransit date into rectangular
coordinates in the seloctad reforence system ana to display

it for confirmaner by the transit operator) and the tact that
the available time-shiring equiprient has insufficient core

for the fieveloned accidert reconstruction program, it is
currently necessuary to raake use of two separate computer
facilitirs to compliete the processing of scene data, Howsever,
a number of possibilitics {or svstem modificatinng to alleviite
communications problems and tu consclidaie the data processing
in a sinple computer facility are currentiy being expiored.

In view of the above consitderations, the recommoender] ¢aine
tinuation of system development and field testing woeuld include
revisions and further development of system hardware prior
to initiation of ficlsd testing using police personnel. The
objective of such ficld testing would be to investigate the
training nceds 5o usc of the fully developed system and the
feasibility of its adoption by police investipators,

2,2.2 Effort should be continved on the development of an autornatic

iteration process for the SMNAC prograni,

An automatic iteration process with the SMAC program, to
achicve a "best [it" to the physical evidence at the scence has
been extensively planned but has not yet been implemented.
The delay in implementation ks been prompted, in part, by
a desire to gain expericnce with manval iteration of the
reconstruction calculations inapplications to actual highway
accidents, Alse, it has heen necessary to devote primary
attention and efforts to the cited problems with the scenc
measurement system, in order that phvsical evidence could
be generated in the fuormat of that systemn, As a result, it
will be necessary to apply a continuing analytical and
programming effort to achieve the desired anutematic recon-
struction process and to incorporate analylical refinements
as further experience is gained. A fully automatic iteration
process is scen as an essential {eature of the overall system,
prior to its widespread application, in order that uniform
interpretations of physical evidence can be achieved,

6 ZM-5096-V.]



2,2.3 The SMAC preogram should be applied to adeguately
reported, existing accident cases to achieve improved caregorization of

crash victim exposures.

A _celeration data predicted by the SMAC program, such as o
that depicted in Figures 25 and 28, could serve as a basis {or '
refined categorization of expesures in statistical apalyses of
{he injury consequences of accidents, In particular, if the area
under the resultant center-of-gravity acceleration curve were
determined [ive., for values greater than an arbitrarily
salected threshold of, perhaps, one "oty it would provide a
airect indication of the velocity change, AV, experienced

by the passenger compartment during the coliision. Sucha
measure would constitute a substantially more meaningful
guantity than cither the “impact' gzpeed or the "travel' speed

in relation to 1i.2 severity of exposure of the vehicle cccupants.
Combination of &V, as herein defined, with the angular
orientation of the peak resultant acceleration (currently deter-
mined in the SMAC program as a part of the VI caleulation)
would permit the generation of polar plots, such as that
depictcd in Figure 1, in which the injury severity for & given
seated position and condition of restraint could be displayed,
Given a sufficient nurnber of such data points from acrual
accidents, boundary curve:c could be developed for percentiles
of the various injury severity leveis.

In this manter, a basis could be provided for comparisons ¢f
cotlisien performance between vehicles and for measures of
the effectiveness of protective devices.

2,2.4 The SMAC program, in combination with accelerator sled
experiments, should be applied to the calibration of anthropometric dummy

responses for injury interpretations,

Interpretation of measured dummy responses interms of the
corresponding injury potential {or humans constitutes a highly
controversial aspect of MV35 208, One source of difficulty is
the lock of a "one to one'' relationship between the dynamic
responses of existing dummies and those of living humans.
Another is the fact that differences exist between sensor
mounting methods and positions, and resulting frequency
response characteristics, in the cases of the specimens used
in tests of impact tolerances {i.e., animaly, cadavers,
volunteers) and in anthropometiis dummies.

7 | ZM-5096-V-1 -
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A long ranpe appronch to the alleviation of this problem is
to strive for a test dummy which will appioach s Yene to one
clutionship with the resnonses of a Iiving hurman, However,
WIPGSt Le Fed opmraed that, desunite future trtanrovemnerts,
durrmies will continue to be test devices that reguire
calibration,
The presently recommended research task wousld be aimed
at defining calibration factors for existing dummies,
instrumented 1n accordance with MVSS 208, Ly means of
direct correlation of their micasured responses with injuries
that have occurred in actual highway accidents. The SMAC
program would be applied to reconstruct the vehicle dynamics
in selected, actual injury-producing accidents, Physical
simulation of the injury producing conditions, by means of an
accelerator sled, would be used (o determine the corresponding
measured responses of existing dummies under the specific
conditions of restraint. By this means, the measured dummy
responses could be dirvectly correlated with injuries to living
hurmans.

2.2.5 Further applications of the overall EyStem to stoped

RER SR A

collisions, inwhicn the impact conditions are kept unknown until complerion

i

of the reconstruction, should be performed,

Applications of this type constitute the only means of

. achieving a realistic evaluation of the accuracy of any existing
techniques for reconstruction of impact conditians, in view
of the use of "typical' vehicle parameters and, frequently, of
estimated tire-ground friction coefficients. .n staped collisicns
with known impact conditions, it is obviously possible to adiust
estimated parameters and, thereby, to achieve a misleadin-~
degree of agreement with the physical evidence.

2.2.6 Effort should be continued on the development of computer

routines for processing indirect evidence.

The existing investigation systemn processes only direct
physical evidence, as required to reconstruct the collision
sequence. Effort has been applied to the task of expanding
the data processing capabilities to include indirect
supporting evidence {e.g., informaticn about the driver,
the existence and timing of traffic control signals, steering
column deformation, elc.). The GM Long Form

9 ZM-5096-V.}



(GN PG 2070, "Collision Performance and Injury Report')
has Leen used 08 a guide inthis effort. However, computer
programming has not yet been initiated on this aspect of

the investigation system,

10 ZM-5096-V-1

A i o e

[

1



3.0 DISCUSSIC! CF HESULTS

During this sevond year of the research pregram, effort has been
concentrated on completion of development and field testing of the overall
measurement and reconstruction system descrilied in Reference 1. While
the rate of progress toward a fully operationail system hss Leen somewhat
slower than projected, the results obtained frem trial applications of the
various components of the system continue to be most encouraging, In
pariicular, the degree of success achieved in reconstructing stapged collisions
and in predicting VDI (Vebicle Damage Index) ratinps for given impact

conditicns has surpasscd expectations, in viev. of the analytical simplifications,

The required extent ol develepmaeant eiforts on both the SMAC program
and the optical measurement system sz;iajstantially exceecded original estimates
and, as a result, it was necessary to curtail the levels of effort on other
tasks. For this rcason, the to' . ~umber of accident events at which the
system could be {ield tested within the constraints of available funding and

time fell ¢hort of that cnvisioned in the proposal,

Results obtained in trial applications of the system clearly indicate
that the overall objectives of thir research are feasible., However, a number
of minor difficulties with hardware remain to be overcome prior te its full
implementation (see Scction 3.4)., Progress in ficld testing the accident
reconstruction system at actusl highway accidents and, as experience is
gained, inthe progressive inzorporation of indirect supporting evidence
was impeded by a number of {rustrating minor problems with hardware. As
a result, it was possible to obtain complete measurements with the optical
systern at the scene of only one actual highway accident. In parallel with
the continuing cfforts to overcoine hardware problems in the optical meas-
urement system, applications of the SMAC computer program were made
toc scene data obtained by conventional means from two actual accidents and

graphic displays were developed for both measured and 1 econstructed scene

data,

11 ZM-5096-V-1




Specific accomplishanents during the zecond year of the rescarch

program are discussed invhe following parapraphs.

3.1 Acovlent Reconstruction Computer Propram

A substantia® amount of programming and analytical effort was found
te Lo required to complete development of a post-processing routine for
cencrating Vehicle Damage Indices {VDI) from predictions of damage
cenerated by the SMAC (Simulation AModel of Autorsnbile Collisions) coma-
puter program,  The routine is basd on SAE Recomniended Praclive J2245.
A significant number of changes of the VDI routine outlined in Reforence ]
were found to be necessary to achicve satisfactory results. In particdar,
difficulties were encountered with corner damage and with damagpe
castribution. A revised outline of the calculation procedure is presented

in Appendix I,

Analytical effort was appliced to the task o developing logic to seleet
system parameters and initial conditions for inputs to the SMAC compnter
program {sce Appendix 2 for SMAC inpur format) and to automatically adjus
the initizl conditions in iterative attempts to achleve agreament with the
physical evidence. Progress in this task was impeded by the delayed
availability of VDI outputs from the reconstruction calculations, which will
play an important role in the planned iterative preocedure. Inpu! parameters

for four categories of 2uteinobile size are presented in Appendin 3,

Analytical and propramming effort was applied to the task of
pencroting computer graphics displays of both analytical reconstructions
and measured data frorm the accident scene, The highly successful results

of this effort sre reported in Section 3.3 and Appendix 5,

12 ZM-5096-V-1
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3.1.1 Comparisan of Analytical Predictions of Damage
and Responses with Resulte of Staved Collisions

the reconstruction computer program was applied to eipht staged

collisions and two actual highway accidents for which investigator rated
VDI's (Vehicle Damape Indices, SAE 7224a} were available, invelving a
total of cighteen damaged vehicles, These trial applications to a relatively
wide variety of impact conditions revealed needs for a number of program
revisions both in the collision routines {Subroutines COLL and SETIND}
and in the post-processing routine {for generating Vehivle Damage Indices
(Subroutine DAMAGE), Subsequent to each program revision, repeated

runs were performed for all cases,

One result of this developmental exercise is a remarkably good
correlation between analytically predicted and investigator rated VDI's,
Results from the cited eipght staged cases and from applications to two
actual highway accidents are presented in Table 1. The prescented com-
parisons for the eipht staped collisions constitute a check of the validity
of both the Simulation Model of Automobile Coulisions {SMAC) computar
program and the VDI routine, since measured coilision conditions were
used as preogram inputs and the validity of the predicted VDI rating is, of
course, entircly dependent upon the sccuracy of analytical predictions ot

damage.

The "investigator rated" VDI valucs that are presented for each of
the eiphteen damaged vehicles in Tabie | were independently generated by
experienced members of the Calspan Accident Investigation Section. Four
of the staged accidents are baseline tests that were performed within
separate Calspan research programs on structural crashworthiness
{Contract Nos, FH-11-7622 and FH-11-6918, References 3 and 4). Ancther
{Calspan Test No. i14)was performed as a part of a study of underride/
override of frontal structures {Contract Wo, FH-~11-7317, Reference 5).
The other three staged accidents {MRA Test Nos, 1, 2, and 3} were

performed within the present rescarch contract,

13 ZM-5086-V.1

ol LA, et et

o b—

I T ST P S e o & o e R

RSP PP .

| PSP



VIIl AVS

{(.6'02 = 7)) ankyjan

' i
€ TON Bullas ey PMIAATLT tmIAaATI 0e79¢ M_ piod 996 _ HdW 070t vidtaatg IvS
TON AU T 5 EMIAAZL _ Ly paost 9y41 ” 62 R
1 "oN sulposuy EMIUAT! MAAdZl 1 2t A HAW 6 7L -t 19121vg FYS
“_ i
R e T ! rg .
o1 INIa421 GMIAAZ1 ! elt oo 1940 8961 1 1IN 8°¢E S[31yoA [Ivw§ A s9re
. un-ped ‘TeILo
ZMAATL ¢ MAAAZ1 390 PICS BOGT | M §°€¥ QPR 4
: _
gAY CMIAIY UEGE ARUD £Y6T IV §70¢
I "ON VUK [euel g 335330 .2
ERISC BN sMIrAl] 0eht AOYD P61 HAIN £710¢
EFANCIINIREY P33 A Y20 LGRY PL04 8961 0
¥é . wovdwy WpI§ L CF
t3IUAZ] tFI AT 06%¢ P104 §90t FIAIN L 7¢t
PMIAULO P LU0 V9§Y F401 8961 0
&v —— 1oedway opig L 06
PFINCISIE Y PRINCTER: g GUdy * P10 8961 m HedIN 979
‘ON 153 SIS, [ENDy | UOIIdINoaH ME-1438 ¢ w QWYIA . vdwii jO vonyeandLOY
ysei) jo Huney JIVINS UEIET SR BRIty uo1stIe)
2EIG~IMT TVYD rojuidingaau] aponan M Litooray

_x9puy afewieg L2143

SONILVH I

A Q3HASYIN GNY 3003 ba

1] d'1dv L

ZM-5036-V.1

14



wea de] soylvy vonwandyuo) de) $9TLassedg o paseyf

(siuap1o0y Avayihig jeniay) AP0 A JO SAN[UA UOLOTA JEULDIY

vPZer AVS

q
FMAHUTO0 FMAATOL o19¢ | winowdid P96l | HAW 9°2¢
49-7L "ON SMAUTI0T
EE vds e edwy oprg
2 wRAsIED ZMAAAI0 LA IHT0 9p2¢ eson | HAW po2b predi] 9piS .06
WwuraayD 7L6l e
LMAQATL | emMIAAT 06L7 |SNGO131N uadem
Gy-74 ‘oN “5910A [Llul . .
2s5€7) ueds[e sedeuy 1vol g snb
= e 2MHZAT0 £MI A0 128€ 006 d1xeley | HAW Frzi| Tl IHmedd enbiao
PIoq 1461 -
IMAZTI80 CMTATION aree aupag *a(g 7 HdW §°2¢
¢ oo £ MA I THO IMAZT6O yinowdd #3401
so o 12edus) spig anbe
190 VHEN EMAZUZ0 TMAZE0 $60¢ uode HW 0°¢¢ 1 opis 9nbHao
AH Y10 tMAAdZ0 uoney ag b
Ummvxfw;u anmuﬂ
IMAZTIL ZMIAZTH0 QL0 uodem AW §792
uoriviq "I p
7 o Sligadu) v961
153 A sedwip opic dnb -
A 734 4850 143 3410 0Fts wepas 1 7 | HdW 0722 iauCHL opiE SabHAEO
f yinouwdig 961
0N 3Ny SHIDY I A [ENIDY] UoIIDIpaL g T8GT DIIYIA 1vedugg 10O uonvanidijuoy
ysexl 30 autiey IDVING Mo s oMt oY UoIs11190
a1edg~([nf uvdsiey d0mdrsaaug IOWGI A Apoaioy
xapu] odvwie adas
Pt a 21313A (panuniued) | TV L

"ZM-5096-V-]

15




s

It should be noted that the analytical predictions for the first six
cases in Table 1 were each run using the measured imypact velocities and
weights {t.e., there was no attemypt te reconstruct the impact canditions
{from the rest positions and physical evidence). Also, since {ive of these
six collisions wera run within crashworthiness-related research proprams,
the repcrting intlose cases »f rest positions and physical evidence, other
than damage, was frapmentary at best, Finally, it should be recognized
that the investigator-rated values for VDI's involve opinions and that they

may not be exactly the same when rated by different investigators.

In each run of the SMAC computer program, for which results are
presented, 'typical' parameters other than weights were usced (sce
Appendix 3). For each of the staged collisions actual measured weights
and correspondingly adjusted estimates of the complete-vehicie moments
of inertia in yaw were used {i,e., the radius of gyration was held constant
within each vehicle categary), In the two actual accident cases, estirnated
weights based on published data were used, In Calspan Case No. 72-613,
the cstimated moment of inertia in yaw of the Velkswapgen microbus was

varied, as discussed in Scction 3.1, 3.

In tha case of the first two staged impacts in Table | {Calspan Cracsh
Test Nos. 49 and 54), a trailinp cable on the striking vehicle was abruptly
braked at approximately 0.250 seconds after contact., Inputs correspording
to locked-wheel brake forces applicd by the striking vehicle subsequent to
separation have, therefore, been used to generate similar decelerations of
the striking vehicles after separation of the two vehicles (i, e., to prevent
multiple impacts). Inthe computer run corresponding to the 27 offset
frontal {(MRA Test No, 1), the left front wheels of both vehicles were braked
at t » 0. 100 seconds to simulate the effects of wheel damage on the "spin-out"
trajectories. Similarly, the {roni wheels of the Cpel in the frontal, head-on
{(Calspan Crash Test No. 14) and of the crash vehicle in the SAE barrier

perpendicuiar crash {Baseline No. 1) were braked at t = 0, 100 seconds.

S ZM-5096-V.]



The effects of a locked wheel on "sp n-out” trajectories have penerally
been funnd to be of secandary importance. However, they tend, inthe caze
of directly invelved wheels, to be inthe direction of improving agreement
with the experiniental respenses. Therelore, the assumpiion has been marle
that directly invoived wheels are damaged and locked by the collision event.

It should be noted that the program automatically limits the input values of
braking forces to make them compatible with the wheel loadings and the

specified tire-terrain {riction coeflicient(sl.

o the case of the obligue barrizr collision (Bascline No. 2}, the
vehicle was supported on caster wheels in the crash approach. For this
reason, the simulation run incl.des both front wheel and rear axie steeresd
angles and a reduced value is assumed for the effective tize~terrain friction

coefiicient {i,e.,, 0.4 is used}.

The oaly Ttuning’ adjustment thar was made in vehicle paremeters
was in the "representative' value for the lead«deflection claracter.stic
of the poripharal structure (}{‘\,) which was held constant for gach vehicle
catepery (Appendix 3) in all of the presented runs, The value o',:‘ this
parameter for full-size vehicles was reduced from the 75 lb/’inh, which
was found to yisld reasonable results inthe runs presented in Referernce H
{1669 vintage vehicles with no guantitative information available on the
extent of damage], to 30 lb/'mz in order to achieve improved agreement
with the measured extents of residual deformation., It should be roted tial,
for a given amount of eneryy absorption, the extent of deflection of a lirear

spring varies inversely with the sguare root of the stiffness.

2
Thus, a reduction {rom 75 to 30 1b/in  would p: »duce only a 23% increase
in the deflection for equal amounts of energy absorption. Values of
2 2
30 1b/in” for full-size vehicles and 30 1b/in” for the single included sub-

cornpact vehicie have been apolied uniformly around the peripheries of the

17 ZNM-509c-Ve]



vehicles for which resalis are presented. The stiffness value of 50 lb/ing
for full-size velicles, which corresponds to a given vertical dimension for
the contact area, agrevs closely with the 12 6 g's per font reported by
Emori (Reference 61 for full frontal contacts., (Appendix 3, Size Catepory 4,
Vehicle Width = 79,2 inches, {79.2H50) = 3960 ib/im, (3960MIZY 0 47,520 1bs /i1,
For the full-size vehicle weignts in the firet six runs for which results are
presented, the indicated stiffness corresponds to the range of 12.0 10

15.3 pts/foot.} In the case of the subcompact vehicle, a similar caleulation
vields 10.2 p's/ft, It should be noted, however, that the presented exneri-
ments included only one subcompact vehicle and that further comparisong
between predictions and experiments are necessary before a "typical

stiffness value for subcompact vehicles can be defined with confidence.

The callision cases that are included in Table I are discussed in

greater detail in the following pa ragraphs.

90° Side Impact, Calspan Test No, 40

In Tuble ), it is scen that identical agreement has been achieved
between the predicted and the investigator-rated VDI's for both vehicles.
Photographs of the damaged vehicles are presented in Figure 2, and a
computer praphics display of the corresponding SMAC prediction is
presented in Figure 3. The maximum interior width reduction of the struck
vehicle is given as 22.3 inches (Reference 3), znd the corresponcing SMAC
prediction of indentation depth is 20.3 inchee, Permanent deformation of
the impacting vehicle was "essentially limited to the front two feet™

(Reference 3). The corresponding SMAC prediction is 20,3 inches,

Additional correlation exists with other response measures including
the sideward movement of the struck vehicle which is reported {Reference 3)
as being "about 35 feet", The SMAC prediction for sideward movement of

the center of gravity of the struck vehicle is 38.6 feect.

18 ZM-5096-V-]
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While the simplified analytical treatruent of the vehicle structures
in the SMAC pregram precludes valid predictisons of details of the actual
acceleration waveisrms, comparisnns with experimental data presente in
Keference | and in the following paragraphs of this report indicate that the
precicted peak acceleration values and the durations of predicted impacts
each correlate'reaso:lably well wilh measured responses. It should be noted
that the areas under the predicted acceleratinn curves (i.c., the velocity
changes that occur during the collision) result directly from application of
the principle of Conzervation of Momentum in the SMAC program and,
therefore, they are vsscntially independent of the assumed structural crush
properties. The assumed crush properties do determine the durations of
predicted impacts and, thereby, the extent of the generally small geometric
changes that sccur during collision contacts, They also influence the
predicted intervehicle friction forces., The comparisons with experimental
data, which include generally pood correlation between the predicted and
measured extents of vehicle damage, are considered to constitute evidence
of the adequacy of the analytical assumptions of the SMAC program for
generating realictic and reasonably accuratz predictions of vehicle accel-

erations,

The peak value for the longitudinal acceleration component of the
passenger compartment of the striking vehicle iy reported in Reference 3
as -22 g's and the corresponding velocity change is given as 28,1 MPH,
The corresponding SMAC predictions are -22,3 g's and 31.9 MPH (s=¢
Figure 4A).

Lateral accelzration responses of the struck vehicle passenger com-
partment were measured at several locations on the floorpan, A Yzer~ ghift"
is present in each of the data channels between 0,10 and 0,20 scconds due to
an instrumentation malfunction, hut this period is rather late in the collision,
The waveforms contain streng localized effects as a result of the extensive
deformation of the floorpan, Peak lateral acceleration of the passenger

compartment {iporpan on the side oppesite impact {relatively undefcrmed)

21 ZM-509¢6-V-1
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is repericd in Reference 3 to be about =20 g's, Figure 48 shows the meas-
vred lateral acceleration responses at the struck vehicle floorpan tunnel

ond

location and the corresponding SMAC prediction,

45° Side Impact, Calspar Test No, 54

in Table 1, it is scen that identical apreement has been achivved
between the predicted and the investigator rated VDI's for the striking
vehicle, but that three discrepancies exist in the VDI's for the struchk
vehicle. Photographs of the damaged vehicles are presented in Figure 5,
and a computer graphics display of the corresponding SMAC prediction is

presented in Figure 6,

At initial contact, the direction of meticn of the s-trikin;:, vehicle
relative to the struck vehicle corresponds to a 1:30 o'clock direction for
the struck vehicle., The predicted principal force nccurs 0,094 seconds
after initial contact, at which time the predicted relative angle has decreascn
by only 0.%6 degrees. However, the predicted principal force, which
consiste of components normal and tangential {i.e., intervehicle {ricticn)
to the interface occurs at an angle of 57.9 with respect to the struck vehicle
{t.e., 1:56 n'clock) and at 13,2° with respect to the striking vehicle {i.e.,
12:26 o*clock)., Thus, the SMAC prediction of the 2 o'clock direction for the
struck vehicle appears to be correctly derived and perhaps more nearly

correct than the investigatar rating in this case.

The predicted Y value in Column 4 for the struck vehicle was pre-
duced by a secondary sideswipe contact in the SMAC prediction which extended
the damaged regicn approximately fourteen inches forward of the passanger

compartment area with an indentation depth of only approximately 1.3 inches.

23 ZM-5696-V.1
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The precicted extent number of 4 {Column 7 of VDi} corresponds to
a deflection excezding the 3 cutegory by only 0.92 inches. The measured
maximum depth of indenratioe of the side of the struck veliclie is given in
Reference 3 as 19 inches, whereas the corresponding SMAC prediction is
20.8 inches.

The struck vehicle is reports>d 13 Reference 3 to have been rotated
“about 135° by the impact'., Inthe }:)redif.‘ted collision a rotation of only £0°
oceurred, possibly hecause of the cited secondary sideswipe contact inthe
prediction. Note that snagging on the test track goide raiie may also have
occurred in the test and influenced the yaw behavior of the struck vehicle

during the "spin-out',

The longitudinal acceleralion response of the impacting vehicle, as
measured at the left front corner and digitally f{iltered at 50 Hz (cutoff
frequency), is displayed in Figure 7A, The corresponding SMAC prediction
{for longitudinal acceleration at the center of gravity} is alse shown in

&

Figure 7A,

In figare 7B, a similar comparison is presented of the measured
lateral acceleration responge of the struck vehicle (left rear corner) and

the corresponding SMAC prediction.

The correlation achieved in this case is considered to be very good.
It is likely that small changes in the impact configucation or in vehicle
dimensions and pararneters could yield even closer correlation, However,

the purpote of the present comparizons has been tc establish the gross

validity of SMAC predictions using "typical™ dimensions and "representative"

parameters,

26  ZM-5096.V-1

. a4 Kot e e R i ;—MM.M

e ks o ek s % i ot PR R g <+



i o AR Rt e T, S e e R A TR Y S S i vt M AR e % s xS o 1 et 30 rp e menen o e iy e nljﬁnﬂ
i e . -

P A B A e T

0

- -

. 1 ]

G

&

ISNO4SIH NOILVYHITIZDVY TWHILVYT FTOIHIA HONUHLS 8f s4nbiy iy

]

pe

. - o 4 + + Z
b : ﬁ DU T RS A - Y e T T T | | I |
_ ] m : NERTEATRE SESE NPT TS S : : P b
¥ t ¢ b f ¥ M v % s @ : ¢ ! ' ! |
' IR . S P Co R . 2
: (3LV4d TH 051 QIUOSYIN ———r “ . _ ‘ : i : _
NOHLOIOIHd DVINE oo - m , . ; ,
.t : o, . . . . \/\,ﬂ ' . L, .- -
v ' : Ad
.. - " . . . : . : . : . N f /_, ' n ot w
‘ : . ” \( \ Q 4 . ' “JM
- \ 4\:1[ = = l/i L P LN ﬂ _ - ﬂhlu

i .i\ f/.\ -

, ~

~
ISNOLSIYH NOILVHITIOOV TYNIGNLIONDT I THIA ONILIVINI VL e2nbi]

CTAATTY W T gEREDY
15003 €33 - Jeii .h3AD
® - L4 7 ® o - n o o

w
N i " L -

{H3£7T1d TH 05} QIHNSVIN

—————— _

_

NOILDIGIHd SYWS - oo u

| \/(L

\.g




2! Offset Frontal, MIEA Test No, |}

Photopraphs of the dumaped vehicles aned detailed svene data for this
collision are presested in Section 3.2, A cornputer graphics display of the

SMAC prediction is showan in Figure 8,

Ir Table 1, it is secen that the predicted and investigator rated VII's
for the 1964 Chevrolet are in identical agreement. Forthe 14903 Chevrolet,
a discrepancy of ang category exists 1n the extent of defarimationg {fcotumn 7)
of the VDI, In view of the relatively larpe mmagritudes of the frontal deflections

the agreement is considered to be good.

The extent of yaw rotation of the vehicles in Fipure 8 is Iess than that
tn the experiment (Section 3.2), This disc repancy is believed tu be due, at
lcast in part, to the neplect of pitching motions in the Mancamotinn SMAC
sintulation, A further discussion of this error source is presented in thoe

diszussion of Calspan Case No. 72-01 (Seclion I, 1.3).
!

Accelerations were measured oudy in the 1964 Chevrolet, Predicted
and measured timu-historics of the longitudinal acceleration are presented
in Figure 9 for comparison. It may be scen that the general nature and

rmplitudes of the waveforms are in reasonably good agreement,

Frontal Yead-On, Large va. Smail Vehicle,
Calspan Tost No, 14

This experiment was selected to test the capability of the SMAC
program for treatmient of collisions between vehicles of different sizesx,
The closing speed of approximateiy 88 miles/hour produced a relatively
severe cvent, The extensive nature of the damage is shown in Figure 10.
A computer graphics display of the SMAC prediction for this collision is

presented ‘n Figure 11,
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In Table I, it may be scen that only one discrepancy exists between
the predicted and investigator-rated VIDUs, The predicted extent of defor-
mation {column 7 of VDRIt for the Ford is ane category higher than the value
assigned by the investigator,

Time-histories of longitudinal accelerations, velocities and dis-
placements of the two vehicles as measured and reported in Reference 5
and as predicted by the SMAC program are presented in Figures 12 and 13
far comparison, It may be seen in Figures 12 and 13 that the effective
coctiicient of restitution generated by the SMAC program is too la rge in
the present case. However, in view of the large exteat of damage, it must
be recognized that the range of validity ¢ the simplified treatment of crush
properties {Reference 1) has been exceeded in this case, In fact, the depree
of correlation with the experimental data in Figures 12 and 13 must be

viewed us being surprisingly pood.

SAE Parrier, Paerpendicular to Wall,
Basgscline No, 1

This experiment was selected to test the capability of the SMAC
program for treatment of rigid obstacles. The impact speed of 37.9 MPi}
produced extensive damage, as shown in Figure 4. A computer graphics

display of the SMAC prodiction for this collision is presented in Figure 13,

In Table ', it may be seen'that identical agreement was achieved

between the predicted and investigator-rated VDI's.

In Figure 16, time-histories of longitudinal deceleration, velocity
and displacemenl as mcasured and reported in Reference 4 and as predictod
by the SMAC program are presented for comparison, It should be noted that
the experimental time-history of velocity, which is labeled "velocity charge!
in Reference 4, was adjusted upward by the amoun: of the rebound velocits.
The displayed SMAC prediction of velocity does not include snch an adjustnient,
An initial velocity of 37,9 MPH is reportec in Refetence 4,
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CATR Barrier, O lique, thaselineg Mo, 5

This relatively severe ¢ llision cordition produced extensive danag.e,

- I

as shown in Ficure 17, A co, srater praptios display of the SMAC prodiction

F L

for this caze i ncsented in - Sotire an,

In Table 3, 5t ds seen that the predicted and investicator rated VI g

are in agreement with the excertion of the extent of deformation {column 7,

In Figure 19A, the mugnitode of the dige repancy is shown, It should be noted
that the large deformaion iy boevoend the ranpe where aceurate simulation
> i rould be expected. i tow of the si: Fifhmed *remntys et ’ ‘Bicle
restats would be expected, in view of the SIMpiiited treatrnent of vebicle

crush in the SATAC prograni,

In Figure 1913, it may be scen that a reasoralldy pood approximation
of the resultant compartrnent nee cleratinon wasz achivved, despite the erroncoas

prodiviion of the entent of damace.

The remminder of the cellicioan cases included tn Uable ] dre disciusser

biithe following twe soctiors.

3.1.2 Eoconst ruction «f Impac! Conditions
{rom Phvsical Evidence

A realistic evaluation of the validity and aceracy of any procedre

for accident reconstruction niust inciude applications to staped collistons

0

for which the mitind conditions 4w kept unkoown unril the rocenstroct;
s completed,  inthe pProesuntly reported researcly, two sncl applications
were perfermed. IUis believed thar further eve raises of this type, in which
comparisons can be made between reconst ructed and mansured impact
corditions subsequent to completion of a Case, wauld b hiphly beneficial,
Results of the two applications ave discussed ir the following, It should

be noted that hardware diffica’tics with the optical mcasurenient sysier

see Section 3.4} limited the avarlable measured data for these o slications.
_ Pi

3g ZM-5096. V]

.




L b MR T I

[~
.u.wmﬂ.h.w.xr?i,, b=

ANP-0006V -



D e o s L

e R S

T e e e e

DEF RIS I = RR TN TR R N

S 'ON INI3SYY H0J SHIH4GVHY HILNJINOD 8L aundy

ivam it T3 Al

ZMe5096-Va)

]

AR

I M R S O L

[ e iy

Yy P O Y | w A

P _ S
. -
: BT Vo A H /
X i \.,,
L s ot o A
vl 7B 3TNk -
i
1
} ‘
{ ——
S | -
N -
FEN o Y N P
P R N
. s v LU
'
i3 IR e HIN
PoulliiTle e T
oozl 1B FITTH
.
GO A YSE - nn) a3lewnd ey
R I T
.
Qb T TRl 2 T T T
Ehedidw oy INg NJTSITT00
-

COLLLOHITED sy TGOS 90 SLOGIT0 G0 200 D IHasa)



— STD. CAR PROFILE

— = - BASELINE & 40MPH BARRILR IMPACT

FEEY
"""" SMAC PREDICTIGN SCALE e
1
n v J-—_/\ f\ FRONY aKLE
RE &R DOUR FRONY G(){-):t#_ - -..
3 Vo
1 [
I A
| | "
| !
] H
e ! -
| ! .
! }
[ {
i |
! !
Lo /
e
i A

i N
Tervaes SUAC PREDICTION ey /-' -
_—/ " — .
e UNEILTERED DAT A } RPIE
PR -
—— e FILTLRED GATA CHL R a e
: )

&

3

K
i

1

—

[V RPN IErY LA
. S
. it~
“ [ SN 6 fal .
Tharopr
— 4
i
¢
L
\r("a' 1‘3&&43
-,

w
-
T ws
L]
Lo
- :?-‘
,__‘f*i"‘.
- 4
R g
L]
S
e ]
- %
S
s
£ ]
<47
] -
— T
»
.
Foa
&t
+ {i
LT
1 ek ‘
N
(_’;f."
aﬂ}
o
7
i)
g
7
h )

Figure 188 BASELINE TEST NO. 5: COMPARTMENT RESULTANT ACCELERATION DATA i

42 ZM-5006-v.] 1




P
I . - - -
¢
'
MRA Test No. 2
A relatively Fnrge nuraher of iterations wore performed with the
S5MIAC provra B thie case withont achioviag a highly acouraie matel .1
the rest posilions and ariontutions,  The actaal vehicles wore welphod
during this process. Also, experimental stopping distance data were used
- to establish the surface iriction properties. After twelve runs, the
recoastruction disvlayed in Figure 20 was concluded to be a “best {ig"
. {see scene data in Section 3,29, Camparisan with the measured speed datna
viclded the foliowing rather disappointing results:
3
;
S , — .
vl Medsured Speeds, MPH SMAC Speceds, MPhi
E Vehicle Travel Limnpact Travel Lona ot
H
H
‘ "1 27.0 2700 30.4 0.0
: ' {+12, 670 (+11.17%)
2
; 2 29,0 20,5 25,4 2,3
i {(-10.77) (-12.17
)
3 Subsequeni ta this comparison, the moasured spreds were vused an
s. the SMAC propram and the predicted rest positions and crientations wore
3 found tv still be a poor (it to the correspending measurements, Variations
P . . v - . -
- inthe interpretation of stopping distauce data for surface friction proopertios
[ {sec Appendix 1) were tried without significan improvenants,
N 4
= The nature of the errors suppested an experimental proeblem, A
2 J P
i detailed review of hiph-speed films revealed that release of the tow caule
! on velicle 7l was detayed until the eallision was in prog. res, In offeet,
!
i I the cable applied an impulse to vehicle #1 which vialated the assumption
kb - regarding conservation of momentum.
2
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2
3
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To contirm the theory that the inadvertent cahle impulse, which
1oft no physical evidence, was the scurce of the analytical discrepancics,
the SMNMAC program wase run again with the measurerd impact speeds and
with maximum four-wheel tractive effort applied to vehicle #1 for the
approximate duration of the cable pull, The rosults, which are displayed
in Figure 21, agree much more closely with the scene data than any of the
previous simulation runs, It was therefore concluded that the delayeod
cable release was the source of the reconstruction difficulties and that the

127 error was not a true indication of the SMAC program capabilitics.

MRA Test No, 3

After only four runs of the SMAC program, a relatively pood fit to
the measured data was achieved (see Figure 22 and scenc data in Scction 3.2%,
While further runs could have been ysed to improve the fit, the desire to
complete this comparison for inclusion in the Second Quarterly Progress

Report led tu a termination of the iteration process. The results were as

foliows:
Measured Speeds, MFi] SMAC Specds, AMPH
Vehicle Travel Impact Travel Impact
- #1 36.5 33.0 36,7 32,7
{+0.5%) {~15)
#2 36.0% 32.5 46,0 3i.8
(+2 8% )= ~2,2%}

* see following paragraph

With the exception of the travel speed of vehicle #2, the reconstruction
accuracy in this case is excellent, Fifty foot long pre-imnact skid marks
were measured for vebicle #2, but the measured time-history of the spoed
of vehicle #2 did not indicate a corresponding deceleration. A review of
high-speed motion picture films revealed that the skid marks were produced

during a preceding trial run of the vehicle,

45 ZM-50%96-V-)
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On the basis of the resulis obtained in the preceding trial applications,
it is belicved that § 57, accuracy is o orealistic expectalion for roeesonst ruct od
irapiact speeds in weneral anplications (oo, where more corrplicated cant rol

irputs may occur). Furiheor exercises of thig type will be necessary o

establish the actual accuracy,

3.1.13 Reconstruction of Actual Hiplaway Accidents

An automatic iteration process for the SMAC computer, tondhicve
a "best fit” to the physical evidence at the scene, bhas been extensively
planaed but has ot yvet been implemiented,  The delay in implementation has
been prompted byl a desire to pain experionce with manual iferation of the
reconstruction calcuiations in applications to actual highway accidents,
Alsa, it has bheern ecessary inthe second year of this rescarch ta dovotoe
primary attention and efforts to the cited problems with the SCaie Mieas-
urement systeny, inorder that physical evidence can be penerated in the
format of that system. A fully automatic iteration pracess is scen as an
essential feature of the overall system in its ultimate form, prior to widea
spread applications, in order that uniform interpicrations of physical

evidence can be ach:aved.,

In the absence of data measured witk the optical system at the scencs
of actual hiphway accidents, the SMAC program has been applied {0 twa
cases inwhich the scene data were obtained by conventional means withia
the TLAS research nrogram. The results of two such applications are

presented and discussed in the following paragraphs,

“Contract Nos. DOT-H5-053-1-277 (NHTSA) and Calspan 7202-C-129
(MVMA).
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Calsran Urse Noo 72-01

An accident schematic for this case is presented in Fipure 23, The
corresponding SMAC reconstruction is displayed in Figure 24,

In this case, a relatively large rumber of runs were performed in an
attempt to achieve a "best fit' to the physical evidence., It was found in the
SMAC runs that the predicted lateral movement of the VW Micrabus was
consistontly preater than the corresponding reasured dimension and (hat
the predicted yaw rotation was consistently less than that measured. Because
this combination of discrepancies could be produced by the use of an excese
sively large estimate for the yaw moment of incrtia of the VW Microbus,
effort was directed toward (1) refining the estimate and (2} atternpting to

obtain measured data {ram the vehicle manufacturer.

On the basis of a detailed review of available moment of inertia data
for approximately ten U, S, automobiles and station wagons {including a rear
engine Corvair 2 door hardtop) the value for the complete-vehicle yaw
moment of inertia of the VW Microbus was estimated to lie in the range of
16,000 to 20, 000 1b-—sec2-in {i.e., corresponding to a radius of gyrationin

the range of 47. ) to 52,6 inches),

The vehicie manufacturer provided a value for the desired guantity .
in an unfamiliar, gravitational system of units (299,47 Kilopond- \Jeter-Sm )}.
Because a straightforward conversion of the indicated value to 1b sec -in
yieids a value that appears to be too large {i.e., 25,993 Eh-Sec"-in, with a
corresponding radius of gyration of 60 inches in a vehicle witl 3 94.5 inch
wheelbase), a further request has been made either for radius of gyration
informaticon or for a conversion by VW of the previously provided quantity

into slug-ftz.

In the absence of definitive information regarding the actual yaw
moment of inertia, exploratory runs of the SMAC program were performed

using values near the lower enc of the estimated range, Such runs were

49 ZM-5096+V-
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found to vield oniv minor improvemients in the indicated prediction discrep-

ancies,

Cunothe basis of rosalis ohtained with theas exploratory variations of
the vaw mament of vaertia of the VW, {f is hypothesized that thie remaining
siscerepancies botween SMAC predictions and the reparted behaviar of the
“icrobus are primarily the results of [orward pitching of the Microtus
“nch s not ancluded, of course, in the plane-imotion SMAC simulation. The
Altcrobus, which has a bigh iloar and, tonsequently, a relatively high contes
of gravity would be expacted to piteh somewhat more than a conventioral
sedin when contacted at an elevation corresponding to the bumper height of
the Ford sedan, The investigator of (Iys vase indicates that the tire miarks
ace by the rear wheels Af the VW during the yaw rotation showed evidence

P substantially reduced Joading of the rear tires. Also, exploratory ruos
with 2 vone of reduced friction coefficient under Lthe rear wheels of the VW

wore found to vield reductions in the indicated reconstruction discerepancives.,

Therefore, it is tontatively concivded that the assumption uf plane
motion in the SAMAC simalation propram, with corresponding constant Lire
Ioadings throuchout the ¢ollision and spinout, is the primary source of
reconstruction discrepancics in the present casoe, However, since excellent
agrcement has been achicved in comparisons of SMAC predictions with a
number of staged collisions, including intersection types {Heference 1 anc
Scctions 3, 0.1 and 3.1.2 of this report) it is further coneluded that the
ratvture of vehicle types and the particular collision conditions in the prosent
case have combined to amplify the errors produced by the cited analytical

simplification,

The following discrepancies exist between the {inal reconstruction

{(Figure 24) and the reported scene data {Figure 23),
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Vehicle ¥ 1 Vehicle #2

- ! ' - '] i -
! ?
X 4 & X Y 4

Scene
Data . 38, 4 16, 91t 20,07 13,2 B4 0l
SMAC
Feconstruction 39,1 16,91 28, 3¢ 13,0 12,7t 7.6
Difference 0,71 0.0 8.3° 0,21 4.3 S, .

In Fipure 25, predicted time-histories of the longitudinal and lateral
acceleration components of the two vehicles at their centers of gravity are

displayed.

Calspan Case No, 72-813

An accident schermatic for this casc is presented in Fipure 26, The

corresponding SMAC reconstruction is displayed in Figure 27,

In this case, therc arc the complications of ice alang the side of the
pavement and a secondary tree impact, The purpose of the presently reported
reconstructions has been, of course, to gain experience in dealing with such
complications of actual highway accidents in applications of the SMAC

program.

In the final SMAC reconstruction {Figure 27), Vehidle No, 2 was run
out only to the point of tree contact. An attempt to treat the tree as a vehicle
{i.e., a small rectanpular vehicle with a stiff structure and extremely iarue
inertia) in a restart during the spinout of Vehicle No. 2 was abandoned because

of related difficulties with the logic of the SMAC collision program,
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e R

S e
i
l}
o The extent of yaw rotation of Vehicle No, | was found to be relatively
sensitive to the detailed impact configuration {i.e,, the vehicle POsiTinNs at
i initial contact and the individual speeds). The fital SMAC recerstruction
run {Fipure 26€) did not place Vehicle No. | sxactly inthe reported rest
position aad orientation. However, further iterations were not considered
to be worthwhile in view of both the generally pood agreement with uther
L aspects of the case and the fact that tha pavement {riction coefficient was
estimated by the investigator. It should also be noted that Vehicle No, 1,
. —— 58
| in the displayed SAMAC run, stops just short of the ice an which it wauld
. have tended to -ctate further,
; The following discrepancies exist between the final FECONS' ruction
4 ' (Figure 27} and the reported scene data {Figure 26).
E
Vehicle # 1 F Vehio e nof
4 X‘ )/’ w Xf yf ;[,
L Scene
o Data =23t 21,5 -170° PREN 3gt 327
. SMAC
. Reconstruction | -23.0' | 16.9' | .13g,6° =26.0' | 38.8! 32,9
: Difference 0.0 4.0 31.4¢ 2,0 3,4t 0,60
: e
3 At tree contact,
9
T
7 In Figure 28, predicted titne-histories of the longitudinal and lateral
. ) acceleration components of the two vehicles, at their centers of gravity,
-
are displayed.
)
;/ -
|
44 .
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3,2 Staged Callisions

Tie iratial staped accidert within this rescarch contract was pertarined
during the first gquarter of the performaace period. U look the form of &
head-cn collision at approximately 30 MPH (60 MPH ciosing speed) with an
offset of 2 feet .betwcen vehicle centerlines, In this 1nitial case, an experiment
with instrumented durnmies was "piggybacked’, and the costs of test perfar-
mance were shared with NHTSA Contract No, FH-11-7592 and MVMA Contract
No, Calspan 7002~C-7. Because of this fact, the approximate collision
conditions were known prior to initiation of the reconstruction process.

Thus, the experiment served primarily as an iritial exercise for the various
components of the overall system rather than as a direct evaluation of
reconstruction accuracy. Scene data are shown in Figures 29 and 30 .
Sand was applicd to the surface in the area of the impact point in an attempt
to reduce the tire-terrain {riction coefficicnt and more clea riy delincate
tire evidence since the vehicies were not braked and skid marks were

expected to be minimat.

The other two staged collisions scheduled for this rescarch program
were performed during the second quarter of the research program. The
objective vt these two experimental crashes was Lo provide cases in which
measured data, that were kept unknown during the reconstruction PEOCCSS,
would be available for comparison with the final anzlytical results, This
"closed loop" form of evaluation of reconstruction accuracy is belicved to
be unigque, Yet, without such an evaluation, it is impossible to estublish a

confidence level for reconstructed impact conditions.

Scene data for the second staged collision are presented in Figures 31
and 32 . It should be noted that a delayed release of the trw cable on
Vehicle /) in this case is believed to have irfluenced the collision resulta

sufficiently to preclude a highly accurate reconstruction (see Section 3,3,24,
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Figure 30 VEHICLE DAMAGE IN MRA TEST NO. 1, 2' OFFSET FRONTAL
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Scene data for the third staged collision are presented in Figures 33

and 34.

Resulfs of analyvrical reconstructions of the threo collisions arc
presented and discussed 1t Sections 3, 1,1 and 3,1, 2.

-
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Figure 34 VEHMICLE DAMAGE IN MRA TEST NG, 3
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3.3 Comumster Gronhics Roatines

i

3.3, The Need For a Oraphics
Accident Revnnstriesiions

Visplay of

Computer analysis of physical systems has until recently been
directly usable only by the technically skilled. The reason is that the
necessary communications meditm was computer printout, whose compact
tabulations and specialized codes can be decinhered ordy by experts. it
would be unrvasonable, as a part of the present research, to expect nolice
investipators to leaf throuph many pages of tabular conipitor printant and
to rapidly comprehend the results of a computer-predicted accident
reconstruction.. Computer graphics displavs to summarirze the resulls

appear to offer a solution ta this prablem,

Computer graphics displays can cormbine pictorial and printed data,
The pictorial data may be two or three dimoensional, and it provides the
user with rapld comprehension of physical motions, suchas hn dynamic
interaction of two automobiles in collision., To pavaphrase an old idior,

"A picture is worth a thousand pages of printout,

3,3.2 The Selected Format for Noconstruction Craphics

Figure 35 is an exaniple of a computer graphic display of ocutputs of
the accident reconstruction program, The important features of this

display are!

1. The title and date of the accident are displayed,
2. A sct of labeled reference axes is provided,
3. The initial contact positions of each vehicle are

displayced with broken jines,

67 ZMa5096-Ve)
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. The final compitod pesiticns of the vehic

displaycd with predicted damage indicat
with the origiral gutlines of Lthe velicles
by dotteu ines,

ies are
rfoovread

R RA

inticated

5. All displayed vehicles are clea riy tdentified with

the center of gravity and forward direction noted,

6. Simalatea tire tracks are plotted with diashed {racks

indicating refling wheels and solid trocks indicating

skidaing.

7. A tabular listing is provided of the positions arnd

erientations of the two vehicles at impact and in the

final displayed positions, the predicted VDI

{Vehiclte Darnage Indexy and the elapsed t
1

ime from

initial contaet at which the simulatinn halted of

eitiicr vehicie had not came to rest befer

of the simulation,

8. The axis scale is indicatod,

3,3.3 Description of Reconst ruction Grankics

e the end

Pricess

Reconstruction Graphic Data Tape

As a standard output of the aceident reconstruction sima! atior,

rogram, a magpgnetic tape 18 created which contains most of the tnform ation
[*4 3 g P

reguired by the reconstruction raphics program, This inforrnation incin.s
¥ g f e

the initial and final positions of the vehicles, the associ

ated tire tracks,

the vehicle damage indices and definitions of the damaype praofiies,
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Adull desoription of thee 1o astructior gravhic data tape is provided

o Appendin 5

*The POt et an STt S Dregraln first reads the Afcare-

mentioned tape and oxtracts and foro s the ats. A spectal Tayout subragtinge

tares into account the nitial and Yinal positions of the vebicles

, The poant oy
vontact, ang thie smignn ot the spave=tiNer axig systen, plus the are sice
intowhich the progranme e dewlres to draw the plotare,  This Tayv ot
subpropram determrne, the rober - cade Thotors to e gy Ly the plor i

prograns,

The reconstruction araphivs bropears Prae eedds toodeaw o oyt

positions ol the velincles (i, At Ui ¢ 0o L8 i tial Contacty, the jiaod
pasitions of the veloeles (with Predictes dainsoe cirplaged) and the 1
tracks, The vekicles aredaboled and the Spicae finved anes e dra o or

amadly, abong the esvterior o0 the picecrie datue, b areciousio ne:

tehubar daty are olotoea, The roes

STHE N VAo 18 ot S g L £
recanstructed acoulent,
.ﬁ. 3.4 :T"."f‘.‘i!iy.‘uh-!' Y, on gy

A rivor modificanos of the ahove hrowszs permos the gere 1o

buraphic disslavs f the anescenc trvestigmor's dota. The oanle o e 1o .

puothe picterials is tnat the damaer 18 1 dieplived onthe volieios ot v, iy

tinal nositions, cred that siimvalal v time st o POETE Ot rest andicat:

T Ty
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The accident data processing software prepares a paper tape con-
tainire the data used hy the graphics program. A special interface program
converts the paper tape inta 1BA cards Tar input to the graphics program,
The medificd version of the reconstruciing display program plots the
mueasured data With essentially the same pictorial faormat and scale as that
previously deseribed. Added features are the inclusion of terrzin and debris

data in the picture,

This investigator data display has utility in two areas. First, it
aupments the reconstruction display and aids the investigatar running the
reconstruction program in correliting his results, Seccand, it could be
used to provide a concise visual summary for the on-scene investipater
to aid him in validating his results., Also, it provides a standard foriant

for use in reporting and documenting accidents,
t K

3.3.5 Potential Extensions in the Application of
Accident Recanstruction Graphics

The accident reconstruction graphics capability that has been
developed can be expanded to add new dimensions to the toss] accident
reconstruction effort, Recently developed low cost, terminal-type plctting
devices can make instant on-scene verificaticn of the data possible. There
appears to be no Letter way for the accident imvestigator to verify his data

taking efferts than this “instant sranhics' a rezch,
2 prag PP

The developed displays can be worked into a computer terminal
interactive display system, enabling the accident reconstructor to compare
his recorstructions with the investigator data, to make spot charges from

the terminal, ard to rapidly zero in on the optimum rnateh of scene data.
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3.3.6 Surnivary of Recanstruction Granhies

The two tvies of developed dispiavs provide a umigae enhancernent

of the accident recanstraction process, Since the accider: reconstruction
system is almpd at eventual gereral use by non<technical personne:, it is
imperative that computer data be presented in a nen-tectnical, easily

comprehendablae format, The developed praphic displaye are believed to

constitute a giant step in that direction.

73 IM-50846-v.)



3041 Transit I stromens Dackace Develmayent

The purnese of the T rans=:t Instramest Packasge o8 Lo combine elevar! o
: .

's transit wath o code numbor

ard azimutn data fron an iestramenied survevor
tentered onthe cantrs] boxd ansd format 1t so 1t can be supplied to A remote .
computer terminal device., This remsto terminal device containg a modem

wiich then tracsntits the data {and other indormation typed in on the term

e
Lt
Revbhoardh to aocomiputer viaoa teiephoe Haeo The remote termianag s
for the 1nitial nratotene optical Ricesu rement svstem was an Execupart v hl
Ficure 37 illustrates the overall svstom configuration and Fizare 3%
Droesents the Hasio Bloca dingran: far the systent,
.40 10) Eauirment Descorintd o .
The artmarh ara glevaticn resolvers are attached to tie
trans.t oand ace vcannected tooa relov bhoax, The relav bex containg a4 oo
goable throw redav which selecrs the rosnlver to be connected 1o the
Astrosvsterss, nc. Digiral Avcle Meadout 1IDAR), The relay box aiso
contalins a Y positior rotary swoon which can be usod to selevr an autya Gt .
N
mede tiee,, The relav o aclects walch rescalver will be adtived, or the anin
vroelevat.an rescoiver alone,  The latier two nositions were intenoed {0y
Checrsat purpeses onlve A LED pilot Voot on the relay box is DIt wher the
Fesav oas adtivate:d, )
The selected resciver sianal s then sert to the DAR, Thos wevice
orovides the angle information in 3 digit (degrees and hundredths of & decroees
in BID form. This dara is then conrected to the Digital Circuitry,
The Control Hon contains five letter tvpe thumbwheel switches, two
LI piiot hights ang a pushbutton switeh, The thumbwheel switches are
usec to enter the code for each reading. Tle pilot lights indicate which
T4 ZM-30%8-Va1
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reading is to be taken noxt, that is, the top or bottem reading, The push-
button is depressed to start the Jeta entering cycle. The Control Box alzo
contiins same dicral clyeuit: v wnich will Le disrussed later, The signal
which controls the relay passes through the control baox,

The Digital Circuitry tukes dara from the DAR and the code switches
and upon receint »f a start sigual from tone pushbutton produces the following

stream of data in ASCIH formar to the terminal.

Ve LAGmT LgT BOTTOM LIRS LT 1O 14 g1t
Lrant ATOP ATART Stow
L. 4 | ]
SO0EAT CODL B DIGITS ELEVATION AMGLL 4 THGITS A2t To Ahicr L et TOIYS ATIUT S ANSIT S DIGTT A LEVATION ARGLE TARAIAGS BRI TURK J

Notice that when the "TOP” Higla is Hif the code data, the elevation mnd
azimuth data for thie "TOPRY reading are sent. The systermns then stops,
ights the "BOTTOM" Lig)lt and waits {or tho pushbution tu be depresse b,
When this occurs the azin ith and elevation data for the "IBOTTOM" refding
are entered followed by a Carriage Return and the systems stops with the

"TOPR” lipht lit awaiting a "TOP" reading and repeat of the cyele,

3.4.1.2 Detailed Descrintion of Divital Circuitry .

A block dingram for the digital circuitry is shown in
Figure 39 ., It should ke noted that there are only four different wi rds of

data to be transmitted:

e DAR Numbers (elevation or arirnuth)

]
2. COLE Numbers '
3. Comma f
4, Carriage Return, .

7 ZM-5096-V.]
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Figure 39 DETAILED DIGITAL CIRCUITRY BLOCK CIAGRAM
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The appropriate data woid is selocted by the MNain Select circuit
te produce ine required data farmat described above. The cnmma ard
carriape relurs are wired in data,  ie the ASCIT for.mat 1oy nuenbers, 3 bils
are constant and are wired, 1 bit is nroduced by a parity penvrator and 4

bits are the same as the BCD representation of the number.,

- The BCD part of the nuraber data comos from one of twa 3 dipie
selectors. These select which digit of Code ar DA data is to be read,
While this function mickt have been performed by 2 sincle 10 Cipit solector
the use of two scleclory aljowed the Code selectar to Lo incorporated in
the control Lox, thus, preatly reducing the nuraber of wires needed botwoer

the control box and digital circuitry,

3.4.2 [iata Processing

A data processing prograny was developed for roading, transforming
ana codifyine transit micasurements. The program is « ritten in FORTRAN iy

onan XDS Sigma-7 coranuter and & Tisting is given in Appendix 6.,

The progrem is designed to accept a five digit code identifying the
type of physical evidence for which the sighting is Leing made, foll swed by
four five~digit numbers “epresenting the elevation and azimuth {relative 1o
the transit) of the top reference point of the stadia pole and the acimiath
and elevation of the bottom reference point., The four nurmbers renresenting
the anples arc then changed Lo floating point format with two significant
digits. A number of checks are made on the data to identify possible
errors introduced durirg transrnissine, If errors exist, a reqgucst is made

to transmit the current data point again,

If no errors are found, the transit measurements are converted into
space fixed coordinates by SUBRQUTINE TRNFRM, The code corresponding
to this point is then investigated and the coordinates are stored in the

appropriate category of measurement,
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Az oa back EARIRLINSLERLE S BT TS ST B S U S STRRCTCITETT SR catastronhie faidure
shoudal o CHEY 30 ew Do e [ 1 o ay e v the seene e Subentent s, ¢
Prans=et dhato ore Giec st rod L e Thert e file for Ve Broe e sy

An in{w,:‘:‘ DU PR I A ST P S HTe et s vsTeN Iy oo b ans of icI('-z‘.l::'f.'iwz;,

the mmeasuremoent Being take Plas s aveoarpdished Se the flve disit code

transmitted with the tranar poe rrentents s The seneral cateonries ofr

Mmedsarenments inclode cudes Tor veniel e Dositions, tire niacks, debris,
rosdwiy Taveut, and awis system defmiiion  Suboodes svailable onelu e
vehicke nomber, whee! BEIGh e, e ot pirg Mari, and tyne of debirie, A
complete Jisting of currentiy o avasbable cades with their does PULtTons 18 i,
BUADpendis &L I shauia He potod ) the data processing propgran and

the cnding format are suliic tently gconeral ta sllow insertion or delotion o
Hems as expoericnee dictates,

A oD Precednre o8 ont b ined Avpendis 6 for Pab i i s s et et o

weiths [T n.i;!i(';tl Sy eteny,

LI S ()btix vl .\?l‘-ihl:!‘l'!iu'!" i KR B (.}“)‘_;:”:_"

Upon coambleiton o 1 he Colspan dosivned e Built interfnce Laredo g, .
Phe optical Micasurement vsten was dssemibled foroan initial cheviout via
the medsurenient of o full-scale q¢. lent scene staged at Culspan,  Fipure 40
shows the assernblod sestem witlh o Vist of components, Fos thie test, tiy
communicaiions fink botwoon the toring and the time sharing system

wis accomplished with an oxtension telephare, In final forn, hawever, this

Fnkois a mobite telephone unit installed in the acdident investigatorts velicle

The accident seone was Investipated by a Calseanteany of 1 ri=Jllevel
Investivators and the Ceaditiomal Miethod of mMeasurerment was used (Migure 4115,
Sthsequently, the optical measarement system was conplovied Lo L asi e
the same scene. Two sets of Muedsurements were taken) one being hefore

the vehicles had been romoved from the scene, as scen in Figure 42 y el
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Transit instrurnented with Raecves Instrument Divisien,
Dynamics Cerporetion of Amnerica, Inc. Precision
Recsolvers for elevation and azimuth anole detection,
Agtrosystems Inc. Shaft Anple Encoder.

Calspan developed digital circuitry to convert output from
Shaft Anple Encoder to ASCI] ard store for transg-
mission,

Elevation/Azimuth relay unit,

Control urit,

Ececuport 300 remote time sharing terminal,

12 volt DO power supply.

Figure 40  INITIAL FORM OF GPTICAL MEASUREMENT SYSTEM
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Figure 41

.

TRADITIONAL INVESTIGATION AND MEASUREMENT OF Ti4E SCENE

£

gL P
ik

Figure 42 OPTICAL MEASUREMENT OF THE SCENE
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one set sfterward. The results of the twy measurement sefs were conmnnnred
and wite the excention of twa paints, weore within expected tolerances of
locating the stad @ nole, A comparison of the nplicnl system measurenionts
and investizotor's measurements 1s shovsre in Figvre 42 . The measurements
illustrate the vest position of the tires for each vehicle and nssociated tire
marks, The aureemient appears oxcellont, the sudy obvious discrepancy

being that of the left front tire ma rks of vehiele 1, Thie discrenancy probabiy

\

resulted fromy misplacemont of the <taziy pole iond should e casily carreciablia

when on-scene plotting of the evidence is available,

During the second quarter, the optical measurement Systen. oigginis.ent
was installed in the 1972 Chrysler supplicd for that purpose by the N1HESA,

The installation is shown in Figure 44 consisting of:

HR Execuport 300 computer terminal

2. DAR and electronic interface packaon

3. Mobile teleplione

4. T.ansit with angle resalvers aml'&c:ﬂ:::trnl hoses
5. DC to AC power inverter

i, Mobile telephone transceiver,

The cquipment 12 shown tn use at the scene of vne of the staged

accidenty cornducted witkin this research progratm in Migure 45,

Note that the Execuport 300 Computer Terninal shown in Figare 44
was borrow.d for use in system cevelopmoent and was renlaced Ly o
Porta Com Portable Co.nnuter Terminal which was purchased dyrirg
this second quarter, lustulation of the Fo.ta Com urit was delayrd duo
to some minor interface probleras betwesn the new terminal and the

electronic circuitry,
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Figure 45 OPTICAL MEASUREMENT OF SCENE
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During the course of prototvpe tevting & number of cquipment
problems were uncovered., When installed in the vebicls it was [ourd that
the A-C equipment required more current than Lke velicle alterrator VIS
capable of producing at idie, This resulted in a voltape drop to the DC to
AC inverter sufficient to trip the low voltagze proteciion breaker, It was
found necessary to install a manual throttle in the vehidle to increase the

engine idle speed and, thereby, prevent the cxcessive valtape drop,

It was also found that during use the Digital Angle Peadoul {DAR)
would on cecasion "hang up' and refuse to operate preperly. Consultation
with the supplier led to the identification of a defective 400 Hz oscillator
as being the source of the "hang up'. A new oscillator was ordered and

was instailed upon ite arrival,

The final source of hardware difficulty in the measurement system
proved to ho the mnobile telephone link between the computer terminal and
the computer, A number of tirmes while thoe system has boen in use, the
connection with the computer has been broken. It is suspected that the
connection was broken by another mobile phone user attempting to use the

channei over which the data were being transmitted,

An additional computer program was written on the time sha ring
system tn accept data fron: the transit data processing program and produace
4 punched paper tape that can be used as an interface to the Calspan com-
puter and plotting equipment. Thus, measured data {rem an accident sceng,
which are processed by the time sharing system, arc put on paper tape for
further processing by the Calspan computer center to generate a computer

graphics disvlay of the scene (see Section 3,3).
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3.4.4 Freld Testing of Systers

The accident investigation vehicie (1972 Chrvsler 4 door sedan) was
equipped with a two~way radio, and it was used as a "chase' vehicle in the
Calspan Tri-Level Accldent Stucy {T1AS) ;)rujccl“: in order fo permit
field testing of the optical measurement system at actual accident

scenes.,

A number of opportunities for applications of the System were
missecd because of difficulties with hardware. Also, it was neeessary to
terminale some attempted applications, The following problerns wore

involved.

{1 Application of the system was precluded during the early
portion of the third gquarter of the rescarch program by a dofective 4066 1y
oscillator in the Digital Angle Readeout (DAR), A replacement nscillator

was obtained and installed, and the MAR now funclions satisfactorily,

{(2) Until quite late in the third guarter, installation in the vehicle
of the "Porta Com" computer terminal purchased within this contract was
held up by delays in the delivery of parts required for compatible interfacc
circuitry, It was, therefore, necessary to borrow an "Execuport 300V
computer terminal, with wlichthe original interface was compatible, on
a daily basics. On several occasions, the "Execuport 300" was not available
vwhen candidate cases were being investigated. It should be noted that the
revised interface meets recently established industrv standards for computer .
terminal peripherals and it should, therefore, be compatible with all new

computer terminals,

“Contract Nos, DOT-HS-053-1-227 (NHTSA) and Calspan 7202-C-129
(MVMA).
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{3} The investigation vehicle was disalied Ly electrical probleme
on several occasions. Al tne scene ot one accident, the engine stallod and
could nol be restirted because of a "dead” battery. Inan attempt to Llleviae
such problems, a high capacity allernator and a dual baftery system ware

installed. .

{4} Communication butween the investigation vehicle and the fived
base computer his proven to be the major problem encountered during
attempted system usc, The mobile telephone that is currently used hay
caused a great deal of frustration of the system operatar. Typical problems
encountered include line noise, at times strong encuch to make data trans-
imission impossible, at other times only encugh to mask an cccasioral
transmitted character; random disconnects from the computer of unknown
origin; and complaints from the New York Telephone Company, The mobile
telephone system is in essence a party line systeim, and operation of the
mezsurement eauipment at an accident scene may requirc up to 1 1/2 hours
of connection time with the time-sharing computer., This means, of course,
that the mobile telephone channcl being used by the measurement system:
operater must be totally dedicated to the system during that time period,

It is suspected that some of the disconnects hive been caused by other
parties attermnpting to initiate a call on the channel in use. The telephoae
company has also received complaints from other subscribers in reiation
to the iong duration lack of availability of the mobile telephane channel

while the system is in operaticn.

Asg a result of the cited problems, it hus been possible to obtain
complete measurements with the optical system a® the scene of only one
actual highway accident to date, For that case, the measurement results
are presented in Figure 46 ., It should be noted that a total of forty (40}
disconnects from the computer were encountered during the 1 1/2 heur

measurement process in the displaved case,
Y
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Figure 46
CREFHIC DISPLAY OF ACCIDENT INVESTIGATOR DATA
COLLISION RAND TRAJECTORY
72-48  RUS  §972-438  RT 5 955 F1 SOUTH (F JUN3 DR VIHIGLE & 1 DRTA
=7 IRy ASHLT XCt* w 225.23988 FT.
197t CHEVELLT 1971 T8Y8TA
YCL" = 7018000 FI.
PSIL = 12975000 OFG.
VERITLE & 2 TATR
XC2' = 207.01598 7.
YCe" = 416000 Fr.
PSi2 = 18D $0998 LG,
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A dedicated radio fregquency for datn transrission appenars to be the
bast sclution to the irdicated comrmunicet) ang prablemr. This would climninate
the problems enconuntered with the mobi: o phore unit currently in use and
would .require no modifications of the existing daii processing program, It
would ulso lezve open the possibility for complete reconstruction at the
scene through the use of the remote terrtinal us an 1/O device for the Calspan
computer an which the SMAC program is run. However, becausce of the
reles_ted need to obtain a dedicated data communications frequency {predicted
to reguire a ninety day waiting period) and the neccLsary transceivers
{estimated to cost £3000), expioratory tests of a "bu.st’ transmission
approach were performed, using borrowed equipment, over the extsling

mohile phone link,

The burst transmission approach entails operation of the mieasurement
systerm in a local mode and storage of the transit data on magnetic tape.
That is, instead of being transmitted to the cemputer, the data stream is
divarted to a peripheral tape device. When tha measuroments have heen -
completrd, the link with the computer is made and the data transmitted
from the tape. The obvious advantage of this mode of operation is thut it
minirhizes the time during which the mobile telephone frequency is needed,
The most severe potential disadvantage is that the data processing computer .
prograrn may require extensive modifications to check {or coding and .
transmission errors in a multiple record transmission mode. In addition, !
when measurement points are found to need retransmitting, the cperatars
will have to locate the points in Question at the scene in order to make '
corrections. This implies a possible necessity of marking and numbering
all points that are measured. However, it is possible that an onboard -
computer graphics display can be used to terve as a means of checking for

errors and for identification of points, -
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Arrangements were made with an area computer peripheral
equipment vendor to horrow a remate terminal maenctic tape peripheral

rr

unit to atiempt to anilive the “bu 3t tranemission’ concept, Unfortunately,
hardware difficultics developed during the test and cansoeguently no (irm
statements regcrding the compatibility of this technigue with the existing

svstem can be made at this time,

Enough exporience was pained with the unit, however, o indicate
that the device is compatible with the Porta Cont terminal an. it appears
to be compatible with the interface unit, The remaining unresoiverd
questions with this concept regard the expected decrease in the number of
transmission errors and decreascd froquency of disconnects, and (ke
degreec to which the data processing program will have to he maodified to
accept a continuous data stream. These can only be resoived through

expericnce gained from a period o use,

The transit sighting system has proven to be sufficiently accurate
for this application and while setup and sighting are somewhat time
consuming, an accident scene can be measured and displayed in muchless

time than is required by tr.ditional tape measurement methods.

The measurement system duta processing computer program is
functioning as intended; however, the iimited use of the system by expericncod
investigators at actual accident scenes has pointed out needs for miror
extensions of the program, Additional storage for tire mark evidence is
censidered necessary {and has been implernented to a limited extent}, as
‘well as additional identification codes for such scene descriptors ag lane
rnarkings, signs, sipnal lights, etc. A-dditional built-in program checks

may also be required to minimize the possibility of operator coding errors,
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As the dats rrocessing tumpuler program currentiy stands, it is
approaching the core storace size limitations tmiposerd by the present com-
puter time sharine ven;br. Thus, depending on the externi of changes
deermed necessary, it may become nevessary either to reprograns to
minimize the required core storage or to investigate access to larcer~

capacity time sharing vendors,

In summary, the various components of the optical measurement
system are operational and the vverall system has heen demonstrated to be
capable of performing as desired but there remain a number of problem
areas that must be solved before the system can be subjected to meaningful

field trials and made effective for wide usagpe,
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APPLENDIN !

POST-PFOCESSING OF COLLISION ROUTINE OUTPUTS
TO C":’:-',.\JF_.EQA'I'E VEHICLE DAMAGE INDXY (VDI

{Eased on SAE J2240)

The classification system consists of seven characters,
three numeric and four alphanun.eric, arranged in a specific crder, In
the collision routine sutput, the cléssification should appear with eackh

"DAMAGE SUMMARY" table as VDI = 0000060,

1. Direction of Frincipal Force at Impact

{Columns 1 and 2)

HA In outputs for each vehicle, scan AX} ' ij to find
the maximun value of | { !{Xé )2 + { A)"g )Z }.

itircve than one impact occurred (i.e., both f,{?x"?é E
and /fc::;",f tess cnan 1.0 g's subsenaent to a maximum, follpwed by..
larger values) find the cited maximum quantity for each impact.

Crder ruitiple imp%c:ﬂs according to the relative rmagnitudes of the values

[ ¢ Af"’j 12 4 A)’g )] (i.e., stariing with the lairgest value, in order of
decreasing magnitudes), Reject any points for whi_h either [AXJ! < 1.0

or fA‘éI < 1.0.

1.2 For each maximum value determined in J. 1, let =

arctan A%j‘, where Gf_ % < 360°, (Use sgn ﬁ)"g ¢ 8EN AXJ to

deterrmine quadrant,)

1.3 N' Yo

33- rounded off to nearest integer,

fl

!

1.4 N N +6

33

—
Ur

For i < 12, proceed.

For 12< AN, set A = A -12.
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1.6 For cach impact, set columns | and 2 of classification

to Al (iie., 01, 02, ¢35, «oi, Yo, 11, 12).

2. PDeformatisn location and Classification Code

{Coiumn 1)

2.1 Ir. the damaype summuary tables, determine the end proints
oi each continuous anpular rarpe (i.e., ranges where A { % Aw
.‘\’mekthat continucus range across 0° will anpear at the ends oi the table,
Desipnate end points as w 3 {beginning) and z(/D, {end) of continuous
clockwise sweeps, where 0 < w;)i < 360° angd O < 2",{)’ < 3607, If, for
any continuous angular range, HU DI"'* [}/ D2’ omit range from further V!

calenlations.

Z2.2 Calculate the following 12 angles. All acgles to he
between zero and 360°

¢ ¥ ‘ ¥s
?//1 = arctan 0.500 9:”_ y/,; = arctan -0,500 '?’:‘{R

4

p/
arcta « ‘3
n /ﬁh

’ p
= &
vz arctan P 'zyg
. Y, © 1. vng Yo
arctan 2,702 /g 2 V‘; = arctan b, 754 5//,';:Q

(78}

W= arean 17X Wio = arcan 2702 %
25/5': arctan y%‘wn 3.9'“ = arctan - &4‘@
Z"/f: = arctan  0.500 %?R ZVIIZ = arctan -0.500 '/‘,4

Note that the above angles lie in the following quadrants:

st Quadrani: z“li:’ LV;; 25’3’
2nd Quadrant; Y. ¥ ¥
3rd Quadrant: ¥ Ve ¥4
4th Quadrant &/;O, JVE'}, 4/}2
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2.3

angular range;

{1}
(2}
(3)

2.5

TR R YRR T

R, T P AT PR X B R e TP 5

Adjustment of any "}'" end points, * For each continucls
- : - / ]
Set k = 1 SE‘nd points = ll Dk X Di? Y DK
f where k= 1, 2
If l}’ Dk 18 neia "j" point, go to 2.3,7.
For LI/ Dk @ "i" point and

W’nf. V/Dl-\g 360° or 0< 4IDK.<_ ll/’;_,; g0 to 2.3, 4.
[}/‘35 {I/Dkf: ‘//’8. go to 2.3,5.
w, ) V/Dk< “Llor u)!8< ka(‘ [f’:i, £o to

2
2.3.0,

Set Lif DKk - &rctan -2k » Boto 2.3.7,

Set ka = arctan YD& s EO to 2.3.7,

Set ka = arctan Ys , Bo to 2.3.7.

X px
For q =1, setq = 2, return to 2.3.2,
For g = 2, proceed to 2. 4.
Calculation of midpoints of ranges determired in 2.3

{a} If range contains zero, go to 2, 6.

{b) If range does not contain zero, proceed.

i,
% = yﬂ:—-—y& y BO to 2.7,

:"3‘" points are generated iu the damaged region rather than deflected in
from the periphery.
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5 ij (Z;f&f - 365‘9) + 2!4'-;2
2.6 T 5
For 2’%< 0, set Lf’i’i = % - 3607,
2.7 © For multiple impacts {i,e. » rore than one value of Af

in 1.6, the values of N tan be matched with values of % as {ollows,
2;7 o~ 30N, fing nezrest values,
A4
For several values of N rear one %, fi.e,, severa;

mpaCcts within one region of damage) select the Af Corresnonaing to the

largest magnitude of [ (Afg )2 - (A)’# )2},

2.8 Deiormation Location
2.8, 1 Nov-correr damaoe
{1) F ! < 3E0 8] !
or 'l}' < 360° or 0 < 1}/ < ‘1V
11— Dl - 1l - 2
ang

-
!
==
t
[ ]
fA
Lar
-
I
Q
~
Lo
fa
w &
)
e
I A
[

[R%}

20 1o 3.2,

(3} For l}l;f- \;’Da' y)zazf Yo

set column 3 = 3, setg = 4,2,

go to 3,3,



s

hande

(4}

2.8.2

{1

(2)

{3}

(4)

{5)

{6}

2,9,1

For ¥ < Yor Yoo« Vi
set colurnn 3 = L, seiq = 4,2,
go to 3.4,

{If none of the above applies, corner damage

is indicated.)

Corner Damage

Setq = 4.1, k = 0.0,

A ZZ/M - % (see Section 1,2 of this appendix
for definition of a(/P }.

&';- . %z ‘%é :
-180° < A, {”r < 41807,

For 0 £ (IA/ - /%/ }» goto 2.9.2.,

For /A/ é 12°, goto 2.9.2,

/

(1) For “5% Zyﬁ_ < 360°, or

0 < WM' % < VZI' set column 3 = F,
£o to 2,9,5,

4

(2} For yf; < w&? . &//F < %, set

column 3 = R, poto 2.9.5,

(3) For M; S %, % 5; w&r set

column 3 = B, goto 2.9,58,
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2.9,3

(5}

(1)

(2)

(3}

{1

(2}

For MS’ é Z‘;; < g&’;;, sct

column 3 = L, goto 2.9.5,

If none of the above applies, set column 3
according to above tests of % only,
set k = 1.0 sgn A4 , go to 2.9,5,

For Z’,{/i’l < a//:;.i < 3607, or
<

0 < U, < W?f, go to 2.9.3,
For w2’< zﬂ’” < y/;, sct column

3=R, tct02.9.5,
' - ’
< /,
For 4//5 < {/’;1 < %, go to 2.9.4,

7 ' > P
For ';yg < 2‘45 < %11. sget column
3 =1L, goto2.9,5,

¢
For Vil < % S 360° and

(a}();‘f)’w)ﬁ(ofg--.xm;n )

set column 3 ~ L, k = +1, goto 2.9,5,

) C X Xoig 1 < %ot Ymax ),

set column 3 = F, goto 2,.9.5,

Foro = WM ‘5 &fzfaud

@ Vs - Vi 1 E (X, - ) SR

set column 3 = R, k=-1, go to 2,9.5,

) € Xe o Xy ) < Yo = Vwin )

set column 3 = F, Eo to 2,.9.5,
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2.9.4

(1)

{2)

(3)

For 2!{;' < 180° ang

@ Y - Ve )& Xow Y2 )

set colvmn 3 = R, k = +1, goto 2.9,5,

(b)(Xng'XR)‘{()g‘Yné, h
set columr 3 = B, po to 2.9,5,

For 180° < {4, and

@ C X+ Vogy )€ Kgg - Kp ),
set column 3 = L, k= ], go to 2.9,5,

O Cluae - X ) <0 Yo+ Ve
set column 3 = B, go to 2.9.5,

For 2!/,&; = 180°, set column 3 = B,
goto 2.9,5,

e T e g
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Specific Horizontal Location of Defermation

{Column 4)
- FRONT
’ Y
3.1 For %ii %Dl<&/io’ set column 4 = R, go

to Table q,

) ’
For ;[/9 < WDI < &/ 12+ Eo to 3,101,

¢
For Vlzi y/Dl <360 oros ¥ < ;y'l‘
goto 3.1.2,
’
3.0 For ZVIZ< ZJ/DZ < 260° or Oi %D? < &/'l'

set column 4 = Y, go to Table g,

f ’
1/
For ;ﬂl < z;/l)? &,4 + set column 4 = D, go

A

to Table q.

!
: For %“a’. &'/DZ

to Table q.

[ A

[
&,/12, set column 4 = L, go

‘ ‘
3.1.2 For 2}/12< Zym < 360°or 0 < ?#/DZ Y ZI/:

set column 4 = C, ge to Table g,

’
For ZU 1< y/DZ

B
N

Eird
o

t
%4 s S€t column 4

A

to Table q.
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to Table

to Table

Table q.

to Table

Table q.

3.2.1

g.

G.

3.2,

q.

2

T PN e T e e S T BT S o TR p e b e ea G e 4e e s mee  mmme e e e o ¢ e s e mese kg f e b

RICHT s[DE

At N
or L? 10_\’_ z}‘Dl < 360°
or go to 3.2.1,

le < ?,3

.
o
A

‘. ’
For .2 W, < ¥, w2
' ‘
For Zﬂq < WD‘ » set column 4 = B, go to Table q.

' ’
For w_} < U/ < &/3' set colurnn 4 = F, go

!
< &74, set column 4 = Y, po

!
For &‘71 < 2!/ set column 4 = D, go to

¢ ’

For w < Zﬂ < Z!/ » set column 4 = P, go
3 DZ - 4
! "

For 3% < d/DZ set column 4 = 2, go to

REAR {BACK)
; !

For w3_<_ Zz)Dl <%;/6' go to 3.3.1,
]

For Z!/ﬁf 2;/131 <¥"7, go to 3,3.2.

]
For % 7 < zym » set column 4 = L., go to Table q.
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¢
3.3.1 For ZPS < %DZ s 3}/6’ set column 4 = R, go

to Table g.
’ /
. For 6< %DZ _‘f_w?, set column 4 = Z, go
to Table q.
4
For Z(/,? < wDZ set column4 = D, go to
Table q. '
4 ’
3.3.2 For %6< yDZ < Z[/7' set column 4 = C, go
to Table q.
!
For ay,? < Zy b2 set column 4 = Y, go to
Table q.
LEFT SIDE

A

¢
3.4 For Wz;f. wi)l 2#;, go to 3.4, 1.
For ZV;-E eé/m < y:o, goto 3.4.2,
. ;.
For ¢,2 ¥
¥
3.4.1 For ?//8< Zym

to Table q.

set column 4 = F, go tn Tabhle q,

)I
&» 9" set column 4 = B, go

wlo, set column 4 = Z,

[
" For y/w < wDZ < 360°fget column 4 = D,
or

0 Yo, < V{s

1A

in

f
For w9< &/DZ

goe to Table q.

go to Table q.
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4

)
1/ -
3.4.,2 For &yg'( MDZ < & {ot 8et column 4 = P,

go to Table g,

¥
For Zjllo < wDZ < 360° f set column 4 = Y,
go to Table o, o1
!
0< Yy, < 7103
4, General Type of Damage Distribution
{Column 6}

Note:  Set Column 5 = p

Vertical Location, Not Applicable
Value E corresponds to the analytical
assumptions,

4.1 Corner Damage

Note: Isolated vy points should be rejected
in this calculation,

" Scan Damage[
Column 4~ Scanning Range Range For {DIS)
W< V. <360° and
11 -~ Bi —
F (X) . X - X .
i1’ min F min
<
Vs ¥g 2 Y
L =}, /
R 22 T2 ¥ Ynin Ys © Yoin
! i f
B yS-S- zPBii P&B (X)max Xmax B XR
" ’
L Y 8~<— I}’Bi-‘-‘E ‘U“ (Y)max YS * Ymax
Colurnn 6
0 < (DIS) < 4.5 S
4.5 < (DIS) < 16.5 E
16.5 < (D15) W

X K
For other entries in Column 4, go to 4,2,
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b

Side or End Damage

M

clumn 3

{DI5)

i o v B

(Y)gy D2
(X)zy a1
)W b
(X2

- {X) ¥ b1

{Y}aj D1
T Y b
(Y’Z/J D2

Column &
0 < (DIsy < lé.0 N
6.0 < (D1s) W

Extent of Deformation

Note: Isclated "j' peints shruld be rejfcted
in this calculation.

Scan Damage
Column 3 Scanning Range Range For {EXT) Go To
! ©
Vi S Wy, $360° and
F (xXy . X. - X 5.1
i min F i .
0< vBi < L‘UZ min
R ‘< < !
VYo ¥Yes ¥ Y in Ys * Yoin 3.2
4
< < W -
B Vo< ¥es ¥ X ax max - “R 5.3
!
< < !
L y',B—- VB&-—- ]’011 (Y,max YS max 3.2
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ol For Column 3 = F
Column 7
. 125 X i
0 < (EXxT) < 0.12s3 F
0,125 XF < {EXT) < 0.230 XI-‘ P
G.?_SOJCF < (EXTS < 0.375 XF 3
S e s r
0,375 XF < {EXT) < 0.500 'XF 4
0.500 X.‘E‘ < {EXT} < 0.625 XF 5
0.625 XF < (EXT) < 0.846 XF 6
0.846 XF < (EXT) < 0.946 XF 7
0.9:6 XF < {(EXT) < 1.046 XF. 8
1,346 XF < (EXT) g
.2 For Column3 = R, L
Column 7
0 < (EXT) < 0.165 YS i
0,165 YS < (EXT) < 0,283 Ys 2
0.253 Yo < (EXT) < 0.562 Y 3
0.502 YS < (EXT) £ 0.751 YS 4
0.751 YS < (EXT) < 1.000 YS 5
1.000 YS < {EXT) < 1.249 YS 6
1.249 YS < (EXT) < 1.498 YS 7
1.498 YS < {(EXT) < 1.747 Ys 8
1.747 YS < (EXT) 9
iog
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5,3 For Column 3 B
’ Column 7
0 < (EXT) < -0.084 X
-0.084 Xp < {EXT) < -0.168 Xa
-0.168 X, < (EXT) < -0.252 Xgp
-0.252 Xp < (EXT) £ -0.336 X
-0.336 Xp < (EXT) £ -0.421 Xp
-0.421 X < (EXT) < -0.538 Xp
-0.588 X < (EXT) < -0.769 X
-0.769 X < (EXT) < -0.950 Xq
-0.950 XR < (EXT}

109
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APPENDIX 2

SMAC IIWPUT FORMAT

Card Program Analysis
No. Variab_if_ Variable
1 TO -
TF -
DTTRALI -
DTCQL L -
DTCQLT -
DTFPRNO -
UVHIN -
PSIDMMN -
[VEHO -
Ml ak>] ]
2 KCPI0 XCSO
YCP10 YEIO
PSIIO U‘;IO
PSIIDO 1ﬁ10
Ulo ulO
vio VID
L "
3 XCPr20 XFZO
YCP2O YCZU
PSI20 W,ZO
g
PEI12DO 1,{/20
v2o uZO
V20 VZO

Definition

Start time
EnJd time

Interval of intepration at
beginning and ending of run

Interval of integroiion during
colliston contact

Interval of intzgration for 100
time inccements subsequent
to separation

Output time interval
Vector velocity test for stop
Anguler velocity lest {ur atop

Nuinber of Sirmmnlated Vehicles
{l1.0 or 2.0)

Vehicle 1, initial x’c
Vehicle 1, iritial Xt
Vehicle 1, initial ¥

_4
Vehicle 1, initia]l ¥
Vehicle 1, initial u
Vehicle 1, initial V
Vehicle 2, initial x"c
Vehicle 2, initizl Y’c
Vehicle 2, initial LU
Vehicle 2, iritial ¢
Vehicle 2, initial {4
Velicle 2, initial V

110

Units

Seconds
Secounds

Seconds
Seconds

Seconds

Seconrisg
inches [See
Degrees/Sac

Inches
Inches
Degrees
Degrees fSec
Inches/Sec

Inches /Sec

Inches
Inches
Degrees
Degrees/Sec
Incher /Sec

Inches /Sex

s




e

3

el ,‘T;‘r T

\

eIy

r e e S I i e g e i
. .

Card Program Analysis
No. Varial_:_lp_ Veriabie
4 Al a 1

Bl b )
TR} T]
FizZ 1 Iz,
FMASS! M{
PSIR10 Vi
¥l X gy
¥R le
YS! Y s

5 AZ a >
B2 b ’
TR2 T,
F1z2 Lz
FMAS5S2 M,
PSIR:0 WRz
XF2 X F2
XR2 X g2
YS2 >4 -

6 CSTF1(1) c N
CSTF1(2} (‘,12
CSTF1(3) C 13
CSTF1({4) ¢ 14

Defimtior:

Vehicle 1, CG to F. Wheel
£ (+)

Vehicle 1, CG tc R, Wheel
{+)

Vehicle 1, Averapge Trezd
Vehicle I, Yaw Inertia
Vehicle 1, Total Mass

Vehicle 1, Rear Axle Angle
{Damage)

Vehicle 1, CG to Front (+)
Vehicle I, CG to Rear («)
Vehicle 1, CG to Side (+)

Vehicle 2, CG to F. Wheel
{+)

Vehicle 2, CG to R, Wheel
(+}

Vehicle 2, Average Tread
Vehicle 2, Yaw Inertia
Vehicle 2, Total Mass

Vehicle 2, Rear Axle Angle
{Damage)

Vehicle 2, CG to Front (+)
Vehicle 2, CG to Rear (-)
VYehicle 2, CG to Side (+)

Vehicle 1, RF Tire Cornering
Stiffness

Vehicle 1, LF Tire Cornering
Stiffness

Vehicle 1, RR Tire Cornering
Stiffness

Vehicle 1, LR Tire Cornering
Stif{ness

111
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Mnite
Inches
Inches

Inches
Lb-SecZ-In
Lb‘SecZ /I,

Degrees

Inches
Inches

Inches

Inzles
Inches

Inches.

Lb-Seuz/In
2>

Lb-Sec“/In

Degrees

Tnches
Inches
Inches
Pounds /Radian
Pounds/Radian

Pounds /Radian

Pounds /Radian
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TN Propgrim Araivsis
o Variabile Yariabie Definition Units
CSTFI() C,. Venicle 2, RY Tire Cornering Pounds /Radian
T S4ffneass
USTr2(2) Cﬁj Vebicle 2, LF Tire Cornering Pounds /Radian
e Stiffness
CSTF2(3) Caj Vehicle 2, RR Tire Tornering Pounds/Radian
Stif{ness
CSTF2{4) 024 Veohicle 2, LR Tire Cornering Pounds /Radian
Stiffness
TETQ! - Initial time for torque inputs, Seconds
Vehicle 1
TETQ) - Final time for torque inputs, Seconds
Vehicle
INCQ1 - Time incremert for torque Seconds
inputs, Vehicle 1
NTBLG - If # 0.0, do not read table -

{1} Table of Traction {+]or Braking (-} Force at RF
Wheel, Vehicle Card format TF10,0, use three

to two hundred and one values for each wheel. The

number of entries for cach wheel is computed as
TETQL - TBTQI

+ 1.
TINCG!

Start the entries for each whee!l on a new card.

Seven entires per card.

(2} Table cf Traction (+)or Braking (-} Force at
LY Wheel, Vehicle !

{3) Table of Traction (+;or Braking («} Force at
RR Wheel, Vehicle 1

(4} Table of Traction (+} or Braking {-) Force at
LR Wheel, Vehicle |
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Descriprion Units
initial time for torque inputs, Seconds
Vehicle 2
Final time for torque inputs, Seconds
Vehicle 2
Time increment for torque Seconds
inputs, Vehicle 2
If # 0.0, do not read tahle -

{1} Table of Traction (+) or Braking (-} Force

{2} Table of Traction (+) or Braking (-} Force

{3) Table of Traction (+) or Braking (~} Force

See comments
follewing card 8

{(4) Table of Traction (+} or Drz ring {-) Force

Card Program Analysis
No, Vari:«.b%e’ Varizile
9 T -
TETQ2 -
TINCQ2 -
NTBLQ2 -
at RF Wheel, Vehicle 2
at I.¥ Wheel, Vehicle 2
at RR Wheel, Vehicle 2
at LR Wheel, Vehicle 2
10 TBPSF1 -
TEPSF) -
TINCP1 -
NTBLPI -

Initial time for steer inputs, Seconds
Vehicle 1

Final time for steer inputs, Seconds
Vehicle 1

Time increments ‘or steer Seconds
inputs, Venicle 1

If # 0.0, do not read tahle -

(1) Steer Table (degrees) for RF Wheel, Vehicle 1

(2) Steer Table (degrees) for LF Wheel, Vehicle )

(See commen:cs following card 8)

113 ZM-5096-V-1
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Card

Pregram A nalysis

No. Variable Variable Descrietion
i TBPSF2 - Initial tirme for steer inputs,
Vehicle 2
TEPSF2 - Final time for steer inputs,
Vehicle 2
TINCPZ - Time increments for steer
inputs, Vehicle 2
NTBLP2 - If # 0.0, do nct read table
{1} Steer Talle {degrees) for RF Wheel, Vehicle 2
(2} Steer Table (deprees) for LT Wheel, Vehicle 2
(See comments following card 8)
12 XBP(1) x’Bl l
YBP(1) y’}%l !
. Foints defining boundary
ABP(2) XBZ between terrain zones
'
YBP{(Z) B2
XMUL /{41 Tire-Terrain Friction Coef-
fizient at Zero Speed {Zone 1)
XMU2 /4? Tire-Terrain Friction Coef-
- ficient at Zero Speed (Zone 2)
CMU . C?A Coefficient of linear decrement
of friction with tire speed
i3 DELPSY A‘P Interval between radial vectors
DELRQO dﬁ Increment of change in radius
vector
ALAMEB A_ Acceptable error in equilibrium
ZETAV 5 Minimum relative velocity for
v friction
AKV(1) ¥ Load-deflection characteristic,
Vi Vehicle 1
AKV{2) K Load-deflection characteristic,
VZ  Vehicle 2
AMU /U‘- intervehicle friction coefficient

Units .

Seconds
Seconds

Seconds

Inches
Inches
Inches
Inches

Degrses

Inches

Lb/Inch

Inches /Sec
Lb/In’

Lb/In®
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Card Frogram Analysis
No. Variable Variahle
14 Cco C 0

Cl C N
cz (_‘.2

Deescripticon

Univs

Coefficients of assumed parabnlic
variation of coefficient of restituticn =~

with deflection

115
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INPUT BATR FORM

SIMULATION MODEL OF AUTOMOB!,
M MODEL OF AUTOMOBILE COLLISIONS (SMAC)

DATE
by
2 f | —rt
3 ‘ E ; > ,
. |
& ‘
6 ¥ ety rd 'y Vol - - - 4
7 ;
8
f - iy .

h Lo ﬁ h N
W,{/\ AR 4
o b v sl 5 VA,

‘; : e R - P i
= . I\ Y N\ l /
- .

i
i
%]
)\tl
|

i !

I
1
1%

WIS A,
;‘
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APPENDIX 3

VEHICLE PARAMETERS

Ir the interest of simplicity, the presented preliminary evaluation
of the SMAC computer program has made use of "typical" parameciers
other than weights for the different categories of vehicle size rather then
actual-parame(c:rs for the specific vehicles, Vehicles representative of
four different size categories were selected to provide a basis for Mypical®
paramcters. The follow..g vehicles were included in the different categories,

2

1. SubcomEact 3, Intermediate
Volkswagen Beetle Chevelie
Toyota 1200 ) Torino
Latsun 1200 Coronet
Vega Matador
Pinto Skylark
Fiat 850

2. ComEact 4, Full Size
Maverick Chevrolet
Camero GCalaxie
Dar: Pcolara
Ho:. et Ambassador

Monterey .
LeSabre

New Yorker

Fleetwood

Continental

On the basis of available dimensional and shipping weight information,
and with allowances made [or both liquid we.ght and two passenger loading,
the following "typical" parameters have been either directly derived or

estimated {from available measured values for similar vehicles.
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TABLE 3-1

Ty PICAL DIMENSIONAL AN INERTIAL
PADAMETERS YOI 1YT1-72 AUTOMOBILES

| ! 2 3 4
Parameter | Subcompact Compact Intermediate Full Size Units
a 14,7 52.7 57.3 60,53 Inches
b 46, 6 54.8 59,7 63.0 Inches
T 51.2 57.7 60.0 63,1 Inches
K- 1963, 2635, 2998, 3588, | Ipches®
M 5,71 .51 9.86 12,42 Lb-Se'cz-in
XF 74,7 85.7 ‘94.8 1Gu.5 Inches
XR ~83.,5 100, 0 -110.8 ~119.6 Inches
YS U 35,7 38.4 39.6 Inches

The symbcols used in Table 3-1 are defined as follows:

a, b = Distances along vehicle fixed X axie from the total
vehicle center of gravity to the center lines of the
front and rear wheels, respectively, tnches {(both
entered as positive quantities),

T = Tread at front and rear wheels (average), inches,

K = Radius of gyration squared for complete vehicle

in yaw, inches squared.
. 2 ,.
M = Total vehicle mass, lb-sec /in.

1i8 ZM-5096-V-1



X X = Distances along vehicle fived X axis from the tatal

F* R k otel
vehicle center of gravity (o the uoundaries of the

vehicle at the {ront ang rear, respectively, inches

. (XR is entered as a negative quantity),

Y = Distance along vehicle fixed Y axis from the total
vehicle center of gravily to the boundary of the vebicle
at the side (i.c., one-half of the total vehicle width),

inches,

For tte following vehicle parameters, representative values have
been {found but no refineraent has yet been attempted for the different
categories of vehicle size other than the load-deflection characteristic of

the peripheral structure, KV'
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TABLE 3.2

REPRESENTATIVE VALUFES OF VEHICLE PARAMETERS

Parameter Yaluae Units
CSTF)I’ > ~-10250. Pounds /Radian
CSTF)B’ 4 -i0195, Peounds /Radian

Cp 3% 107% -

Ky {gslilcosxf;act i ig } Pounds/lnchz

C0 0.006423 -

c, 3.5417 X 1072 -

c, 4.7381 X 107° -

i 0.550 -

A\‘f;’ 2.00 Degrees

Ap 0.20 Inches

A 15.0 Lb/in

5\( 5.0 In/Sec

The symbols used in Table 3-2 are defined as follows:

{(CSTF)

i

CP =

Cornering stiffness of the tire at wheel | for small
slip angles, pounds/radian {entcred separately (o

permit simulation of damaged tives).

Coefficient of lincar decrement of {riction with tire

specd.
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U meem

K = Load-deflection chovacteristic of peripheral
. L, 2 . .
vehicle structure, 1 /iy {covresponding to a given

height of contact), !

c,.C, = Constant cocfficients in parabolit relationship i
ditted to approximate variations of the “ecoefficient

of restitution' with deflection.

,Ll = Friction coefficient for tangential forces between

the two inicracting bodies.

Ai}’ = Angular interval between radial vectors in contact

determiration, degrecs,

[},/0 = Increment of change of radial vector length in —

iterative routine for achieving eguilibrium, inches.

7\- = Acceptable error in pressure balance between the o
two bodies, 1b/in {nole that a constant height of the

contact area is assumed), Also, for selution

stability, | KV,AP v Ky B0 0 X

5\/ = Minimum magritude of relative velocity for which
vehicle-to-vehicle friction forces ire caleulezted,

inches/sec.
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APPENDIX 4

TIRE-GROUND FRICTION COEFFICIFENT

The SMAC cumputer program includes a capability of simulating
a linear decrement of tire~-ground {riction with the resultant speed of the
tire in the ground plane. The existence of a decrement is indicated in
literature on reconstruction {e, ., Reference 7) and an approximately
linzar decrement is indicated in come tire test data presented in the
literature (e.g., Reference 8), This simulation option can, of course,
be suppressed by setting the ccefficient of the decrement, C/}c s to

zere in the input data,

When this option is used, and measured stopping distance data are
available from the scene, it is necessary to insvre that the input values of

/"{p (tire-terrain friction coefficient at zero speed} and c{« {coefficient

of linear decrement of friction with speed} are compatible with the measured

stoppirg distance data, For this purpose, the following relationship may

be used:
’ ( )

/“0 - ‘-Sczq Cj_,% ‘i"ﬁ‘-‘-‘i I C/u% {1}

LY ﬂ r
where S = gtopring distance, inches

% = initial speed, irnches/sec
4 = 38(.4 in/sec2
o

Example:

n

408 inches {34 feet)

o

492, 8 inches/sec {28 MPH)

0.00015 (Estimated)

%
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For comparison purposes, a constant friction co«fficient for the
2 '

same stopping distance data would have the value:

4
B ‘V/a i 242852 .
AT FTe 7 STsver ¢ 77 @)

¢

Derivation of Equation {(1):

/a - Al (1 *g&v j, where ¥V = infsec
dV
Mg = 9 (c,v—1)

db’ i CadV i "
Cov-n #4390 2 j Cov-1) :I“"‘f"{"

ﬁugt

V-2 - é‘(i—- Ve’
z —~L Y(aSMEt )
Cx ﬁ;f%‘? <V >( £/

For V: o, t:-—"'!_ ,&4 [*—C,V‘ -""-'-E{-%-C

oo s,
a5y [Gn -]
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APPIND Y 5

CRAPHICS DISTIAY PECORANM - LOTIC DESS R TION

The Graphics Display program for accident reconst vuction consists of

a small main prograin with many subroutines. This appendiv will deosering

the function and the program lopic of earh subroutine.

!, Accident Reconstructian Craphice Tanpe

The Acciderd Reconstruction {SMAC) program creates, together with
the detailed time history of the event, a special graphics ope for use by the

graphics program, This tape contains vehicie positions, speeds, orientutions,

tire tracks, damage tables, and titles. The tape consists of a stands rd

IBM 570 i=bel, an initiz] record containing various initial vehicie pa ramerers,

a number of time history records tabulating the tire tracks, a final record

containing various final vehicle parameters, two records comairing the

vehicle damape irdices, and sixteen records containing the vehicle damage
tables. A detailed descripticn cf the grapnics tape follows,

124 ZM-5096-V-]
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1

e

PR Rl R

SR

-

srraee

TG T

INITIAL RECORD

WCORDS TYPL SYNMBOL
1-40 A TITLE
41-45 A DATLE

44 F FVEH

45 F xXClop
. 46 F YCluP

47 F P3l10
’ 48 F PSIIDO

4G F Uig

£Q F vio

51 F XEl

52 F DRI

53 F Y51

54 F XCI0P

55 F YCa0P

56 F ’Sizo

57 F PSIZDO

58 F T20

59 F V2o

&0 F NEF2Z

&1 F NH2

62 F Y82

63 F T0O

64 F DESPSG

b3 WORTS

PURPOSE

Title of Run

Date of Run

¥ of Vehicles this Run
Initir! X-Position
Initial Y-Position
Initial Yaw Angle
Initial Yaw Velocity
Initial U=-Velocity
initial V-Velocity
Distance CG to Front
Eistance CG to Rear
Distance CC to Sides
Initial X-Position
Initial Y-Fesition
Initial Yaw Argle
Initial Yaw Velocity
Initial U-Velocity
Initizl V- Velocity
Distance C!° to F-ont
Distance CG to Rear
Distance CG to Sides

Initial Time

Damage Table Angular Spacing

‘\

.

/

Vehicle

Vebliclo #¢
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TIRE TRACK RECORDS {

WORDS  TYPE  SyMpoL
1 1 rregL
2 I JYFLAG
3 F T
4 F  RFISKD
5 F  LFISKD
6 F  RRISKD
7 F  LRISED
8 F  RF2SKD
9 F  LF2SKD

10 F  RR2SKD
11 F  LR2SKD
12 F  VIRFX
13 F  VIRFY
14 F  VILFX
15 F  VILFY
16 F  VIRRX
17 F  VIRRY
18 F  VILRX
19 F  VILRY
20 F  V2RFX
21 F  V2RFY
22 F  VZLFX
23 F  V2LFY
24 F  VZRRX
25 F  V2RRY
26 F  VZLRX
27 F  VZLRY

as many as required}

27 WORDS EACH

FUNCTION

ITCPIL = 1 means ¢ollis;on has
occurred

JYFLAG = | means thig is the
lasgt tire track record

Time, Sec,

i

3
i

Ll R . ST

Roll, -1
# Roll, -1
= Rell, -1
= Roll, =1
= Roll, -1
= Roll, =1
= Roll, -1
= Roil, -1

£

1

1

n

i

Vehicley 4}
Skid (Right Front})
Skid {(Left Front)
Skid (Right Pesr)
Skid {Left Rear) )
Skid (Right Front)

X-Pozition (Right Front)
Y-Position /Right Frent)
X-Position (Left Front}
Y-Posgition (Left Front)

X«Position (Right Rear}

Y-~Position {Right Rear)
X=-Position {Left Rear)
Y-Position {Left Rear) J
X-Position {Right Front)
Y-Position (Right Front)
X-Pogition {Left Front)

Y~Posgition {Left Front)

Skid {Left Front) Vehicle #2
Skid {(Right Rear)
Skid (Left Rear)
Vehicle #)
Vehicle #2

X-Position (Right Rear) |
Y~Posgition (Right Rear) 5
X~Position (Left Rear)
Y-Position {Left Rear)

126
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EXDING RECORD

WORNDSI

IVEE

1

2

W o O b

o)

10
bl

13
id
15
16
17
18
]

20
21
22
23
24
25
26
27

—_—

et

i I I R I B I

12 T B B B B B

SYMBOL,

INNGI
iK1
JFLAG]

NWRDBI
NWRDE!
Tgvi
XCF2
YCFI
PSIITM
TC @1
XCTzC
YCTIC
PSIICT
uicT
VICT
PSIDCT
IRNG2
IK2
JFLAG2

NWRDB2
NWRDE2
TEv2
XCP2
YCPZ
PSIZTM
TCPL
XCT2C

32 WOnRNS

FUNCTION

# of Damape Ranges

# of Damage Points

0 = Pregram Time OQut

1 =P.O.R,

Not Used

Not Used

Elapsed Time

Final X-Position
Final Y-Position
Final Yaw Angle
Time of Collision
Collisien X~Dosition
Collision Y-Pcrzition
Cellision Yaw Angle
Collision U-Velocity
Collision V-Velocity

Collision Yaw Velocity

# of Damage Ranges
# of Damage Points

0
1 =P.OR,

Not Used

Neot Used
Elapsed Time
Final! X-Position
Final Y-Position
Final Yaw Angle

iy "

Time of Collision

Collision X-Position
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ENDING RECORD {continued}

WORDS TY P SYMBOL FUNCTION
28 ¥’ YCT2C Collision Y-Position
29 F PSI2CT Collision Yaw Angle
30 F uzCT Collision U-Velocity
31 F V2CT Collision V-Velocity
32 F PE2DCT Collision Yaw Velocity

VEHICLE DAMAGE INDEX RECORD (Vehicle #_}_)_ 70 WORDS

WORDS  TYPE  SYMEOL : FUNCTION

i-10 A AVARNI {1:106) Ist Character for 10 VDI's
13420 A AVARNI (11:20} 2nd Characier for 10 VIits
2i-30 A AVARNI (21:30) 3rd Character for 10 VDi's
31-40 A AVARN! (31:40) 4th Character for 10 VDI's
4150 A AVARNI (41:50) 5th Character for 10 VDI's
51-6C A AVARNLI (51:60} 6th Character for 10 VDi's
61-70 A

AVARNI (61:70) Tth Character for 10 VDI's
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VEHICLI DAMAGE INDEX RIECORD (Vuhiclg_#ﬂu 70 WORDS
WORDS ITYPE SYMBOL FUNCTION
1.10 A AVARNZ (1:10} 1st Character for 10 VDI's
11-20 A AVARNZ (11:20) 2nd Character for 10 VDI's
21-30 A AVARNZ {21:40) 3rd Character for 10 VDI's
31-40 A AVARNZ (31:40) 4th Character for 10 VDI's
4150 A AVARNZ {(41:50) 5th Character for 10 VDI's
51-60 A AVARNZ {51:60) 6th Character for 10 VDI's
61-70 A AVARNZ (61:70% 7th Character for 10 VDI's

VERICLE DAMAGE TABLES (Pcelar Coordinatés) 16 RECORDS OF ¢0 WORDS

RECORD DESCRIPTION

VDT #1 90 WORDS TYPE F 1st $0 Radiuses

VDT #2 90 WORDS TYPEF 2nd 99 Radiuses

VDT #3 90 WORDS TYPE F 3rd 90 Radiuses

VDT 44 90 WORDS TYPE F 4th 90 Radiuses Vehicle #1
VDT #5 90 WORDS TYPEF Ist 90 Angles

VDT #6 90 WORDS TYPE F 2nd 90 Angles

VDT 47 90 WORDS TYPE F 3rd 90 Angles

VDT #8 90 WORDS TYPE F 4th 90 Angles

VDT #9 90 WORDS TYPE F lst 90 Radiuses

VDT #10 90 WORDS TYPE F 2nd 90 Radiuses

VDT #11 90 WORDS TYPE F 3rd 90 Radiuses

VDT §12 90 WORDS TYPE F 4th 90 Radiuses Vehicle #2
VDT #13 90 WORDS TYPE F Ist 90 Angles

VDT #14 90 WORDS TYPE F 2nd 90 Angies
VDT #15 90 WORDS TYPE F 3rd 90 Angles

VDT #16 90 WORDS TYPE F 4th 90 Angles

The last record on the tape is 90 words of 9999, To signify the end,

this record ie not read.
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2. Data Structures and the Sct-up Subroutine

All platting data s stored in a special data structere. For any line
drawing tn b piotred, there wiil be two arrays containing the X and Y
coordinates and a special identifier array specifying each line segment in
the drawing in terms of the number of points and the type of line, be it
sclid, dasher, or phantom. Organizing all line drawing data in this way
cnables the same plotting techniques to be used for veaicle cutlines, tracks,
damage arcas, etc, For example, the right front tire track of Vehicle §1

is stored in the following tables:

VIRFX VIRFY IVIRF
Xl Y1 1T
XZ YZ IN
X3 Y3 IT
X4 Y4 IN
XS Y5 IT
X{) Y6 IN

{XI, XZ' «++) are the X-coordinates of the right front tire contact point,

(YI' YZ. «+.)are the Y-coordinates of the right front tire contact point, .
”~
I - No more line segments for this line drawing. )
IT = {2 - This line segment is a solid line,
3 -~ This line segment is a daghed line.
4 - This line segment is a phantom line.
IN = # of pairs of coordinates comning up for this line segment.
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As was poirted out inthe praphics tape discussion, the praphics tape supplies
the X and Y coordinates of the tire contact points. However, the identifier
wimay is not sunplicd, Only an array specifying if the tire is relling or
skiddinpg 1s supplicd. Thus, a special subroutine SETUP s provided to build

the identifier array fo  each tfire,

CALL SETUP {(RFISKD, IVIRF, JTRACK)

where! RFISKD * Array identifying if wheel is rolling or skidding.
IVIRF = ldentificr arvay te be built,
JTRACK = § of entries in the RFISKD array,

Subroutine SETUP scane dowr through the rolling/skidding array and builds

an identifying array in *the previcusly defined format.

3, Format and Layout of the Accident Scene

As with all mapping operations, a scale factor must be determined
that converts X and Y values inthe accident scene coordinate system to
"plotter inches" in the plot-paper coordinate system. Also, displaceraents
from the corner of the paper must be determined so as to properly place
the accident ccene origin such that all the vehicles, the collision point, and
the origin are in the prescribed picture frame. A special subroutine,
LAYOUT, accompliches this.

CALL LAYOUT (XCIOP, YCI0P, XC20P, YC20P, XCPI,
YCP], XCP2, YCP2, XCTIC, YCTIC,
XCT2C, YCT2C, XLONG, YLONG, SFX,
SFY, X0, Y0)
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Lal

where: {XCI10P, YCIo2, NC20P, yYyC20D) Initial X and ¥ positions

ol the vehicies,

H

(XCPL, YCPI, XCP2, YCP2Z) Final X and Y positions

cf the vehicles.

Collision X and Y positions

{(XCT1IC, YCTIC, XCT2C, voT20)
* of the vehicles.

(XLONG, YLONG) = Size of picture frame,
{SF¥, SFY) = Scale factors,
{XC, YO) = Axis offset from lower right

corner of picture frame,

Subroutine LAYOUT determines the total span of points on either
side of the origin and uses the maximum of the X-span or Y-span to determine
the scale factor (twenty feet is added to the span to insure that the vehicle
bodies fit in the picture frame)., At the same time, the distance {rom the
lower right hand corner of the rectangle formead by the X and Y spans to
the origin is tatulated, and the proper offset {rom the lower tight picture
frame corner tc the origin is calcutated. The offset is adj..ted 1o center

the picture in both th2z X and Y directions,

The original intention was to provide the capability to adjust X and
Y linearity through specification of XLONG and YLONG and hence SFX ang
SFY. However, at this stage, the graphics program assumes 2 square

picture frame and 5FX equals SFY,

4, Line Drawing Kcutines

Three similar line drawing subroutines exist to draw solid, dashed,

and phantom lines,.

SOLID 2
CALL { DASHED % (XDATA, YDATA, L@CATE, NUMBER, SFX, SFY)

L PHNTOM ,
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where: (XDATA, YDATAY Arrays of X and Y coordinates.

LECATE = Displacement into array at which to start,
NUMBER = Number of peints to draw.
(SFX, SFY) = Scale {actor.,

The pen is moved to the location specified by the table entry at LOCATE,
and a solid, dashed, or phantern line is drawn through as many points as are
specified by numt!er. X and Y coordinate data are scaled by the scale

{factor.

5. Track Laving Subroutine

The plotting of a long list of tire track points is accomplished by the
subroutine TRACK,

CALL TRRACK (XDATA, YDATA, IDATA, SFX, SFY)
where: (XDATA, YDATA) = Avrays of X and Y coordinate points.

1IDATA
{SFX, SFY)

Identifier array built for above ar:ays,

5]

Scale factor,

The TRACK subroutine examines pairs of entries in the IDATA array for
number of points and line type and makes the appropriate call to the S50LID,
DASHED, or PHNT®M routines., This process continues down throvgh the
IDATA array until an IT = 1 if found; this causes an exit from TRACK. The
end result is dashed lines for rolling wheels or solid lines for skidding

wheels,
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G, Transformation Sabroatine

Vehicles, including those with damoged areas, have lince structures
defined in the vehicle's own coordinale systern. If they are to be placed

and rotated in agcident scene coordinate space, the body coordinate system

has to be translated and rotated by an Euler Transform. This is accomplished

by Subroutine TF¢RM.

CALL TI“¢7RM (XDATA, XDATAT, YDATA,
YDATAT, N, PSI, X, Y}

where: (XDATA, YDDATA) - Body coordinite system points,

(XDATAT, YDATAT) = Above data transicrmed into accident
scene system.

N = # of coordinate pairs.
BSI = Yaw angle.
(X, Y} = Position in accident scene space to

place the drawing. i
\\

For all N points, TF;DRM does the following:

XDATAT | _ |C¢s(PSl)  -SIN(PSI) XDATA | | [x ]
YDATAT SIN(PSI) C@s(PSl) YDATA| |¥
7. Drawing of Vehicles at Collision

Plotting of the collision position of the vehicles is accomplished by
Subroutine BCAR,

CALL BCAR (XF, XR, YS, XC0, YC0, P8I0, SrX, SFY)

1t

where! {XF, XR, Y3} Vehicle size definition parameters.

{(XCo, YCO) = Collision X and Y positions.
PSIO = Collision yaw angle.
(SFX, SEFY) = Scale factor.
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Subroutine BCAR takes the sive parameters ond builds an XDATA and YDATA
list for the vehicle cutline. Subroutine TFCRM is uscd to transform these
lists info accident scone space, based on the supplicd collision positions andd
orientations, Then the PH?\Z'I;’E?\E subrauline is called to plot the vehicle
outlines, The.triangular vehicle direction symbel and the vehicle identifier
symbols are drawn by a special Subroutine IDENT. This subroutine cxecutes

several symbeol calls to plot this data,

8. Developing *he Damaced Vehicle Line Structure

The final batch of records on the graphics tape is the damape tables,
expressed in polar ccordinates. Each damapged area on the vehicle, .elineatea
by the two intersections of the "dent'" with the normal vehicle outline, will
contain a sel of radiuses and angles. Obviously the worst case would be a
vehicle damaged all around the perimeter; the program allows up to 3460
polar coordinate points to be specified. Subroutine DENTS inspects these
tabies and builds a plot data table in the standard format that includes the
normal vehicle outline excluding the damaged areas, and damaged area, bath
in solid lines, and the normal vehicle outline across the damaged areas in

dzshed lines. .

CALL DENTS (DDATA, RDATA, IDATA, XDATA,
YDATA, XF¥, XR, YS, DELPS®)

where: DDATA = Pelar angles of damage tables, .
RDATA = Radii of damage tables,
IDATA = Plotting idertifier array to be buiit, .
(XDATA, YDATA) = X and Y coordinates of to be |
developed line structure,
(XF, ¥R, Y8 # Vehicle size definition parameters.
DELPS}?_"; = Angular spacing between polar

coordinates.
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Typically, if there is movre than one damage area on a vehicle, these
damage coordinates will be concatenated back-to-back in the damage table.
The empty locaticns in the table will be filled with =1. To build the plot data
table in the previously defined structure, the end points of the damaged arcas
must be dotermined. This is accomplished by comparing adjacent anzle
entries with the spacing DELPS;ﬁ; those whose difierence is greater than
DELPS¢ are end points and they are loaded into a special end point table.
The X and Y positions of cach of these end points is determined., Using the
basic vehicle dimensions, the cartesian and polar coordinates of the corners
arc determined. Finally, a new erd point table, of the X and Y cocurdinates,
is created so that the intersection points of the damaged areas with the

vehicle cutline is known.

At this point, a laborious but straightforward sorting process is
performed that builds an X-Y table with associalinn identifier array that
records the perimeter of the vehicle in terms of solid lines {no damape) and
dashed lines {damuged areas), The zctual damage data is appended on the
end of the developed tables. Thus, as in previous examples, an X-array and
a Y-array of plotting paints is gencrated with an associated identifier & rray

showing what types and how many line segments are in the tables,

9, Drawing the Vehicle Final Positions

With the data structure filled in by the DENTS subroutine, the final

positions of the vehicles may be drawn,

CALL ENDCAD (DDATA, RDATA, XF, XR, Y§, XCP,
YCP, PSITM, SFX, SFY)

where: DDATA
RDATA
(XF, XR, YS)
{XCP, YCP)
PSITM = Final yaw angle of vehicle.
{SFX, SFY)

11

Polar angles of damage tables.

Radii of damage tables,

Vehicle size definition parametlers.

H

Final X and Y position of vehicle.

H

Scale factor.
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Subroutine ENDCAR calls DENTS to build the plot data (ables, calls TFORM
to transliate and ratate the fintre (o the defined final pocitinn, (hen calls
SOLID or DASHED to <draw the fioure inthe same way that THACK does.

The vehicle identifizaiing marks are drawn in Sabroutine IDENT.,

10, Main Program

The Main FProgram is quite streightforward, First, (he graphics
tape is read all the way through and the track data ¢ reformatted by the
SETUP Subroutine, The scale factore ave deterinined by the LAVEUT
routine. All the printed data is placed on the page by nurmercus calls to
PLOT, SYMBOL, and NUMBER, using data from the graphics tape.  The
collisicn positions of the auton osbiles are plotted via the LCAR routine., The
tracks are iaid by eight cails to the TRACK Subroutine. The final vehicle
positions are plotted by calls to ENDCAR, An axis is drawn with 10 fool

ticmarks, and the vehicles are iéc:ntificid.by calls to IDENT,

Use of the Accident Reconstruction Graphics Display propram is
very easy - the user need only supply 2 graphics tape and one data card
containing the variables XLONG and YLONG. XLOMGC and YLONC are the
phiysical size of the picture {rame of the accident scene. To plot the
recenstruction on an 8 /2" x 11" page, specify XLONG and YLONG 1 be
six inches; this leaves ample room for the discriptive script to be plotted

argund the frame. At this writing, XLONG must equal YLONG.

DATA CARD FORMAT Columns -8 ...... XLONG
Columns 9-16 ,..... YLOKNG

All plotting is sized to XLONG and YLONG. To preduce a larpe
blowup on a 3&" plotter, merely increase XLONG and YLONG to 177,
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PAUA PROCESS G PROGRA IS

A number of proprams and data storape files are employed in the

transit data processing software system,  The basic data processing proeram

cocepts data from either the transit hardware op frema symbolic data starag.
fioe, then checks it for arrars ad muneairfely writes it Goa biva i

sy Dl
named "SAVTRN te provent loss of data in the event of a disconneet,  The

pregram then cateworizes the data and stores if in a symoelie file, "CEUT,

“.r later processing inty the plot tape farmart,

In the cvent of a disconnect, the binary file "SAVTRN' |
snto symbelic

s oconve ried
data in a format identical to that produced by the

wara by the program "BINSY MY, and then -or.

transit hared-

v inta the processing prosrar

The program "PLT@UT" converts th. P

rocessed transit dala o a

format suitable for subsequent plotting af the acecident ccene on the Calapan

viotting facility,

A block diagram of the transit data precescsing sysvem is s howy in

Tigure 6-1, and scurcce listings of the prouvvam follow,
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TRANSIT MEASUREMENT DATA PROCESSING PROGRAM LISTING

ERRNS T TN 20713 e T LT ey T

-

|

COMMNN S/ Vrlidy iyt 3) VI 2,4,.5,35), 12,2, 2,25),
Hid, 3,422, TiL 30:.»/9!{: Y N?.nm.a}-r*(.( r0) Ty
CO#»40w L5/ ‘ICNi_(‘_,M, TU244,2,30),1C0De{10),ICARDZ0),
} ID(2,2,25), muu &) g IH{3,4,25), IHCT(3,4)
N ¥ ) ST T R Lo DU«{IQJD).IDdl(d.ﬂH
RUUI VALENCL (\'H(I,I,l.i).DuM(l);.,(ICuf(i,l) IDUMEDY)
COMO =i BEbAZ Dul AL, Y1, 41, ﬁ;ﬁng‘o,‘_l_[)_t__é}__,mo PS1
Dliagns 10w i:’s'CU{D}.lnHCL}(D)
MAaba IviCuses e 2 .7C fL P LY — X
A 1RGO/ e roEA 0y Py o * Iy
SRS T C02030) ) o
- N O TR A TN o7 '
o A CulmAZ 3y AKX 300/ g it SrG/
L osoaml 21y
ERERVA SN B IR ¢
iy 4 K=1,1014
1O IDdECRY = 0
LFr = DT 290
. AL PORDCTAT gy Ty TS0, TDAY T VM)
nlfliz_(l.,lif)d) Iu[)ﬂ.IDAT’ FYr, Ir.t.If.In
TGy e O AT oA, P ACC T DENS l'“...{.a()h')ltfubll TN S L O S AR R Y U o :
i i winlT DAYA PrOCEASTWG Pr{’)uHA.u i, J2, 447 12,77
o aEIiECr,700D) o
3001 i(;lf Akl Lardl WIile )
—_— ’—_é\fzm £43002) (YILLIY,I=1,38)
3002 rOl-ATCIBAS)
o omELLet IO
1101 rO#8ATCY CRANSTL DAY ‘A wiLL BE STOHED 0w TEAPORARY STUKASZ?
1 7 FILL SAVIRW / 2 DO YOU oISk (O _INPUL FROM rlle £IrST27)
LAI—-L Yin(IGKD)
— . RN =
IF(104.2Q0.0) 80 101
Vu.rv‘.l.i.. vﬂ””l:i(S(.‘j' )
Iy = 3
R VIR 14
HK II{IAE(i.iDdO)
10 \gmax(ﬁ:k TEECI FRAMSAT LT
VO i LL Ju,h,rf Iu (ILW Oy ICAHD, |
nHILt(I'l.?:OCJ)
1300 rORNALLS DOWE wllH FILE wADY)
Ibv = 2
L O S O 2 I I o o
14 DECOUE (09,1001 ICARD 4G I!.IZ.I.B,M,I:
FOU] FOrAAL }'.Jii_{ o _
Ir(lleUaY s AND 12080V ANDL [3.20.9) GL [0 99y
) L)L.CU{J..(G(},IOO:S ICAKD  1C) (COH(1) 4 I=1,29)
1003 rORAALL30A1)
U D KE0,26,06 o B . —_——
TR CCOALKY s EW.COMEAY GO 10 o

M,E‘.

2
4
Al

Vo LRANSTT DATA?)
Jek)

i
Dy

i

© e e s i e SRl i it s o+ et -
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TRARSP 127207172 14107 172D /THANSP/ PAGE 2

an ITE{,1004)
1004 FORMALCS THANSAISSION cha(H == CHAHACTEH #,12,7 1S NOT A CORMAZ ¢
— o TRAASKIT AGAINYY
GO IO 1D
L2 COw Nl
me()Dm(oO lOOc,ILAhD WNC) IC.!:L‘.AZl AZB,ELB
002 _ri rvalSI.QLth;d;ﬂj__é)
IR el aG L e ARG OH s ELB o GT e AKX UR e AZT oG 1 e AMX e DR e AZB Gl e ANX Y
; 1 S0 I 6.
P o0 10 ¢
i L & o lredi,1009)
! 1005 rURAALCY ERROR = ANGLE GREATEA [HAN 360 DEGHEES=THANSKHIT AGAILR?)
T ul Lo 1o
. .I I"'(L.Ll Liu HU O AND«&LI‘.G{.43.U) GO 1(] o]
! et IFEC T 1000
¢ 1006 mOxMAL(” LH“C*( i{)P i:Li:VAlIOn = £i{THER » 110 DEG (3R < 4% DEG?/
' — ‘.. 1S 1HIG. OK2 . TYPE Y (R n*)
L,ALL Yl TOK)
IFLI0C, 0.8 G0 _10 8
Y oI R0 10070)
__100¢ FOREALLS  TRASSAIT AGAIN?Y
Y YO0
E IFCeL3 LV 100 ARDELB O . 40,00 GO LU 11
s D000, 1O0B)
100y _rOdvAL (4 CHECK uOLl0K ELEVALIQN - EITHER »110 DEG O <45 D32/
i L. 1211.‘: 0Kt iYP[: Y5 Or oQf )
CCALL Yl I0K)
IFCIOKGEWL 1) GO 011
BN Y
T IFCABSCAZI=AZ8) LT.2.0Y GO 1012
el it b, 1000)
- 1009 rORSALTY DIFFERENCE [ LOP ARD BOLIOM AZIMULH READINGS?

ALl > 2 DeG/e 18 THIS QK2 LYPE Y OR N7 ) .
CALL Yw(16X)

12 CALL r).nmwx(‘z .s.’/bAVIHu/')
WHEC = e Cr -
1AD = 30%(WeEC-1)%2
CALL wDISCI4, 1 enreCet) . _
CALL wDISC(4, IAD C()h‘ KIS
P - . CALL CLOS=(4).
“ el = £L1/DpPH
SR b = ziB/DPR
AZ = .o*(AZI+AZB)/DPK
j - el = kY- _
Ir(IFEQ.Y) G0 10 900
e 00 (100, 200,300,400) . 11
Y00 GO TO(301,902,v03,904),13
901 _HI0O = b.*wa(zB)*SIN(Ei}/S_IN(D!:L)

S T TXIG & HiO®COS(AL)

g
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THANEP 12720702 14107 Fo72D5H F I AuSPY PAGE 3

OrSINCALL
B}

= ]
L1030 = hiL-+ﬂiO COS(Eai/STnizny
T IR IR e L
Y02 CALL £HiiCHD
L Y= YPYO
X = Xi=X.0
rS1 = ""lA‘l‘g_(.Y'X.)‘ ) .
CALL fribbud(A52,Y52,2582)
X1 = X.o0
= YU
LI = Ly o
CALL SPCCxDIXS1,Y51,251)
o 1010
YOI ngliell, 1021
— 1021 rOrAASCY TiPd)l wEW LOwncK BULB helGHI?)
HlLdU = HILB
—— . HEADC(1,1022) HiLb
1022 rOnmAL(F10.0)
L10 = L10=ALLBO*HLE

GO IO 13
204 OUTPULLTY, #ILLZGAL CODz = Inkur AGATLNY o
GO L0 0
_ 10D CALL SRaFRiCVR(I2,1013,14) Vit Bay2y 13, 14) Vi (12,3, 13,14)) L
GO 10 10

200 1Cki(12,13) = ICaiCi2, Lojel

wWp = Citi(Id 133

CALL iiwrdﬁ(f'(la I3 1 i) VT P12y 13,240P2, VikiZeid,3,0P))

TiCiZ2e 131 40iP) = I4

_ itz I3.2,0P) = [H

Gyl 10 10

00 IDCLIg,13) = [

nCP o= [berdIe, i
ol
y =

22 13)*1

"(:

1 1300DP)  DOTL, 2, 13,0DPYy DII2, 3,13, 00¢))

JCALL amarri(D(]2
ILCI2 [3,0DP
R + ¢ SN S I+ B e
400 IxkCr(l2, 13) = IHCi(I2,13)+]
R IHCL(IZ 13y
CALL inmuenia{n(i, 12, Ia.uHH) Ri2,12, IJ.uHP) {3y T2, 3,uRrP))
e IRLIZ I3 0P = 14 _ ‘ o
Gt 1) 10
J— doudlinll,e0Q)) . e
<301 FORAMALL/Z SX/COORDINATE SY3Teit DErid{iT08 POTN.S 87/
_____._.__Lwﬂg"t)uéhl’:l26.’}L_"aidﬁt.’.r‘:." L.iﬁ;f_ﬁf”/)
W [T (1,2002) AE1,YS1,Z51 %52 1 ¥Y52,252
__ZQQﬁhrOdLAliﬁxu'l’.dX F10e24/. 4X._c_12X;3nJQLZz

.‘ﬂx___wu.eoom o
2004 rORJAT(/7 10X, #VeHICLE REST POSTFI0NS7)
1o DO 20 I=1,2 i
ToRTLe(141200) 1

Cirdl
)
o
14
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30 Il = 3

e Ul Ut o SO e S A R e WIS T o0 A e - A I e Y A L e Y e i ke A POV TS . e Ty S . S ———

CTRANSE 12720772 Va0l T T TTTST2D81 ZTHANSP/ PAGE 4

1200 FORAATC/T5X P VEHICLE NOWZ g 13,71y P WHEC L/ POTN 7y T 1647 K277 4126, Y777

1 13672477
D025 J=1,4
Ir(Vr{(I.JgJ L} EQ.0.D.AND. VH(I 2yJ,L).EQ.C.0) GO TO 20
— r\‘H_Ll"(l‘QC)OJ} Jy OV (T g Ky J ol (K= i.3)
T 2003 FOKY Ar(3¥,12, 4K,.ﬁr10.c)
20 CON Y ITnle
Ll f() (2l.22 2.3) WL
——al L = 2 ‘ e
HHI.H.(I,?OOD)
_ 2005 FORSAIC//Z 10K/ VERICLE TMPACS POSITIONGY
G i() (Be]
22 L = 3
nrn LEe(1,2006}
P00 £ORAALCALVOX o2 VEAICLE POINTS Or _LuPACI?)
GO 0 o
23 L0hs ede . e
e Tie(1,200/0
2007 FORSAIG//29K 421 ]nkl MARKS?) _

[
4 2
26 uPl = IC WILIV Tnit)
P2 = ICWI(IV, IH2)
WM = MAXOAPT P2}
e CepaLe.0) GO L0 20
ﬂHIl‘:;(i.éOOU) IV IWEQII"&
2000 eORSAT (/34X.’VL'.HICT £ RO Ay I3/ 10K (2 RHEEL NO G2 T3, 19K KL
! RTINS K VLY D TN YR SN ISR LSRRI IR BRIV IS T
2 ok,’é"' R
L}{J 25 N*lgl‘épn

IH IS'

— b= e R e e
Jé = 4

e Ji= b [, — - —
J4 = 5

CIelnadtanel) GO SO 26
ST SRS U MY P Y
T V- T O O O £ N7 I Ty
26 IHN.ui.hHZ) b{) 027
_J_§_=_11£1J Dn2 gl on}
Ja = TI(IVeIw22,iv}
_ 27 _COn Tk
TwrITe (2009 (VL(IV Lfl.L W)obk=1,31, IPTCOCII), IWHCD(U2),
T VIV hi2, L,u),g-—l,jﬂﬂ,_lﬁ CD(J.&I {fiHyD(J4)

Ji

T 2009 FORMALIC2Xg2FBa2e2X oAt o IXy AT 02X 3Ft502, 2K, Alg LXJAT 3
25 CONG e
GO £0 (30,31,32,39),1uD
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—AbAnSE 12420772 14300 iv/2nsi £LRANSPS PAZE 5
Ini2 = 4 -
- =2
GO 50 2b
31 Iy = 2 -
Int = |
— g = 2 -
Iinty = 3
g 1629 e ~
32 Il = 3
—_— Ing =4 :
InD = 2
s To 2o B o
33 COwst'Tuue
Il = |
Iv = |
Pl = IDCILIV, ) R . .
nrd = JDCE(EV,2)
—— e WP = SARD (P P 2) _ e .

Irabkd,Lea0) GO 10 38
ol ye (1, 2610) IV

2010 rUﬁ@Af{f/ésX;'VEHECL:'Aouf;rékiéx.faé§315f.zux.'Lzuusz/

s+ aim z éxi"‘;‘."’?c’xv"{"”‘?O“:v";—’”’,!3-5}‘:$JAE,’1{:)X!}ri,iyléy‘.s'fz'_{{.’.; —
D020 h=l, aRd
_ Jdb = 2 o
Yool e e B .
It Lisariy J1 o= IDOIVy Tyn) e
IFGHGLEGP2) J2 = IDUIY,2,4) T T
e ITECL 2000 (D(IV.L,I,N),L;J,SJ,IPICQLJI)L_ e
i (U(IV@L‘E"‘)‘L”I'3).IP“CD(Ja)
_mjﬁLLL%rQﬁﬂAf(2Xn3fU-253XcA5|3Xslst£43XgA'”

35 CONT Invi
—38 U0 10 (36,37, Lip

30 IV = 2 T T
——— D =2 .
G 70 34 h h
37 _CONLTadE ,
16d = | T TmTme oo
e = 1 e
WHIGECE, 2010} T T -
—- 2010 FORHAL(//25% 7 ROADVAY LAYOUS?#) e
40 wPt = IKC. (] ,ne) T T oo
——— P2 = IRCI(2 1) _ . _ S
WPH = MAXO(HPT,nP2)

e AP GePALLELO) GO TO 45

R PO CE, 20120 wE e
2612 rORAAL(/I0X,“ROAD EDCEZ (13 g 144,

1 # SHOULLER E{)Gu’.IB./OX.'X“’,GX,'Y“”.ox.'Z'“.IBX.
_2 ] I’\III'D'X’IYIII'QXQIZ_III)\ )

DO 45 n=),upi

JI = o
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[RARSE . §12/20/72 14107 1972081 ___/TRANSP/

PAGE

IR GGLLEGP DY J1 = DR RE, 1)

J2 = 5

I

TFCALEGHP2) 02 = IR(2 NE o 1)
o Die(1,2013) (R(Ly 142 i) 4 L=1,3), IPTCDUII ),

! (R{L 2o tvm M) L=l 33, 1PECDCS2)
2013 FORMAT(2X 3 3Fue 24 3X 4 A1, 34, 3r8,2,34,A1 )

40 CONT Inde
L0 O (41,42,43,44), TND

41 luD = 2
_h}: = 2

GO TO 40
— 42 Juo=3

we = 4

GO 10 40
43 [ = 4
e = 4

GO [0 40
44 COnYInve

DO 20 I=i,4
— il m THOV(3, 1)

TF(er Le.0) G0 To w0 -
nRkITZ 0, 2004 P

2014 FORAALC/725X #FRICTION BOUNDARY? |\ [478X,# X775 6X 7 Y0 17, 5% 7 2777

DO Ay s NP

Ji = IH(J}I’[\I)

S LA SEAU DRSO I SFTVIN Y INCI IS £ TV s TR I D!
2015 FORMALLZK,3F842,3X A1 )
e A9 _CQUNT [t .

50 CONUIAJE
— o EHTTEC L, 0001

200t FOJAAICY INPUT VD1#4S7 /7 VEQICLE 1 VDI 11 7)
—_— . KEADC],9002) AVDIL Iy, I=| 12l

5002 FOANAL(2A4)
e ARETECL D003}

5003 RORMAICY VEHICLE | VDI 217y 77
e READCI(B002) (VDICI), I=d,4)_

u I () ,o004)
2004 FOsAL(7 YEHICLE 2 VDI J12)

HEADC,5002) (VDI(]D), I=h,6)
—— wr Il ,5005)

5005 rORAATCY VeHICLE 2 VDI 2:7)
e READCT0002) (VDI 127,8)

Ht ITE (1 5006)
2008 rURMAICS HAVE VEHICLE wEICHIS pEbn MEASURED 74)

CALL YalI0K)
e IECTOKEQLQ) GO 10 »007

aBITEC] ,5008)
— 2008 FORAATLY INPUT wulGHT VEHICLE 14)

READ{]45012) wvi
2012 FURMATCRG.0)
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THANSY 12720772 1407 157208 LTRANGD/S PAGE ¢
wrITE(1,5000) :
__500% W).-fha,f.l'“ IN‘J*‘T REIGHD VEHICLE 243
KEAD(] 00120 ave
L8007 arITE(I,S010) —
TH0T0 FOH 4AT (¢ TwPJT SURFACE H-EICII’H INFORMATIONEZ)
o BEADCL 00 1) (SERC{E) I=1,20) _
BESEE FORMALT(2044)
CALL OPENS{h,2,7/C0JT/%)
CALL BJFFER ()L.ll(::,l DU, 1938, 144}
_CALL BUFFck GQUT(», l,IDUh.dbﬁ_I_,!\) e _
CALL CLUSE (D)
SexB o - - e
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FHAWSP 12720742 14307 1072051 LInANGR/ PAGE &

KX PAUE xx o NAME wx e
T MA TN o a
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THNFEA 12720772 14107 : 1572051 AR iy BAGE 1

.+ SUBROGIINE TR&FRM{XN, Y, 200}
_______QQMJﬁLAh¢4:b.AAJDnL AA.YI;Z&;HL&KLQ&XI?*ZLQleO ©S}

DPr = 3 2957
JHUE = 0

16 ri 9.xSIH(ER) *STH(ET)/SIN(DEL)
x{ H1xCOS5(AZ)

YI =-l? 5Ii(A L)
r = b arr R CQSER) /S TR

}l"lt#

IF(JurEQ. 1) GO 10 90 .
20 DX = Xi=Xi0 o

DY = YI=YIO

SP_= Slu(prsl) e

CP = COS(pPSI)

—_ X = DE=CP+[YRGP e

Y = DY#Cr-DX#SP
A= IT-200
JiP = 0
YO _nelUsy

ENTRY THacHD

T 1) , _ e o
G re 10
ENIRY SPCCRD (Koo Yiig Zoid ——— _ e

G {0 20
1T

P e — - = - - [T — —
’
e - btk A s 1 28 . . . C e e s o mm———
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THuE R 14720742 141207 1272Ds) L TRNERNS PaGE: 2

X2 PAGE % %k NAME_ %%

i  sUBrOu VINE FRNFRMCKN Y0 20

i ENTHY TRWCRD ST } "“
T T Ewiwy SPCCRDUXi, YNy Zin)

— et e ~— - - [ P —
——— e e e, - dmme LR —
e et e —— - - rre
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PLTOUT 12720772 141017 1572051 /PLTOUTY/ PAGE 1

CONMDU L5/ NRUZ. 3,453 VIl2:4,5035),D(2.3:2.25),
i H{Z.3,4,30), T00L(30) (VD103 (V] V2 SFRC(L0)
e L0 £ISL JCWI(244), 1142,4,2,35)  ICODE(I0)  ICARD(Z0) ,
I ID(Z.Z.Zb).IDCiﬂz,Z).IH(3‘4.2j).iHCf(3.4)
—— RLFens 10N JSZC2) JAL4),BU4) ,XP(4) , YP(4) IPTL(20) 2 LYPEL3)
DIMENSTON DUn(190m), IDJM(554)
EQUIVALENCL (DUACE) 3 Vil 13 103 CIDUMUID TSI 4 1))
DATA LYPE/ HGSL?,¢ IMPIZ o ?8ubr? /7 PID2/ ) 57077
DlLdEegOw 708y
UAFA A/3.'f2.4.39,4.78.:5.04/.3/.'3.55.4.b1,4.9‘1,5.29/,
e E/4,27,4,01 5,005,264 - — "
DISenaT0n Xr(4) ,Xue{4),Y5(4)
RALA _IXOrrs19s R _ -
UAI.A ){E/éo23’?. l D.Y.‘)O,U.d@/. AH/"‘éuQé '-bo 34 g-gu 22 5‘9396/‘
b ¥5/2,59 1 249853:20,34307/__. A
DAtA loni/ =t/ ‘
e APl = A4, %2 1002 e e e s
- CALL OFERS(3,2,2/PrAPE/?)
CALL QPcnS(2,142/C001/7)
CALL 3UFFax [W(2,1DUM 2178, 1,0}
LCALL SUFFar T(2y 14 I1DUA, 10144 Leiv)
CALL CLOSE{(2)
et LIRS 1996 (TLLCI ) I= 00350
Te9e FURMAL CERAZ)
SR 0§ N 144 I BER I
e U0, 1000) IV
—10C0 rOMAL02 ToPYT. SIZE CODm. FOH VeRICLE H0.2, 13D
READCEL1001) ISZ¢Iv)
— 100} pOssasc, 1)y ‘ .
Il = [uativ)
e LR (3, 1999 XFOIT) , XOID L, YSUID)
1999 rOasar(3rio.2)
200 COnG Fave
LO =81 Ji=1,2
O, 201 _Jv=1,2 e
Wl ECTHL1002) LYPE(ID) IV
1002 EQHaas L TuPul HgEL NOS,. L0 Sk _USED 10 CALC C.G. & ¢S FQu’./ _
i 3X|A4| ‘A|’POSI$ION i"()“ VEH 1'&(}.’.12) M
.o ADC)1003) 1,4 o
1003 rOrWAFCIZ2,01)
e lledie0) GO 20 H0Y
XCG = (.
YCU = 0.
PSI) = 0.
RN €0 B 3 ¢ B-To
207 DO 202 K=t ,4

- MELRY = VROIV VoK 30
502 YP(K) = Va(IV,2,K,J0)
IFCIASS (=), G e 1) U0 TO_550
PSIV = AIANZCYPUDI=YR (), XP (1Y =XP(I))=PID2
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PLIOUL

Si0

»20

518

EHE
=187
w01

AEGRSIVLLTL0.0) PSIV = pSIVe P

X

1D o= Tadorvy

A2 = Lowink

F2/720/72 1as0y SPLTGUTZ

Ia72D51

FSI = POlwxsl, 3

SOF s Sidieslv)

Cv = ZOS(PSIV)

IHE = 3Qm;((XP(IQ—XPCJ})**2?115{11:Xﬁi4)J*r2>

IF{leuta 1) GO 70 »20
= oArdh)

Y = YP(])

I ISZ01v)

Al -ALTI)

A e DERIHK

ACSG = X+AI*CP+A42%5p

YCU = Y+Alx3p=p2=Cp

Gl 10 209

A AP{3)

Y Yel4})

#

0ou

it H

Al 011D

G 10 w10
PSIV = nIANZIYH(I)-YP(J).XP(L}—XP(J)}
IF(PSIVLLL U0 pSIV = PSIV+iP]

PEIN = PSivear,.3

SF = 5LaP5Iv)

CP = COZ(PSIV) e
nho = SQH{((XH(I)—XP{J))**6+(YP(I)-YP(J))**E)

II = 15201V _
Al s CITY /00T + 50T
Ad JAlliw.o

ik(I-\;lti) G() If) DCSO

o= Xpr{s)
Y = YP(8)
GOS0 SI10
A
Y

H i

it

R e e ———— e . L

KP4}

G0 wlo L
vl {3,000t} IV JIg4CG, YCG,PSI0
FORAAT(2I4,5F10,.2)

COnTIde

v Iie (53,8050} ((Vﬁ(IV.I.K‘J),Vn{IV.Z‘Klg),K=j,52.IViL12) .

oUnU FORGAN(ZFIU. 2)
o POC0D IV o= 1,2 e -
!J() OOU Irs-—"!"i
. _onE = IOV Ta) e e .

201 Ivy =

_. VO 602 n=tup

nS = -

40 (601,002,603,604)  ITCIV, iy} i
!

Ly 10 en.
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PLIOJT 12720772 140 1572081 SPLTOUTY/ PAGE 3

602 IPT = Ipi+]

GO 1D 08
603 Ipf = IpPr+}

GO U 60n T ‘ - '"'

604 IFL = i

GO 10 807
w6 ILCD a 2

IFCTSCIV, TN, 2o oEUL 1) ILCD=3
6CB 1S = 5+¢

TPTTCaS+t) = Tpf~
- CE VRN Y § Koid

G 10 605
607 ILCD = &

G0 80
808 COnlTeue 0
IRV (G+2Y =
APTL(S+3) = O

InP = 05+3 ' -

NP =

DO 0¥ d=2,1kP,2
890 np = ,mpﬂ})u{ )

Hh‘&it(J 8002} 11“) (Ii"ilrvﬁ),h l'.‘,hk)) —— e — e
-10[U R 0T 'SAW(I\_;IG) e o | )
Meg et 3, 8003) (V] COIV T, oy s dmt s hine s

—H003 FUAAD(ore,.2)
mfiuu o003) (Vl(l‘/ L, 2,.%!..5 NARTD]
600 hu{;:uk .
DO 700 J=V,.2°
— LLCD = 2 . )
DO /10 we = 1,4
HS ©t =
N = IHCJ(J.NE)

SO 10 (T121,722,723,724) , IR(I, dk 1O
A2 IPr =0 e —
W10 725
— A2 1Py = IPv+y. —— —_
GO 125

123 1Py = JP1+])
GO 0 72w
— {24 JPL = 1 . e —_
SO 0721
126 1S = a5+ L.
TP TS+l = 1e7
Aeie(as) = ILCD e ——
W) 1O 129
—ted GO O T8 R — - -
{29 COnITwde
IPTLCs5e2) = |
IPTECaSed)Y = 0
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PLiOUT 12720772 L4107 1572081 /PLTOUT/ PAG: 4

I = NS+3

H
E ‘ Kl = 0
‘ DU Y0 M=l INP,2

TUOT P = dwbelr IOy

. e L E 23,8002 TP CIPTECA) oMzt 110P)
] !‘HIi’:(j,BOOBJ (R{I|JQNE:§M)‘H=E.MNP)
HHEEC(.:B.UOO.B) (R(ElJn“E.,’?‘l)gMgl..";‘;f‘PL

. f1d CONVTads

- £33, COT Ina,

ol 760" COw I Lide

STl N LD 800 1V = 1,2

TR0 B0 Jel,2
! - Y . WP = ID»I(EVlJ)

3 : WS = -]
: __DO dan wsl nd

ILCD = o
__m_u_ti)i(J(dJi.55243J3 8342, IDCIVedemd

I
—p
¢
o

- b o3l Ipl =
PR s dJJ

Y o032 1ML = IRi+]
©o ‘ oD O W30 o e -
d o 233 IPf = lri+t

ol Ig o d3s o . N ) L
T u34 IRl = ]
S0 W0 B3Y

330 158 = 45+2

o Apletds+ny = Ipn
: Ir1iHs)y =
: S 0 B ¥ 3 K 11
; w37 GO 10 836
_ 35 CONCLduE
. IPTIGISTZ) = 1

T e JEPIELUSHS) =

kg

e~ -

Ll
-

PSR AT e Pl

=N TP = 1S+3
NP = O

i DO %) n=2,InF,2
i L BY0 P = UNP+IHlL( £
S nlie(2,8002) I8P, (IPJf(M).M-I.-HP)
TE I re (3, 0003) (D(IV badail) oM=1gmny 3
; Al (3,0003) (DUIV,2,.J, Ai.M—l.muP)

S ___ulZ2 Ol IJJL e
A 000 CON{ Uz
RS LnnRIEL3,8002) [enD
i dRITE(3,8051) (VOI(I) I =1,8)
3 A gob] rOHHA‘(2A4)___F o L .

bt nelrE(3,8052) uVI,nJ&

B _BU52 rORAATLZFID.2)

S i ITE(3,0053) (SrrC{TIY, I=V,20)
kP 6053 FURSAT(20A4)
Froe welI7E(3,8999) T4OFF
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LLIOUT 12720472 14307 1972DSL  _/PLIONIZ

PAGE &

BYYY FORMAI(AGY T T T T )
CALL Loile ()
D
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Oe 12720472 14307 1912DSL  /PLIDUT/

PAGE 9§

rid

_** PACE %% *% wAME K% .
T T A T —
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dlakys

V22217172 lesln

Sl wcusIOn AL30)

I =0

CALL Drend(d

CCALL OPeintal 2, 1, f7/SAVIRL/?)
v 24 AN RANSY /YD)

CALL 20I5C(e, 1,1
etlic(l,vy) L

Fisiaiilo)

A 2l I=1, 1L

_ LAD = 30%(I=])+2

anl ol 99)

CCALL «DT5C(2

wd 1ie (3, 00

cainlleCh,v2)
C rURaAL(S [se '
rOdBALLS0AT)

i Iaug

CALL QLOS:(s

_Eivd

IAD
] _I‘AD| A !30)

(ALY, J=1,30)

I, (A, J=1,30)
14,243041)

doadlielhyyly 1o
FORGAL(? 40, OF ReCO4DE =7, 14)
CCALL CLOS: (2

)
)

1oy2081

LolusYis PAGE |

" - . — S, Y — e e e ———— -
p— - - T ———— b e
- A e e —
- - it —————
f—— - R e e e ——— e =+
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TRA®SIT MEASUREMENT CODE

DIGIT
I 2 304 05 DESCRIPT TON
9 0 1 0 0 Origin of space fixed axes
3 0 2 0 Q0 Puint alung space fixed X7 axis
9 0 3 0 ¢ Code to indicate change in height
of lower bulb on stadia rod
g g 9 0 0 End of data code
1 v owcCi oo Vekicle Position
V = Vehicle No. {1, 2)
W = Wheel No, (1, 2, 3, 4}
C1 = lIdent. Code
1 = Rest Position
2 = Point of Impact {wheel positions)
Note: 2 will be used to approximate
c.g. and yaw angle only. Will
assume {front wheels are best
defined .° rear wheels will
be used unly for yaw angle
3 = Point of Iimpact {point.of
contact between vehicles}
2 vV W Cl C2 Tire Marks
V¥ = Venicle No.,
W = Wheel No.
Cl = 1 = Start of Series
2 « End of Serizgs
3 — Continuation of Series
4 — Single Point
CZ = 1 - Rolliing
2 — Accelerating
3 — Skidding (braking nr side)
4 — Flat Tire
158 ZM-5096-V-1



1 2 3 1 s
3 vV Cl Cc2 @
4 Cl1 C2 ¢3 o

Debrie

v
Cc2

Cl

DESCRIPTION

Vehicle No.

1
2
3
4
1
2

A

—

Start of Series

End of Series
Continuation of Series
Sinale Foint
Underbody Debris
Liguid

Roadway Layout
1 «= Pavement Ydye

Cl

Ce

Cl

C3

i59

tt

2

i

I 2

3,

3

B N

&

!

N I

Shoulder Edgo

- Te assign pavement
shoulder edges

Other Bounda ry, i.e.,

ice or wet palch

Start of Series -

End of Series

Continuation of Series

Single Point
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TRANSIT MEASUREMENT PROCEDURE

Crordinate Seveter [Fefinition

Two points required; lst to be oripin of earth fixed axis system;
2nd lies along X' axis, /

These points should be siphtable from different transit locations since
all evidence will probably not be visible from one location, If the transit is

moved, first two points must be resighted in proper sequence,

Vehicle Positions

Rest Positions

Sight each wheel in estimated undamaged position (if necessary) with
appropriate code. No particular sequence is required and wheels may be
sighted from different transit locations.

Impact Positions

Sight approximate positions of front and rear wheels at trmpact, No
particular sequence is required and sightings may take place from different

transit locations.
Point(s) of Impact

Sight point or points of impact between vehicles.
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Tire Marks

Current codes {or tire marks include rolling, skidding, accelorating,
and flat. A second code desorilies a measured point as the start of a scries,
continuation ot » serivs, cnd of a series or a single point, ldentification af

the vehicle and tire is also included.

The procedure {or recording tire marks consists first of identifying
and associating marks with the tives of each vehicle and then recording &
sutficient number of points along the trajectory for an adequate descrip'ion.
The first puint recorded for a piven series ({or example, vehicle 1, tire 1,
rolling} should be coded as the first point of a series, followed by any number
of centinuation points and concluding with the end of the series code. Jf the
type of tire mark then changes {for example, from rolling to skidding) the
appropriate code is changed and start, continuation and end points are

recorded.

Note that the sequence of start, conlinuation and end peints must be

followed for each set of tire marks,
Nebris

Current provision for coding debris include underbndy debris and
linuid, Debris may be located by outlining an area with a start, continuation,
end sequence, locating a trajectory (of for example, trailing liquid) aiso
with a start, continuation, end sequence or locating isclated objects with a
single point code. As '‘nthe case of tire marks, the sequence of start,

continuation and end must be followed if applicable.
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TR e e s

.

Roadway Lavout

Codes for identifving up to four sets of pavement and shoulder edzes
and any number of other boundaries (for example, an ice patch or standing

water) are provided. Outlines of the meassured areas are located with a

start, continuation, and end sequence,
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