APPENDI X |

A DI SCUSSI ON OF DATA GATHERI NG SYSTEMS

Edwin A Kidd
CALSPAN  CORPCRATI ON

January 16 & 17, 1975

-101-



| NTRCDUCTI ON

A data sampling plan that provides an accident data fil e that S
representative of the national population is inportant. A system for data
processing, storage and retrieval to allow early determnation of trends in
accident, injury and fatality frequencies is essential. But the nost critica
probl ens are those concerned with the collection of consistent, coherent data
on individual accident sequences with a volune far exceeding that now
avai | abl e.

For too long, those concerned with accident studies of the effects
of safety standards already in force have had to nmake do with either too snall
sanpl es of reasonably good data or relatively large sanples of data whose
content is inadequate for the purpose. In the first category is the data bank
(and “bank” is too grandiose a tern) that has resulted from the individua
federal teans of nultidisciplinary, professional investigators. These teams
can serve useful purposes in special studies, in discovery of problens that
woul d otherwise go undetected and, particularly, in the area of accident
causation. By their very nature, they cannot provide a sufficiently large
data sanple relevant to the inplementation of standards aimed at injury and
fatality reduction wthout excessive expenditure of funds

In the second category are the presently available state data banks
of relatively low content data obtained through the use of routine police and
driver reporting. These data have been valuable in denographic studies, in
the broad-1ook definition of trends and in statements concerning the nmagnitude
of the overall problem primarily in fatality frequency. In nost cases, such
data is totally inadequate in content and precision and, despite the relatively
| arge nunbers available at relatively |ow cost, cannot adequately define injury
and fatality reduction resulting from standards inplementation.
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There is a third category of data collection systems that has
evol ved over the past few years that lies between the very detailed team
approach and the routine police reporting as established independently by
the states. The potential exists with this nulti-level approach at selected
centers around the country (present exanples include Calspan in New York
HSRI in Mchigan, and HSRC in North Carolina) for a conbined data bank that
woul d be a mejor step toward the attainment of a greatly increased sanple
size with, and nmost inportant, accurate individual accident data with the
content required for the purpose

proper utilization of the potential of these data centers can be
realized only if investigator and accident reconstruction aids are inplenented
that will allow the police to obtain the necessary information with orders of
magni tude inprovement in accuracy. Local and state police already have the
charter to investigate accidents. There are no unsurnountable problems in
providing themwith the new tools that have been devel oped for collecting the
data that would be the basis for a national data bank sufficient f or NHTSA

needs in surveillance and effectiveness studies.

Data Requirements

The lisof specific data el ements in each accident that are
deemed to be essential can hardly ever be conplete for the serious analyst.
However, the routine and continuous collection of accident data can be tedious,
time consuming and costly. Every effort nust be made to keep the data require-
nments to a sufficient set commensurate with the need

Such sets have been defined a nunber of tines for various ongoing
studies. The one presented in Figure 1 is stated in somewhat general terns
as it is required, in this instance, primarily for the conparison of data
gat hering techni ques.
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DESCRIPTION OF

GENERAL ACCIDENT INFORMATION

SPECIFIC VEHICLE INFORMATION

OCCUPANT INFORMATION

DRIVER INFORMATION

IMPACT ENVIRONMENT

INDICATION OF DETAIL

SINGLE OR MULTIVEHICLE, RURAL OR URBAN,
HIGHWAY CATEGORY, PROPERTY DAMAGE ONLY OR
INJURY, OBJECT STRUCK, OVERALL SCENE
DESCRIPTION, ROAD SURFACE, AMBIENT CONDITIONS

MAKE, MODEL, VIN, IMPACT DIRECTION AND
DEFORMATION (VDI OR IMPROVED EQUIVALENT),
AVAILABLE RESTRAINT SYSTEM, LOADED WEIGHT,
TIRES, INOPERATIVE SYSTEMS PRIOR AND AFTER
IMPACT

SEX, AGE, HEIGHT AND WEIGHT, INJURY (MEDICAL
REPORT), SEATED LOCATION, USE OF RESTRAINT
SYSTEM

DETAILS AS IN OCCUPANT ABOVE PLUS DRIVING
EXPERIENCE, TRAINING, CONVICTIONS, PHYSIOLOGICAL
CONDITION, PSYCHOLOGICAL INDICATIONS, ACTIONS
PRIOR TO AND DURING ACCIDENT SEQUENCE

SPEED AT IMPACT, RESULTANT SPEED CHANGE
TIME HISTORY, COMPARTMENT DECELERATION

Figure 1 ACCIDENT DATA REQUIREMENTS




Even this rather sinplified listing appears formdable. How
ever, to sone degree each of these elements or approximtions thereof are
bei ng obtained, by one neans or another, by sone of the present ongoing
prograns. There is no element in the outline presented in Figure 1 that is
not germane to existing standards. If we settle for a system that provides
accurate information less than this and/or only for a quantity of a few
hundred or even a few thousand cases, NHTSA cannot do the job it has been
directed to do

Definition of the total nunber of accident cases required annually
for an adequate national data bank can be made if (1) the questions to be
asked of the system can be identified both for the present and future; (2) the
accuracy with which the particular data elements can be neasured is known or
can be appropriately approximted; and (3) the statistical analysis techniques
to be enployed can be agreed upon. This is not meant to inply that such
anal yses and decisions should not be nade. However, there are no statistica
procedures that can adequately overcome the pastand current inaccuracies with
whi ch such extrenely inportant data el ements as impactspeed and Speed change
have been reported if they have been reported at all

- - T TN T

There will need to be a parallel effort of statistical analyses to
i ndi cate what questions can be addressed with acceptable statistical significance
as a function of particular sanple sizes along with the determnation of the
funds that can be made available. The financial inpact of standards on
the consumer has been and will be considerable —billions of dollars annually.
Figure 2 presents an average cost per car for the FWSS to date based upon
i di vidual autonbile manufacturer’'s data. It seens prudent to schedul e
funding for the primary surveillance effort -- accident data collection --
conmmensurate with the far reaching decisions that depend upon such data
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Data Gathering Techniques

In order to obtain the data required on each accident, every
accident analyst would gladly utilize whatever data gathering techniques are
available. Ideally, crash recorder information, police and driver reports
intensive investigation team reports and on-scene reconstructions of the
accident through conputer aids to investigators would all be gratefully
accepted by every serious analyst for each accident. In fact, no anal yst
woul d refuse any available high speed photographic coverage (in color, of
course) .

Cbviously, it is neither practical nor essential that all of these
systems be provided for the achievement of the basic national data bank. It
has already been stated that the intensive investigation teanms may have other
purposes but cannot provide the data in the quantity required. It has also
been noted that existing state data, conprised of nerged police report, vehicle
registration, and driver licensing files do not provide the content required
for the evaluation of safety standards.

Crash Recorders

Crash recorders can only provide a portion of the desired
information as a supplement to continuous accident investigations. At best,
a recorder can provide only the information outlined in Figure 1 under *“Inpact
Environment” plus driver control actions during the accident sequence and an
identification of the vehicle in which it is installed. Despite the fact that
the information a crash recorder is designed to obtain is the inpact environ-
nent, and that this is the data now totally lacking or sadly inaccurate, a
detailed accident investigation would still be required to provide the essential
general accident, specific vehicle (including the other vehicle) and occupant
and driver information. Thus, the overall cost of an accident investigation
woul d include essentially the present costs plus those associated with the
provision of crash recorders.
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The nunbers gane nmust be considered as well in the consideration of
crash recorder Installations. The actual number of accidents that would be
available for analysis would be a marked attenuation from the total nunber of
crash recorder installations (Figure 3). Assume that recorders were installed
in 100,000 automobiles. Nomore than 1 in 4 of these autonobiles would be
involved in any sort of accident annually. This reduces the nunber of accident
cases with crash recorder information to no nore than 25,000. If it is further
assumed that the accidents of principal interest are those of nore than m nor
severity, for exanple, towaway accidents (approximately 12.5% of all accidents),
then only 3125 accidents would be available. [|f we exam ned only the highest
vol ume nmodel of the major Anmerican manufacturer (approximately 25% the nunber
of accidents available would be approximately 781. Further division of these
accidents into accident type, direction of inpact, etc., would further
di mnish the nunbers. This severe attenuation would be greatly increased for
car make and nodels other than the one with the greatest penetration of the
mar ket .

It is recognized that the crash recorder is designed to provide
crucially inmportant information on inpact environnent that has not been
otherwi se available, at least in quantities with acceptable accuracy, However,
there is now available another method, as discussed below, for obtaining this
information with accuracies that appear excellent. Both methods should be
conpared in staged crash tests and considered for some possible joint use as
nutual |y reinforcing data sources. However, the conputer aided system with
its outputsof a detailed scene description and an accurate reconstruction of
the accident, offers the nost promise, as a fundanental element of a continuing
data gathering system
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ANNUAL CRASH RECORDER INSTALLATIONS 100%

VEHICLES INVOLVED IN ANY ACCIDENT 25%
VEHICLES INVOLVED IN SEVERITIES > TOW AWAY 3.125%
MAJOR MANUFACTURERS HIGHEST VOLUME MODEL .078%

Figure 3 CRASH RECORDER EQUIPPED AUTOMOBILES
IN ACCIDENTS




Conputer Aided Investigation and Reconstruction

Wth support from NHTSA, this on-scene accident investigation and

reconstruction system has been devel oped and dermonstrated (Figure 4), An
automated range-finder transit with associated conputer hardware and readout
(Figure5) provi des a drawi ng of the accident scene and suppl enental accident
information as required (Figure 6). These physical evidence data are
transmtted via a radio-telephone link to a centrally located computer which
returns a reconstruction of the accident (Figure 7).

In actual reconstructions of staged accidents, this investigator®
tool has faithfully reproduced the accident sequence with inpact speed and
speed change reconstructions of 2-3%accuracy. Wth this system police
investigation teans can generate high quality accident data in the course of
performng their normal police functions. Yet the system has been found, during
field trials by police personnel, to actually ease the tasks of scene neasure-
ment and reporting. Thus, both the users of accident data and the police can
benefit from adoption of this system

The econonmics of adopting the system would be extremely attractive
fromthe viewpoint of elimnation of |abor costs in the generation and report-

ing of accident data for research purposes. The end product is already in
digital format for statistical analysis.

The nature of the output fromthe van also lends itself directly to
a central data bank orregiona databanksr ecei vi ng reconstructed accidents
and suppl enentary data over existing telephone lines. This continuous updating
of current data is particularly attractive. At present, the best a state can
do, those few that can supply merged accident tapes, is provide a year’'s data
six-eight months after year’s end. A dedicated data collection center, such
as presently sponsored by NHTSA, can provide conputer tape updates of collected,
augmented police reported data every three nonths with a three nonth del ay.
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SCENE AND ACCI DENT RECONSTRUCTI ON

FI GURE 6
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GRAPHIC DISPLAY OF OUTPUTS OF-
ACCIDENT RECONSTRUCTION
COLLISION AND TRAJECTORY

nwg

AXIS INTERVALS ARE 10. FEET
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RECONSRUCTED POSITIONS AND VELOCITIES AT IMPACT DISPLAYED FINAL POSITIONS VEH CLE
C.G. POSITION |HEADING C.G. PUSITION | HEABING DAMAGE
Xct Yc1 PSIt | FRD  |LATERAL | ANGULRR| XCIF | YCIF PSI1F REMARKS INDICES avy
FT. FT. DEG. MPH | MPH DEG/SEq  FT. FT. DEG. HPH
INMOTICN AT |0O2RYEMWS4 20.8
VEHIQE # 1| 6.0 0.0 | 240 | 0.0 | 0.0 10.3 | -63.5| -84.6| 3.5 sec mFrer [O4RZEH3  (10.2
INITIAL CONTACT]
I
VEHIGLE ® 2( .0, | 6.8 | -90.0| 3.8 | 0.0 | 0.0 | 26.8 | -13.2]| -3.4 | VEHICLE AT REST )
FI GURE 7 SAMPLE ACCI DENT RECONSTRUCTI ON




Data Collection System

The rmobile accident van will be ready for general police use
after sone additional field trials. The accident reconstruction conputer
nodel (SMAC), as incorporated in the van reconstruction software and
hardware, has been distributed and is in extensive use; additional validatio,
for a variety of accident situations is planned. The total system works and
works very well. It is appropriate to consider how it mght be incorporated
in a conplete data collection system that would provide greatly inproved and
accurate accident data with the quantity and content required for surveillance
of standard’ s effects on accident consequences.

strategically located data centers have been suggested for the
col lection of regional data sanples of the multilevel type. An appropriate
distribution of accident vans for use by police investigators wthin each of
these regions would provide continuous data into regional data banks and/or
to a single data bank.

There are two primary options for van configurations. Police
investigators can be equipped with either a Scene Van or a Reconstruction van
The Scene Van would provide a description of the physical evidence and
suppl enentary accident data (Figure 6). Hard copies of this information in
appropriate format would be available as the police report. In addition, al
data would go on tape cassettes to be forwarded to the particular data center
for reconstruction of the accident by the SMAC nodel. The reconstructed
accident information would supply the center’'s data bank. Appropriate
retrieval and anal ysi s programs woul d provide inmediate anal yses as required
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Reconstruction Vans, with either self-contained reconstruction
capability (nore conprehensive on-board computing equipment) or radio link to
a regional time-share conputer or conputers would by-pass the step of accident
reconstructions at the data center. Also, a nore desirable feedback to the
acci dent investigator at the scene would be available. (asuccessfully recon-
structed accident is the best check of the conpleteness and accuracy of the
scene data.) Each reconstructed accident data set would be stored (short
term) within the van and transmtted, when convenient, to the data center at
available termnal locations (already present at police agencies).

A rough approximtion of the cost for two assunmed data collection
systens is given in Figure 8. These are given to provide an approximte
range of system costs for collection of 100,000 cases annually. The cost of a
radio link reconstruction van system would be somewhat |ess than the self-
contained van with a resulting overall cost close to that of the scene van
system  Final selection among these alternatives should consider, in addition
to basic costs, operational factors including the advantages of program
updating and nodifications with either the Scene Van or the radio-link
Reconstruction Van and the overall data inprovenent that would result from
the Reconstruction Van.

Regardl ess of the system selected, costs per case of less than
$100 are estimated. This appears to be quite a bargain. The system woul d
provi de 100,000 cases per year for whatever investigation criteria is
desired, e.g., tow away cases. Costs per case are essentially independent
of data sanple size. The assuned rate of cases per van per year is
conservative, considering that police agencies operate 24 hours per day
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Qoviously mssing fromthe estimates of Figure 8 are |abor costs
for data acquisition at the scene. It is assumed that police would do the
investigations. Wth police use of vans for their own investigative purposes
with inproved efficiencies over the present, acceptance of the vans shoul d
be readily realized.

Based upon our experience to date, we believe the useful ness of
this mobile systemto the police thenselves can be denonstrated and there is
no concern that they cannot properly operate the equipnment. |nplenentation
of a total collection system enploying this scene data gathering capability
will provide NHTSA with the information needed.
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