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I. INTRODUCTION AND OBJECTIVES

A. Introduction
This thesis resulted from a suggestion by my major professor,
Dr. R. L. Hardy. My original concept of a thesis topic was not very
specific; I simply wanted to study some aspect of close range photogram-
metry. Karara (1972) has defined close range applications of photogram-
metry as those involving a distance of less than 1000 feet from the cam-
era to the object or objects of study. These are nontopographic applica-

tions involving medicine, dentistry, archaeology, architecture, and many

others. In most of the published literature concerning these applica-

tions, a great deal of attention is paid to preplanned acquisition of
suitable photographic data. Dr. Hardy focused my attention on the rather
contrasting situation in close range photography for traffic accident
investigation, and closely related cases involving litigation or out of
court settlement based on close range photographic evidence. Pre-planned
photographic data acquisition seems to be an exceptional case in this
type of application. Dr. Hardy has been personally involved as a photo-
grammetric expert witness in two court cases, and one out of court set-
tlement involving close range photogrammetry. His analysis and testimony
had to be based on use of close range photography which was not pre-
planned for photogrammetric use. More explicitly, it was news or com-
mercial photography which just happened to be available. He noted that
the availability of pre-planned photogrammetric data associated with
traffic accident investigations would have greatly reduced his fees,

and presumably the fees of many other consultants in photogrammetry.
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Other economic considerations certainly are involved, but they have not
been adequately identified. Very few, if any, details have been published
by consultants in this area. Some publications, such as the Police Evi-
dence Library (1965), have referred to the existence of such consulting,
but only as an incidental topic. Dr. Hardy expressed the opinion that
this is due to the unique nature of each case of data acquisition. It
is doubtful that such cases could be used by consultants as a model for
adequate data acquisition on a routine basis. The resulting photogram-
metric analysis, while it may satisfy the needs of the client, is some-
what of an expedient in a technical sense. It may be original and inno-
vative in getting the most out of an inadequate data source, but that in
itself is not likely to be considered as an advancement of the science
of photogrammetry. Therefore, publication of such material would likely
focus on the already known problems of data acquisition in this applica-
tion, rather than on a proposed solution in the form of a recommended
data acquisition-data reduction system for future use on a routine basis.
To be effective, a proposed solution must be acceptable to both traffic
enforcement agencies and to photogrammetrists.

It was suggested that I write a preliminary proposal for a study of
the technical and economic feasibility of implementing a simple system
involving data acquisition and data reduction for application to traffic
accident investigation in the State of Iowa. It was envisioned that my
thesis could be considered as the first phase of a potentially more com-
prehensive project. Later phases could conceivably be expanded into a

pilot project involving federal support, with joint participation by

Iowa State University and a law enforcement agency in Iowa.
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My preliminary proposal resulted in the approval of a project en-
titled "Use of Photogrammetry in Traffic Accident Investigations", sup-
ported as Departmental Research Activity in the Department of Civil
Engineering through the College of Engineering Research Institute. Neces-
sary travel, photo services, and other minor expenses were supported by
this approved project. The investigations associated with this project

have provided the basis for this thesis.

B. Objectives
After a few false starts, the objectives of the investigations
associated with this thesis have evolved to the following:

--Based on a literature review, to analyze and compare systems of
close range data acquisition and data reduction, as applied to
traffic accident investigations, in the United States and inter-
nationally.

--Also based on literature review, to compare and analyze conflicting
views by the photogrammetric and traffic investigation communities
as to the degree of sophistication needed for traffic accident
reporting.

--Based on the preceding analysis, to investigate the technical and
economic feasibility of at least one simple but integrated photo-
grammetric system of data collection and data reduction for traffic
accident applications.

--Based on the preceding analysis and feasibility investigations, to
recommend a system, or systems, for utilization in a federally sup-

ported pilot project to improve traffic accident investigation in
Iowa.

An important secondary objective was to develop the necessary con-
racts and a rapport with at least one law enfcrcement agency in Iowa. It
is envisioned that a successful pilot project must involve cooperation

between at least two interested parties, i.e., the traffic investigation

community in Iowa and photogrammetric experts at Iowa State University.
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I. LITERATURE REVIEW

A. Introduction

1. The traffic accident diagram situation

The diagram of the accident scene is that portion of the traffic
accident report which contains the data concerning the measurements and
relative locations of the physical evidence recorded at the accident
site. There are two basic procedures for acquiring this metric informa-
tion. These will be referred to as conventional and photographic methods.
Both of these methods are currently being used in varying degrees of
sophistication throughout the countries of the world.

Conventional methods are those procedures of recording measurements
which are associated with elementary surveying. The most common practice
within this method 18 the use of a measuring tape (Berling, 1970);
however, conventional methods also include the use of pacing, measuring
wheels, and rudimentary triangulation (Baker, 1975). Accident investiga-
tion procedures within the United States are almost exclusively confined
to the use of conventional methods for the acquisition of metric informa-
tion.

The second method is termed photographic because it involves the
use of photographs to supply the metric information necessary to prepare
the traffic accident diagrams. These photographs are unique in that
they have been taken with prior consideration given to the subsequent
photogrammetric analysis and, therefore, contain some type of reference

scale. There are two variations of the photographic method currently

being applied to traffic accident investigations. One is called

R ot 1 e e
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stereometric photography and the other referred to as perspective grid
photography.

Stereometric systems have been employed for the recording and anal-
ysis of traffic accidents by various European police agencies for some
40 years (Lillesand and Clapp, 1971). Sally (1964) reports that traffic
authorities in Switzerland could not imagine analyzing accidents without
such systems. The Federal Republic of Germany and Japan use stereometric
systems extensively and have even ocutfitted special investigation vans
with these cameras mounted through the roof, This investigative pro-
cedure is so popular in Japan that they now have a textbook for training
recruits in its uses and applications (Danko, 1979). This system,
according to Sally (1964), is also used in France, Italy, and Great
Britain. Within the United States, however, this author has no knowledge
of any accident investigation agency using stereometric systems.

Perspective grid photography is the other variation of the photo-
graphic method of recording accident related information. This varia-
tion has found application within the United States, but is has been
only recently applied on a routine basis, and only on a limited scale.
The Minnesota State Patrol began using this system in 1975 as a pilot
project for recording accident information in the Minneapolis-St. Paul
metropolitan area (Crawford, 1978). According to Sgt. Myron Lofgren
(telephone interview, Nov., 1979) of the Minnesota State Patrol's train-
ing center, this pilot project was a success and it is curreantly being
expanded into statewide utilization. The Minnesota State Patrol is the
only police agency known to this author that utilizes this photographic

method on an operational level. Crawford (1978) points out that,

A
Qax
R




6
although perspective grid photographic concepts are taught to those
investigators attending the Northwestern University Traffic Institute,
this instruction is limited to familiarization rather than operational
efficiency.

In assessing the current situation of recording traffic accident
metric information, there is a definite difference between methods
employed in Europe and those used in the United States. European
countries and Japan use photographic methods of the stereometric variety,
while the investigative agencies within the United States, with the

exception of the Minnesota State .Patrol, use conventional methods.

2. Comments on technology

According to Berling (1970), there are stereometric systems which
can give accurate measurements to within 5 cm (2 inches) at a distance
of 30 m (98 feet). This slight error drops off significantly as the
distance is decreased. These stereometric systems represent the most
sophisticated photographic process as applied to accident investigation
in use today.

The advancement of this technology comes from the European continent,
and was initiated (Berling, 1970) by traffic authorities desiring a more
efficient and reliable means of recording traffic accident information.
Chronologically, this advancement proceeded from the use of conventional
methods, through a series of photographic methods utilizing the concepts
of grid photography, to the eventual use of stereometric systems

(Berling, 1970).
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Photographic evidence recording with the stereometric systems began
in 1933 (Danko, 1979). Hence, over 45 years of documented records con-
cerning the technological aspects of this application are available. This
technology is readily available. However, those traffic authorities
contacted by this author were unaware of this system or its application

to traffic accident investigation.

3. Status of photogrammetric consulting

As previously defined, photographic methods require that some
consideration to a reference scale be given prior to the actual photog-
raphy, and that the method is used on an operational level. Photo-
grammetric consulting cannot be defined as a photographic method under
these considerations because it often involves the use of photography
not taken for documentation of metric information and normally occurs
only upon the request of a concerned party. This photogrammetric con-
sulting has, however, been used in connection with traffic accident
investigations in the United States and is, therefore, relevant to
considerations of photographic methods.

Dr. R. L. Hardy has given expert witness testimony on several
occasions concerning measurements from photographs (personal interview,

1979-1980). The Police Evidence Library (1965) documents three case

studies of photogrammetric consultation in which a photogrammetrist
is called upon to give expert witness testimony concerning measure-
ments and locations of objects within a photograph. This, at least,

indicates that there is some degree of demand for photographic analysis

of traffic accidents.
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This photogrammetric consulting is severely restricted in appli-

cation because the photographs are generally not taken with forethought

given to subsequent analysis. In the cases cited by the Police Evidence
Library and those which Dr. Hardy analyzed, the photographs contained
no reference scale nor was there any information concerning the lens
characteristics of the camera, camera position, or camera height. \
Because of this, the analysis of the photograph must be elementary and
less authoritative in comparison to analysis of a photograph which was
taken for photogrammetric purposes.

There is a lack of published material in regard to photogram-
metric consulting, even though there are a significant number of cases
for which photogrammetrists give expert witness testimony relating
to chance photography of an incident. This lack of published material
hurts in two ways. First, it does not let the traffic investigation

community realize the potential for photographic documentation, and,

second, it hinders the determination of the potential demand for
photographic recording methods.

In terms of photogrammetric consulting, this represents a deficiency
in data acquisition. The photographs are deficient in that they are not
taken for the professional purpose of data reduction (Police Evidence
Library). This deficiency manifests itself in the quality and quantity

of photogrammetric analysis.

o
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4, Misconceptions and misunderstandings
Photogrammetry and traffic accident investigation are separate,
distinct professions which have very little in common with one another.
Because of this, there is little interaction between the two fields and,

therefore, problems develop in the transfer of knowledge. This even-

tually causes misconceptions or misunderstandings.

Baker (1975) offers the following about the application of photo-
grammetry to the general procedure of accident investigation: "It
is true that by photogrammetry, maps can often be made from photos,
bu: this is a tedious and therefore expensive process. A specially
trained engineer may require days to make a scale diagram or map from
photographs'. This is a good example of a misconception offered by an
authority on traffic accident investigation. This statement may, in
fact, be true if the application is meant to mean the large scale pro-
duction of topographic maps covering many square miles. However, it is
certainly not true when considering a dozen or less photographs taken
of an accident site. Berling (1970) offers evidence in which a scaled
diagram of an intersection, showing crosswalks, meridian dividers, turn
arrows, roadside structures, skidmarks, and automobile locatioms,
required approximately four hours to prepare from photog;aphy that
required less than 20 minutes to obtain. Hardegen (1974) reports that

approximately 1-3 hours would be needed, debending upon the extent of

coverage, for the preparation of a scaled diagram of any accident site.

Misunderstandings of this magnitude greatly impair the promotion of

photographic methods.
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Baker (1975) also offers the following advise concerning the use

of photographs for accident information:

An investigator should think of photos only as a means of
recording what he has seen that he thinks is important; he
should avoid taking pictures as a substitute for observationms.
He should not expect to find in a picture what he failed to
note before he made the picture.

The subtle point seems to be that photographs only duplicate what the
investigator observes and, therefore, is a redundant procedure. It
certainly has the effect of discouraging photographic documentation of
the accident site. Sgt. Myron Lofgren, of the Minnesota State Patrol,
contends that investigators often overlook the iﬁportant observations
using conventional methods, but that they are documented when using
photographic methods. Offered in the same context, Hardegen (1974)
states that one of the advantages of a photogrammetric method is that
it is not subject to the unavoidable misreadings, misunderstandings,
and writing errors afflicting tape measurements, angular errors, or
errors and omissions of important details. In other words, photographs
often record observation failures.

Photogrammetric literature has made frequent reference to the use
and application of its science to that of traffic accident investigation.
Whenever this application is directed to potential use within the United
States, the tendency is to recommend the use of the most technical and
sophisticated systems available. Over 15 years ago, Sally (1964) pre-

sented a technically convincing argument for the use of stereometric
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systems, and concluded that these systems could be utilized to their
fullest extent for accident investigation. Since these systems are still
not being used in the United States, there must be some misunderstanding
by photogrammetrists. Ghosh (1979) points out that "...the working
photogrammetrist must keep in mind that decisions concerning the end
product of photogrammetry are often economic rather than technical",

Photogrammetrists are also quick to compare the successful use of
photographic methods used in Europe to the potential use of such methods
in the United States. These comparisons are not, however, extended to
include the organizational structure of the police forces. Within the
United States, Baker (1975) explains that programs for accident investi-
gation should be tailored for each department because the needs, re-
sources, and capabilities of police agencies differ significantly. This
is especially true between urban and rural departments. The extent of
these differences is obviously greater between departments in Europe
and the United States, if for no other reason than the size of the
countries involved. To date, photogrammetrists have recommended photo- :
graphic methods which imitate those used in Europe on purely technological
considerations. |

These misconceptions and misunderstandings seem to exist among both

photogrammetrists and accident investigators. Accident investigators

oo A e e s

perceive photogrammetry as being too technical and photogrammetrists, on

the other hand, recommend systems using the most technologically advanced

equipment and theory without economic considerations.
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B. Traffic Accident Investigation
E . "Praffic accident investigation...is mainly a matter of obtaining,
recording, refining, and interpreting information'", according to Baker

- (1975). An immediate distinction must be made between traffic accident

investigation as a process and as a procedure. As a process, the temm : j
is meant to include all types of investigation and can be brokemn down ; 1
into five levels of activity for which investigative procedures are

applied. According to Baker (1975), these levels of activity are

1) reporting, 2) at-scene investigation, 3) technical preparation,
4) professional reconstruction, and 5) cause analysis. The two investi-
gative procedures of concern to this thesis are those of levels two and
three. Reporting, professional reconstruction, and cause analysis

. involve procedures for identifying the accident, determining how the
accident happened, and determining why the accident happened, respec-
tively (Baker, 1975). The at-scene investigation involves investigative
procedures for data acquisition and the technical preparation level
includes analysis and organization of that data to include preparation
of diagrams. Because technical preparation is heavily dependent upon
the observations made during the at-scene investigation, it is this
investigative procedure of traffic accident investigation to which
attention is directed. '

According to Baker (1975), the at-scene investigation involves

. "examining and obtaining additional information at the scene which may

not be available later...", and that this information supplements the
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accident report. An accident report is prepared for every accident
investigated ; however, as the degree of severity increases, the prepara-
tion of this report becomes more involved. The additional or supple-

mental information will be in the form of photography and field notes of

. measurements (Baker, 1975). The preparation of this accident report is

an important part of the at-scene investigation.

The accident report is normally a standardized report requiring
the investigator to give a response to a wide variety of topics. Although
this report may vary in format and/or degree of preparation, it is
usually a highly organized form for recording the identifying and
descriptive data relating to the accident. Lillesand and Clapp (1971)
identified the following basic categories of data that would be recorded

at a reportable accident:

--location of the accident;

--identification of drivers and vehicles;
--details of damage, injuries, and fatalities;
--road characteristics, surface, and defects;
-~traffic control at location of accident;
--1light and weather conditions;

--driver violations;

-~driver and pedestrian action;

--physical condition of drivers and pedestrians;
--vehicle condition; and

-~diagram of accident circumstances.

It is this information which is then used for purposes of accident
reconstruction, cause analysis, and legal investigations. 1t is intui-
tive that an increase in accuracy, detail, and reliability of this

report would also improve the capabilities of the follow on process.

e s v T e et ket e 47
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It is a matter of conjecture whether the standardized accident

report improves or limits the data collection process. It has the

advantage of making sure information is recorded but tends to limit

the recording of anything not listed on the form (Baker, 1975). Measure-

ments are an example of this, As Baker (1975) explains, measurements

are often neglected or improperly recorded causing uncertain recollec-

tion and crude guesswork at some later time. This information is

directly related to the diagram of accident circumstances.

Data concerning measurements and relative locations of the physical

evidence are normally recorded on the accident diagram. The metric

information contained in this diagram may include measured evidence such

as skidmarks, holes, scattered debris, puddles of water, oil, or blood,

final location of vehicles, and location of injured personnel (Police

Evidence Library, 1965). This information must be measured and recorded

during the conduct of the at-scene investigation. If a measurement is

overlooked or improperly recorded, the accuracy and reliability of the

diagram are decreased.

This study directs its attention toward the development of the

accident diagram and those processes which rely on metric accident

information. This diagram is no more than a plan of the accident scene,

however, the degree of sophistication and the means of obtaining the

dimensional data for the construction of this diagram are not always ;

the same. This means the diagram may vary from a simple sketch showing

relative positions to an accurately prepared map utilizing survey

techniques.
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It is extremely desirable that these diagrams be as complete, :
accurate, and true to scale as possible. Berling (1970) states that
the more accurate and complete the surveying of the accident site, the
final position of the vehicles involved in the accident, and the entire

topography of the scene, the more reliable the assessment and the

statistical evaluation for collision investigation. However, as the

seriousness of the accident increases, so does the probability of an

error in the survey of the accident site or in the omission of a

measurement. Priority must be given to the immediate care and transport ;
of any injured personnel involved, the testimony taken of any witnesses

at the scene, and the return to free-flowing traffic established. Danko
(1979) contends that the officer "is expected to be a doctor, photographer,
psychiatrist, surveyor, minister, mechanic, assessor, coronmer, judge, and
a stenographer..." in addition to his duties as an investigator. Baker
(1975) also notes that the investigator must be able to discharge other
responsibilities, such as protection of life and property, which are

not investigative by nature. Berling (1970) states that the demand for

a fast, safe, and complete survey of an accident site without disturbance
of the traffic flow is actually a contradiction in itself.

At most accidents, the police investigator is required to make a
value judgment as to what is important enough to include in the diagram. '
He must first decide whether (Baker, 1975) the diagram is needed for
working purposes only, or whether it may be needed for display purposes,
such as in a courtroom. If it is needed for display purposes, the

| . amount of detail is increased (Baker, 1975). -9

k23
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It is evident that the accident diagram is a very important part
of the at-scene investigation procedure. 1ts development suffers and
is hindered by time constraints resulting from other responsibilities
and the need to decide which measurements are important. Accuracy,
reliability, and completeness of the diagram are, consequently, variable
with respect to individual accidents and investigators.

Fig. 1 is an edited example of an actual diagram extracted from a
traffic accident report. This figure represents the typical diagram
prepared for each accident and included in the accident report. Fig. 2
is an example of a supplemental diagram. These diagrams are generally
prepared when the severity of the accident warrants better quality and
greater quantity of measurements. This figure is also an actual diagram

extracted from a traffic accident report.

C. Photographic Applications

1. Photogrammetric interest
"Photogrammetry”, as offered by Ghosh (1979), "has been defined by

the American Society of Photogrammetry as, 'The art, science and tech-
nology of obtaining reliable information about physical objects, and

the environment through processes of recording, measuring and interpret-
ing photographic images and patterns of electromagnetic radiant energy
and other phenomena'". This definition includes such processes as the
recognition and interpretation of objects as well as processes involving
precise dimensional measurements to obtain direct information relating

to the size and shape of objects (Ghosh, 1979).

i adlandt ot ide. o




17

3x0dax
JUSPTOOR DTIFBII [BNIOP UP WOIJ Paqiidsueil fweaBeTp JuapToOR O13JBil ® Jo Idwexy ‘T 811

[*,3u9pFooR Lanfuy jeuosiad ® Buysned Ieal aY3 UT Z§ YONIIS PUV JUIMHUEGES

owes 2yl umop 3udm Inq do3s 03 paTII PUB IAIND IYI SSTW z Mes ‘7§ SUTMOTTOJ SeA oya ‘1g
‘jusumn{uequU?d 3Y3 JO WO3IJoq Y3 I® 93818 B IJY PUB JUIWUBQWS UB UMOP ,6.] PATIABII PUB IAIND
3yl pesstu ‘paads jo 931 YBTY B I® SUTTSABII IBD PBI] Y] SBM T§ °'G§ JO UOTIDISIIIUT IYI
3® peoy 9] UO PUNOQISIM 213M T4 ¥ I# SOIOIY9YA, :3i0del [EnIde WOIF PIGTIOSUBI] IATIRIIRN]

ILQ.CK e

Supcn gete [
oym ‘Paysng bvipang

{GINAGIVI Aveim RvuIVI@

—

-~ N N N7

B o 1. ie "




2«

Fig. 2.

18

RIvER BRIOGL

(7.4
~N
s/

Bassc
7/
AN

oy
11

RPLPL 25 |mwo
G733 of SeuTH ”;f:
[

END °F5ﬂ106£ L INE
AL |RP

A //% /37%

a8 Mé /11'7'

Y

£ 22824

£ 235 |/1928

c /8% 1%

4 175|398

POVEM ENT N\ 1OTH

23’

Example of supplemental diagram; transcribed from an actual

traffic accident supplemental report




19

Although the principal and best known application of the science

of photogrammetry is undoubtedly the use of aerial photographs in the

field of topographic map making (American Society of Photogrammetry,

1979), the science is generally concerned with any endeavor for which

As explained

measurements are required and which can be photographed.

by Karara (1972), photogrammetrists have attempted to apply their tech-

niques outside the field of topographic mapping since the early days

of photogrammetry, This lead to the concept of nontopographic photo-

grammetry.

Recently, nontopographic photogrammetry has become an umbrella

term for many diverse applications to different fields. Close-range

photogrammetry is the subdivision that links photogrammetry to traffic

accident investigation,

Close-range photogrammetry, as defined by Karara (1972), normally

implies that the distance from the camera to the object being photo-

graphed is less than 1000 feet (about 300 meters). It was the close-

range application of photogrammetric theory that led to the development

of the stereometric systems.

Nontopographic photogrammetry and its subdivision of close-range

are just beginning to come of age within the United States. This is

evidenced by the fact that the first text on the subject (Handbook of Non-

Topographic Photogrammetry) was published in 1979. It {s also an indica- \

tion of the desire of photogrammetrists to show that photogrammetric

applications can provide measurements to almost everything that can be

photographed.
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2. Stereometric systems

As previously noted, stereometric systems are used in several
countries in direct application to traffic accident investigations.
For this reason, a brief description of this system is offered for
familiarization purposes. As with other photographic processes, this
system consists of the data acquisition stage and the data reduction
stage.

Of primary concern in the data acquisition stage is the camera
used to take the photography. This system employs a stereometric camera.
As the name implies, this camera images a stereo pair of photographs
and is metric by definition. According to Karara (1972), metric is
used to identify cameras that have been designed and built for survey
purposes, as opposed to nonmetric cameras which have not. More details
on this subject are presented in III.A.

A stereometric camera is essentially two metric cameras (or
chambers) mounted on a bar of definite length. The camera axes are
parallel to each other and are perpendicular to the base or bar upon
which they are mounted. This arrangement is called the normal case of
photogrammetry (American Society of Photogrammetry, 1979), and, with
few exceptions, all stereometric cameras are limited to this orienta-
tion. Figs. 3a and 3b show examples of stereometric cameras.

These cameras were developed for work in close-range photogrammetry,

o

and, although they do not h#ve an adjustable focus, most of them do have

provisions for changing the principal distance which allows for focus

ranging. These cameras are designed to use glass plates for producing 4




Fig. 3a.

Fig. 3b.

An example of a stereometric camera. This is a Jenoptik
SMK 5.5/0808 with a fixed camera base length of 120 cm.
Several manufacturers offer systems like this ome. It
is the most common stereometric model used for traffic
accident investigation photography

Another type of a stereometric camera. This is also a
Jenoptik., This camera offers a variable base length

of 35 to 160 cm and an adjustable height post of between
0.6 and 2,1 meters
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the negatives, however, there are at least two manufacturers producing
models which will accommodate roll film.

There are numerous manufacturers of stereometric cameras producing
a wide variety of models. In most cases, the model of the camera must
be matched with the project, and it is this lack of versatility that is
a disadvantage of stereometric cameras. Prices for these cameras are
generally in the $4000-$6000 range.

Stereometric cameras are used to produce a stereopair of photographs.
These photographs can then be placed under a stereoscope or in a stereo-
plotter and viewed as a relief model in three dimensions.

The data reduction phase, according to the American Society of
Photogrammetry (1979), refers to those processes which convert informa-
tion obtained from photographs into maps or into a form of digital
representation. This is analogous to the photogrammetric analysis
stage as discussed earlier.

There are three alternative approaches toward data reduction which
depend to a large degree on the system used to acquire the photography
and the desired form of the final product. These are referred to as
analogue, analytical, and semi-analytical methods. According to the
American Society of Photogrammetry (1979), the analogue approach is
recommended when the final output is in the form of a contour map. ;

The analogue approach refers to the use of a stereoplotting machine
to graphically reconstruct a contoured plan view from a stereo-pair of

photographs. The diapositives (or negatives) are oriented in the stereo-

plotter in such a way that they correspond exactly to the orientation




24

They project a three

they had when the film was exposed in the camera.

dimensional image onto a tracing table from which an operator simply

This process is

needs to locate and record the lines of equal depth.

not extremely complicated, nor is it overly time-consuming. A plotter

operator can be sufficiently trained to become familiar with the pro-

cedure and instrument within two weeks (Berling, 1970).

There are many stereoplotting machines on the market today.

However, stereometric photography as a close-range application is not

compatible with those stereoplotters designed for the normal photogram-

metric application of topographic map making. As pointed out by the

American Society of Photogrammetry (1979), most stereoplotters are

designed for specific stereometric systems and may not accommodate

photography from cameras of different manufacturers. For these reasons,

care must be taken to assure a system compatibility between the camera

and stereoplotter.

A stereoplotter is a very expensive item. Prices will average

about $45,000.

Stereometric systems are important to the concept of applying

photographic procedures to traffic accident investigations because they

have been fairly well-documented. Most of this documentation, however,

comes from Europe.

Although stereometric coverage and its use (Danko,

1979) has been employed in Europe for over forty years in the recon-

struction of accident sites, this author is aware of only three articles

published in the United States concerning its potential use. Sally, in

1964, reviewed the European technique and recommended its use, especially
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in larger cities. Lillesand and Clapp, in 1971, actually used a stereo-

metric camera and stereoplotter and conducted field work in connection
with traffic accidents. They showed that the use of stereometric cam-
eras improved the quality of accident diagrams. Danko, in 1979,

also reviewed the practice of other countries and recommended

its use in the United States.

Bagsed on work in Europe and Japan, that of Lillesand and Clapp,
and analysis by U.S. authors, it can be stated that stereometric systems
offer important advantages over conventional techniques of traffic acci-
dent investigation.

The reliability and accuracy of stereometric procedures are superior
to the conventional methods of taping (Berling, 1970). Blunders, such
as misreading or misrecording, involving taped measurements are elimi-
nated (Hardegen, 1974). Also, any omission of a taped distance can be
quickly and accurately determined (Berling, 1970).

The photographs are totally unbiased and are complete in recording
the scene of the accident (Danko, 1979). Often, eye-witness testimony
of the accident consists of vague impressions or inaccurate recollec-
tions, or is biased to the point of falsehood (Police Evidence Library,
1965). Stereopairs can be viewed under a stereoscope and serve as a
three-dimensional aid in a courtroom (Berling, 1970). Even if the aceci-
dent site undergoes changes, the photographs can accurately show the
condition at the time of the accident (Hardegen, 1974).

Stereometric recording offers the distinct advantage of being able

to construct cross sections and profiles of the surrounding area. Slopes,
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banks, and gradients can have vital importance in accident reconstruc-

tion (Berling, 1970).

The stereometric operation represents a time savings in the restor-
ation of traffic flow. It requires less time to set up the camera,
establish some control points, and photograph the accident site than
it does to obtain the required measurements by tape (Hardegen, 1974).

Lillesand and Clapp (1971) concluded that '"the implementation of
stereometric camera systems can significantly improve the collection,
the accuracy, the preservation, and the presentation of metric accident

data".

3. Perspective grid photography
Perspective grid, according to Wolf (1974), 1is the name applied

to the representation on a photograph of the perspective view of a square
grid pattern on the ground. This concept is best illustrated by an
example. Suppose a picture is taken at some angle other than vertical
from an airplane over a section of flat terrain. Also suppose that
there are roads equally spaced and forming squares upon the terrain.
If, for example, the road directions were north-south and east-west
and the picture was taken with the camera pointing north, then all
north-south roads would appear to converge (vanish) at a common point
(Wolf, 1974). The squares formed by the roads would appear on the
photograph as a pattern of quadrilateral grids,

There is more than one way to employ the concepts of perspective
grid in its utilization toward map or diagram compilation. One way is

to attach a glass plate with & grid system to the camera. As Berling
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(1970) points out, this method is rather limited in its application since
it requires the camera to have a fixed focus and the grid must be pre-
calibrated to a certain height above ground and correspond to a certain
camera axis orientation.

A second application is found in work done by photogrammetrists in
the planimetric mapping from oblique aerial photographs. It is often
called the Canadian Grid method in this application as it was used
(Wolf, 1974) extensively for planimetric mapping of Canada's flat wilder-
ness area. In this application, the photogrammetrist makes use of high
quality cameras designed for survey work. Then, as Wolf (1974) indicates,
if the flying height of the plane, the focal length of the camera, and
the depression angle from vertical of the camera are known, a perspective
grid can be prepared. This grid pattern is developed from geometric and
trigonometric relationships.

The third application involves the use of a template which is placed
in the image area prior to photography. This application is taught at
the Northwestern Universitvaraffic Institute and is the photographic
system which was recently put into practice by the Minmnesota State Patrol.
It is this application which is examined herein and further reference |
to perspective grid will be made with this application in mind.

As defined by Baker (1975), a perspective grid template is a square
or rectangle of known size placed on a flat surface so as to appear in
a photograph as a basis for locating marks or points which also show in

the photograph of the surface. With this perspective grid template in

the photograph, the entire photograph can then be divided into segments “é
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of known dimension. Referring to the previous example, this is essen-
tially the same as having only one square of the road network, photo-
graphing the area, and then extending the network on the photograph with
sets of parallel lines in perspective projection.

Once the series of photographs are divided into segments, a diagram
of any scale can be constructed by simply measuring the lengths and
widths of the data contained in the photographs and transposing them
to the diagrams.

There is one major distinction between this avplication and the
first two. The camera used in this application is generally a nonmetric
camera while the other applications use cameras designed for survey
purposes (metric cameras).

This application has been used in connection with traffic accident
investigations, but only on a very limited scale. This author is aware
of only one published article concerning its use on an operational level.
According to Crawford (1978), the strongest argument for the use of
perspective grid photography in accident investigations is its simplicity.
Also, many of the same benefits as applied to the stereometric techniques
have been achieved by the Minnesota State Patrol with their use of per-
spective grid photography. According to Crawford (1978), these include
a decrease in investigation-related trooper injuries, a drop in the
average on-scene time per accident, an increase in the ability to investi-
gate all accidents in detail, and a permanency of record. It is the

contention of Crawford (1978) that the use of this method has signifi-

cantly increased the quality of accident investigations.
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The only serious disadvantage of this method is that only two dimen-
sional measurements can be taken and the terrain needs to be relatively
flat. This system, by itself, is not useful for determining heights of
objects, slopes of embankments, or depths of ditches. According to
Sgt. Myron Lofgren of the Minnesota State Patrol (telephone interview,

1979), these problems had not yet surfaced in their day-to-day operation.

D. Photographic Systems and the Judicial Process

As suggested by the Police Evidence Library (1965), photogramme-
trists have often been called upon to give expert witness testimony in
a court of law. In order to apply his expertise, however, it must be
established that the photographs are true and reliable representations
of the scene. Since the photogrammetrist, in all probability, did not
take the picture, he cannot be expected to do this. According to Quinn
(1979), courts have stated that it is not sufficient for a photographer
to merely say he has taken the photographs; he must identify the subject
and testify that it represents the area. If there are elements of
authentication missing between the time the picture is taken and when
it is admitted into court, the credibility, and hence the admissibility,
of the photograph are subject to doubt. The photogrammetrist, according
to the Police Evidence Library (1965), will generally only give testi-
mony as to the photogrammetric analysis and leave the credibility and
admissibility of the photograph to some other authority.

Baker (1975) states that there is less suspicion of photographs
than there used to be, especially those dealing with traffic accidents.

On the other hand, suspicion still exists and, according to Quinn (1979),

S
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we must appreciate that many trial judges and lawyers are aware of the

possibility of “trick” photographs being presented to them. Traffic

accident investigators are aware of this, and are taught to establish
a continuity of custody whenever they make a photograph.
The stereometric systems employed in Europe (Hardegen, 1974) and
the perspective grid method used by the Minnesota State Patrol (Crawford,

1978) are common in that the chain of custody of the photographs falls

within the jurisdiction of the traffic authorities. In terms of admissi-

bility of the photographic evidence, neither Europe nor Minnesota has

encountered any difficulcties. In fact, according to Lillesand and Clapp

(1971), "it can be said that the 40 years of favorable judicial experi-
ence with the stereometric process has resulted in unquestioned court
admissibility of stereometric evidence in European courts" (emphasis
added). 8gt. Lofgren (telephone interview, 15 Nov. 1979) confirmed

that the Minnesota courts have maintained the admissibility of their

perspective grid product.

In connection with the judicial process, an advantage of accident

information obtained from a photographic process is that it is objec-
tive by nature (Berling, 1970). This is contrasted to eye-witness

testimony which is subjective evidence. The problem with eye-witness

testimony, according to the Police Evidence Library (1965), is that it

often consists of vague or inaccurate recollections, "or is biased to

the point of falsehood”. The importance of this objective evidence

in one European country is underscored by Sally (1964) in quoting a

letter from the Police Department of the City of Basel in Switzerland
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which states that the "...courts base their decision fully on the

photogrammetric evaluation of the pictures taken".
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I11. DEVELOPMENT OF THE SIMPLE PHOTOGRAPHIC SYSTEM
A. Data Acquisition Stage

1. Camera selection

As previously noted, the concepts of perspective grid photography
have been used with metric and nonmetric cameras. The decision was made
to use a nonmetric camera despite the statement offered by van Wijk and
Ziemann (1976) that "It would...not be practical to use non-metric
cameras in routine, close-range applications such as...the recording
of traffic accidents in which many different sites and camera statioms
are involved”. Again, it appearéd that this statement was offered in
the context of analytical photogrammetry with emphasis on high precision
technology rather than simple methods offering moderate accuracy and
precision with economic advantages.

The use of nonmetric cameras, as opposed to metric cameras, for
photogrammetric purposes has the following 