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THREE-DIMENSIONAL MEASURING METHODS: 

A REVIEW OF THE TECHNOLOGY AND THE DEVELOPMENT OF A METHOD 

FOR MEASURING THE HUMAN BODY 

by 

Kaye Ann Wender 

(ABSTRACT) 

The type of measurements that can be used to describe the body are 

dependent upon the measuring instruments used. Traditionally, the body 

has been measured with a tape measure, calipers and, an anthropometer. 

These instruments, however, provide only two-dimensional measurements. 

Two-dimensional measurements specify a magnitude of the body that is 

located within a single plane. Unless the relationship between these 

measurements can be specified, very little information is conveyed which 

describes a three-dimensional form. 

Advances in technology have provided instruments and methods which 

provide precise three-dimensional measurements. These three-dimensional 

measuring systems were investigated as a means of measuring the human 

body. 

The purpose of this study was to identify a means of defining and 

specifying an average three-dimensional human form from any given sample 

of human bodies. Existing measurement methods were first identified and 

analyzed for the feasibility of their use to complete this study. 

Because an economical and completely developed method which provided 

detailed and comprehensive information about the body was desired, the



development of a new method was undertaken. 

The method which was developed did not provide accurate 

information. Further refinements of this method may yield better 

results in the future. However, it may be more advantageous to pursue 

the further development of an existing method of three-dimensional 

measurement.
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INTRODUCTION 

Background of the Problem 

Consumers and clothing professionals agree that purchasing ready-to- 

wear clothing which fits properly is a difficult and sometimes 

impossible task. Consumers consistently list the fit of clothing as a 

major source of dissatisfaction (Sieben, 1988). Even when consumers are 

moderately satisfied with the availability of clothing in their size 

range they are not satisfied with the search process required to find 

clothing which fits (LaBat, 1987). Career women rank the fit of 

clothing as one of the most important factors influencing their 

purchases (Hagan, 1988). The annual losses due to garment return 

because of poor fit in 1978 were estimated at $175 million for one 

retailer alone (Owings, Schneider, & Snyder, 1978). The problem of 

clothing which fits poorly is frustrating and expensive for consumers 

and retailers alike. 

Clothing manufacturers have several alternatives in designing 

garments. A garment pattern may be designed by using a flat pattern 

method which utilizes either a sloper or drafting techniques, or by 

draping. Regardless of which method is used, at some point in the 

process the garment must be placed on a body or body substitute 

{(manikin) in order to determine the correct fit. It is possible to use 

live fitter’s models for this process, but at a cost of $120/hour 

(personal correspondence, Tatiana's Models & Fitters, 1989) it is not 

economically feasible to do all the necessary fitting in this way. At 

this rate a manikin can pay for itself with five hours of use. It is



also not always possible to find a model with the exact measurements 

desired or one that will maintain those measurements for the entire time 

period of use. Therefore, it is most common for a workroom manikin to 

be used for fitting purposes. Manikins are also easier to use than a 

real body because they are marked with the reference lines required in 

garment design such as the center front and back lines, shoulder lines, 

waistlines, and princess lines and because pins can be inserted into 

their surfaces. 

Problems occur, however, when the form which is used is inaccurate 

in the manner in which it replicates the human body. When the form 

conforms to the body's size and shape in only some respects the clothing 

which is fit upon it will require further alterations when placed on an 

actual body. Researchers in the clothing field are becoming 

increasingly aware of the link between clothing which has been fitted 

upon the manikin and problems in the fit of ready-to-wear. 

Hutchinson and Munden (1978a) compared two British workroom manikins 

with live subjects and found differences, especially in the shoulder 

area. These differences were large enough to produce serious fitting 

problems. The shoulder area is of critical importance in fitting a 

garment. Most garments, however loosely they fit the bedy, are 

suspended from the shoulders. "If a clothier could rely on being able 

to produce garments which fitted the figure perfectly between the neck 

and a horizontal line encircling the figure at depth of scye height, his 

main difficulties regarding fit would be overcome" (Hutchinson and 

Munden, 1978a, p. 70). The fact that this particular area of the 

manikin is incorrect in its representation of the human body is cause



for concern. 

Heisey, Brown and Johnson's (1988) research on three-dimensional 

pattern drafting refers to the problems in fit which can occur by using 

a form "...that is correct in its major circumferences and lengths but 

not in the precise spatial relationship between circumferences" (p. 5). 

A Clothing and Textiles professor at Virginia Polytechnic Institute and 

State University experienced this very problem while working with a 

major catalog company. Manikins that were ordered to duplicate the 

company's fitting models were accurate in the girth and length 

measurements but incorrect in the location and shape of contours. The 

position of the shoulders was also inaccurate (J. Boles, personal 

communication, January, 1988). 

There are only a few companies that produce the type of manikin used 

by the garment industry. Of these, only two are major suppliers to the 

industry. Both have been in business since the beginning of the 

century. When commenting about their forms one manufacturer assures us 

that “the same technique is used today as when they were first made at 

the turn of the century” (Montalto, personal correspondence, May, 1988). 

The catalog produced by the other claims that “Your every measurement 

and contour will be incorporated in an exact replica of your form” 

(Wolfe, no date available). 

It is interesting to note that even though the dimensions of the 

manikins do change over the years (see Table 1 for dimensions of size 10 

manikins from 1954 to 1988) these changes are not a reflection of actual 

changes in the body shape of the population but instead are due to 

changes in fashion. Fashion follows social changes and reflects the



  

Table 1. 

  

  

    

  

Measurements of Size 10 Wolfe forms 

Year Bust Waist g" Hips Front Length Back Length 

1954 35 25-174 34-1/2 13-7/8 . 16-178 

1960 34-1/8 24-3/4 34-1/2 13-7/8 15-3/4 

1972 35-3/8 24-3/4 36 14-1/8 16-1/8 

1976 34-1/4 25-1/8 36 14-1/8 16-1/4 

1988 35-5/8 26-1/8 36-3/4 14-1/2 17 

Note 
  

Measurements are in inches.



dominant ideals of a culture ‘(Horn & Gurel, 1981). Some fashions 

require a re-molding of the body which is usually accomplished with 

some type of undergarment. As fashion allowed girdles to become less 

common and bras less restrictive the manikin was remolded accordingly. 

When waists are designed smaller or shoulders broader the manikins are 

changed to accommodate the _ trend. The tight bodices that the 

influential St. Laurent brought back in the late 1970s demanded the 

production of a new manikin by a British "stand" manufacturer (Rhodes, 

1977). Fashion designers interpret the current cultural ideals which 

in turn dictate the “ideal" body for women who are to wear the current 

styles. It is then left up to women to conform to this ideal. 

This focus on the ideal figure instead of the real figure has had 

negative effects on women. As well as influencing the fashion and fit 

of their clothing it leads them to believe that it is not the clothing 

that does not fit their bodies but their bodies that do not fit the 

clothing. They have come to believe that they are the problem As the 

ideal body changes over time, so does a woman's image of her own body. 

During the 1950's this self-image was best paraphrased by Jourard and 

Secord (1955), “It is good to be smaller than you are in all dimensions 

except bust" (p. 246). The current concept of the ideal body is 

reflected in the results of a 1988 Gallup Organization poll. The poll 

reported that the current American woman wants to be taller, weigh less 

and wear a size 8. Forty percent also want a more muscular body 

(American Health Magazine, 1988). 

The body is most often described in terms of its two-dimensional 

qualities. Anthropometric measurements and garment specifications are



written using two-dimensional information. 

Attempts made to more completely specify the form of the body have 

usually only been to increase the number of two-dimensional measurements 

taken on each body. Even a large number of two-dimensional measures 

requires considerable interpolation to actually reconstruct the three- 

dimensional form of a body. Specifying the relationship between two- 

dimensional data is necessary in order to convey information about 4 

three-dimensional form. 

The body is a three-dimensional form. It would appear that the 

major problem with the present workroom manikin is the result of a 

failure to consider the relationships between various two-dimensional 

measurements of the body. A method of measuring the body in all three 

dimensions is necessary. This research will attempt to identify a means 

of measuring the body with three-dimensional information which will give 

not only the usual anthropometric data but also the relationships 

between these two-dimensional measurements. 

The task of fitting a population of women with greatly varying 

bodies is not an easy one. The inaccuracies of the workroom manikin 

make this task even more difficult when the manikin is used as a fitting 

device. In the Apparel Research and Development Laboratory (R & D Lab) 

of Virginia Tech efforts are underway to solve part of this problem by 

re-designing the workroom manikin so that it is a better representation 

of the human body. The current research is a part of a larger research 

project (manikin project) conducted by the R & D Lab. The focus of this 

initial project will be on identifying a method to describe the 

dimensions and contours of a female body in three dimensions. This



method will then be used with a large sample of women of a particular 

size range so that information can be gathered from which a 

representative manikin can be constructed. Later implementation of this 

research may use samples comprised of different sizes as well as with 

either sex and varying age groups. 

After a method has been established to specify the three-dimensional 

size, shape and form of each particular body in the sample, a means of 

analysis will be determined to quantitatively compare specific areas of 

the body of all members of the sample in order to determine the 

specifications of the average body contours of the sample group. 

Statement of the Problem 

The purpose of this research is to identify a means of defining and 

specifying an average three-dimensional human form from any given sample 

of human bodies. | 

The Subproblems 

1. The first subproblem is to identify existing methods of three- 

dimensional measurement. 

2. The second subproblem is to determine the criteria which govern 

the solution to this problem. 

3. The third subproblem is to develop and pre-test a _ three- 

dimensional measuring method based on the established criteria.



Assumptions 

The assumption made in this study is that the availability of a 

three-dimensional measuring method would provide the means. of 

establishing a data base to describe a given population with more 

comprehensive information. This information could be used by the 

garment industry, manufacturers of workroom manikins, and others in 

order to provide improved sizing for clothing. 

Operational Definitions 

workroom manikin - a three dimensional form manufactured in different 

sizes to represent the human body, used for fitting garments. Most 

workroom manikins are made on a metal frame covered by a padded 

material with a canvas-like cover. Forms extend from the neck to 

either mid-thigh or with full length bifurcated legs; forms are 

truncated at the armscye line although separate arms may be 

attached. 

size - the spatial magnitude of a body measured either as a circum- 

ference or as the distance between two points. 

shape - the flat boundary of an object identified in two dimensions, 

usually length and width and contained in one plane. In the 

Cartesian Coordinate system this would be represented by x and y 

coordinates. 

form - the boundary of an object identified in three dimensions, usually 

length, width and depth which encompasses at least two planes. In 

the Cartesian Coordinate system this would be represented by x, y 

and, z coordinates.



anthropometric measurements - measurements taken on the human body with 

a caliper, anthropometer, or tape measure from an identifiable 

landmark or endpoint to another or taken circumferentially. 

body landmarks - specific anatomical points located on the body which 

are based on the boney projections of the underlying skeleton. 

sagittal plane - the imaginary plane passing vertically through the body 

dividing it into right and left halves. The anteroposterior median 

plane of the body or a plane parallel to the median. 

anthropometer - a measuring device with horizontal arms which stands on 

the floor and measures vertical distances of the body. 

2-D measures - measurements taken in only one plane including lengths, 

widths and, girths. 

3-D measures ~ measurements that may be made between points which have 

been located on two planes and specified by x, y and, 2 

coordinates. 

“average body - the body representing the composite of mathematical means 

of body measurements of the sample for each area of the body which 

is analyzed. 

diffuse object - an object (such as the human body) which does not have 

easily identifiable edges or sides.



REVIEW OF LITERATURE 

The majority of ready-to-wear manufacturers use workroom manikins 

when designing and inspecting garments (Hutchinson & Munden, 1978a, 

Boles, personal correspondence, January, 1988). The continued use of 

these forms for pattern-making and garment inspection makes it 

imperative that the workroom manikin be a close representation of the 

human body. Each manikin must reflect the dimensions, contours, and 

posture that are most representative of a group which is defined by a 

particular size range. Ideally, new standardized sizes should then be 

adopted which reflect these actual contours and dimensions. 

Hutchinson & Munden (1978a) conducted a study of the size, shape, 

and stance of 44 women using three-dimensional measurements and compared 

the data to that of two workroom manikins. They divided the women in 

their sample into three age groups for analysis. Their study showed 

some significant differences between the shapes of the manikins and that 

of the women. 

Special adjustable protractors were used to measure the angle of 

shoulder depression and the forward angle of the shoulder (see Figure 1, 

a & b). The angle of shoulder depression or shoulder slope (the angle 

that the line along the shoulder makes with the horizontal) of the 

manikin was found to be inaccurate when compared to the shoulder slope 

of the sample. The Hutchinson & Munden survey found that this angle 

measured between 19-25 degrees for all subjects (n = 44). One of the 

manikins measured was approximately equal to this average (angle = 21°). 

The other manikin, however, had a shoulder slope of 24 degrees. This 

angle was greater than all but three of the subjects measured and was 3 

10
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a) Angle of shoulder depression 

(shoulder angle) 

  

b) Forward angle of shoulder       
Figure 1. Angles measured in Hutchinson & Munden survey 

Note. From "The geometrical requirements of patterns for women's 

garments to achieve satisfactory fit'' Part I by R. Hutchinson and 
D.L. Munden, 1978a, Clothing Research Journal, 6. 
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degrees greater than the average of all subjects. Although the British 

Joint Clothing Council ‘cited in Hutchinson & Munden, 1978a) had 

previously conducted a large-scale survey (published in 1957) with a 

sample of 5,000 women which included this measurement, this information 

was not reflected in the shape of the manikins. 

The forward angle of the shoulder of the manikin also was not 

representative of the Hutchinson & Munden sample. While the Hutchinson 

and Munden sample measured between 9-16 degrees this angle on the 

manikin measured only 2-4 degrees. The researchers concluded that these 

Significant differences were enough to affect the fit of clothing for 

the average woman. 

Measurements taken on the sample across the back in the horizontal 

plane indicated an increase in curvature with increasing age. Although 

one of the stands was similar in curvature to the younger groups the 

other stand was much flatter than any of the three age groups. Other 

differences were also noted such as the stands being greater in 

measurements of back width and length than the human subjects. 

"Often consumers encounter fit difficulties in specific locations 

within garments" (Sieben, 1988, p. 50). When consistent fit problems. 

are identified the question of whether the garment was fitted on a live 

model or a workroom manikin needs to be considered. 

Analyzing the Human Body 

Whole sciences have been built on analyzing specific aspects of the 

body due to its appearance, functions, or its interaction with the 

environment. Only those areas which relate to the surface of the body
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will be examined in this review. "...the human body seems to have an 

inordinate number of irregularly curved and angular depressions and 

projections, as well as an assortment of appendages, all of which tend 

to impede a straightforward design solution" (Annis, 1978). 

The body can be analyzed either subjectively or objectively. 

Studies of the human body began as either objective two-dimensional 

analyses or subjective analyses. Measurements were taken on the body 

first by physically contacting the body (direct measurements) and then 

through the development of non-contact measurement systems (indirect 

measurements). These types of analyses became increasingly refined and 

led the way to objective three-dimensional analysis of the body form. 

Contact Two-Dimensional Analysis 

Anthropometric Studies 

Most available data which objectively describe the human body are 

the result of anthropometric surveys. Traditional anthropometry 

involves gathering body measurements by directly observing and 

contacting the human body. Anthropometry is derived from the Greek 

"anthropos" (man) and “metrein” (to measure). Landmarks based on the 

boney projections of the underlying skeleton are usually marked on the 

body as repeatable reference points (see Figure 2). Primary dimensions, 

such as major girths, are then measured using these reference landmarks. 

Traditionally, anthropometric studies have been done with a steel 

tape, an anthropometer, and calipers (see Figure 3). The steel tape is 

used to measure body circumferences, the anthropometer for all linear 

dimensions, both vertical and horizontal, and the calipers for spanning 

width and depth measurements.
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Figure 2. Location of commonly used anatomical landmarks 

Note. From "Biostereometric study of a sample of 50 young adults" 

by R. Mollard, M. Sauvignon and, J.C. Pineau, 1982, Proceedings of 

SPIE-The International Society for Optical Engineering, 361, p. 236. 

(Reprinted with permission)
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  QB) 

(1) 

(4) 

Figure 3, Classical anthropometric instruments 

1. Anthropometer 3. Spreading calipers 

2. Straight calipers 4, Tape 

Note. From Engineering Physiology (p. 10) by K.H.E. Kroemer, H.J. 

Kroemer, K.E, Kroemer-Elbert, 1986, Amsterdam: Elsevier Press. 

(Reprinted with permission)
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Each anthropometric study is based on the needs of its user and 

seldom exactly duplicates another in the list of which dimensions are 

considered essential. The variables to be measured not only vary but 

most often grow in number. The 1942 Army Air Force study used 55 

measurements; in the 1950 Air Force study the number had grown to 132 

and in 1967 the number had reached 190 (McConville & Laubach, 1978). 

Not only do the specific measurements taken vary from study to study 

but there are often subtle differences in techniques used regarding 

Placement of landmarks and measuring practices. Even though the 

variation in measurement data produced by these differences may be so 

slight to be of little significance, it is best to have an awareness 

that such conditions exist (McConville & Laubach, 1978). 

Many of the first large-scale anthropometric studies were conducted 

to satisfy the military's need for data in order to clothe and equip 

large numbers of men. The military is still the foremost source of 

anthropometric data for this same reason. The data base describing the 

military population is substantially larger than that of the civilian 

population. 

As the ready-to-wear industry grew this same type of data became 

necessary to describe the civilian population. In response to this 

need, the United States Department of Agriculture undertook a large- 

scale comprehensive survey of American women in 1939. The results of 

this study, published in 1940, reflect 55 measurements taken on each 

person in a sample of 10,042 women. The data were analyzed to determine 

sizing ranges in an effort to improve garment and pattern fit. A 

manikin which represented each size range was set as a goal of the study
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�g�i�r�t�h�.� �T�h�e� �m�o�s�t� �h�i�g�h�l�y� �c�o�r�r�e�l�a�t�e�d� �m�e�a�s�u�r�e�m�e�n�t�s� �i�n� �t�h�i�s� �s�t�u�d�y� �w�e�r�e� 

�h�e�i�g�h�t� �a�n�d� �w�e�i�g�h�t�.� �T�h�e� �s�t�u�d�y� �r�e�s�u�l�t�e�d� �i�n� �t�h�e� �c�o�m�p�i�l�a�t�i�o�n� �o�f� �a� 

�s�u�b�s�t�a�n�t�i�a�l� �d�a�t�a� �b�a�s�e� �r�e�p�r�e�s�e�n�t�i�n�g� �C�a�u�c�a�s�i�a�n� �A�m�e�r�i�c�a�n� �w�o�m�e�n�.� 

�T�h�e� �N�a�t�i�o�n�a�l� �A�e�r�o�n�a�u�t�i�c�s� �a�n�d� �S�p�a�c�e� �A�d�m�i�n�i�s�t�r�a�t�i�o�n� �(�N�A�S�A�,� �1�9�7�8�)� �h�a�s� 

�c�o�m�p�i�l�e�d� �a� �c�o�m�p�r�e�h�e�n�s�i�v�e� �c�o�l�l�e�c�t�i�o�n� �o�f� �a�n�t�h�r�o�p�o�m�e�t�r�i�c� �s�t�u�d�i�e�s�,� �b�o�t�h� 

�m�i�l�i�t�a�r�y� �a�n�d� �c�i�v�i�l�i�a�n�.� �T�h�e� �s�t�u�d�i�e�s� �w�h�i�c�h� �a�r�e� �i�n�c�l�u�d�e�d� �i�n� �t�h�e� �N�A�S�A� 

�c�o�l�l�e�c�t�i�o�n� �w�e�r�e� �c�o�n�d�u�c�t�e�d� �b�e�t�w�e�e�n� �1�9�3�9�-�1�9�7�4�.� �A�t� �l�e�a�s�t� �t�w�e�n�t�y� �f�o�c�u�s� 

�s�o�l�e�l�y� �o�n� �w�o�m�e�n� �w�i�t�h� �s�a�m�p�l�e� �s�i�z�e�s� �r�a�n�g�i�n�g� �f�r�o�m� �7�5�-�1�0�,�0�4�2� �a�n�d� �a�g�e�s� 

�r�a�n�g�i�n�g� �f�r�o�m� �1�7�-�7�9�.� �D�a�t�a� �a�r�e� �i�n�c�l�u�d�e�d� �f�r�o�m� �e�v�e�r�y� �p�o�p�u�l�a�t�e�d� �c�o�n�t�i�n�e�n�t� �i�n� 

�t�h�e� �w�o�r�l�d�.� 

�D�u�r�i�n�g� �t�h�e� �1�9�5�0�s� �t�h�e�r�e� �w�a�s� �a� �s�u�r�g�e� �o�f� �a�c�t�i�v�i�t�y� �a�m�o�n�g� 

�a�n�t�h�r�o�p�o�l�o�g�i�s�t�s�.� �I�t� �w�a�s� �c�o�m�m�o�n� �f�o�r� �e�a�c�h� �a�n�t�h�r�o�p�o�l�o�g�i�s�t� �p�u�r�s�u�i�n�g� �h�i�s�/�h�e�r� 

�o�w�n� �p�a�r�t�i�c�u�l�a�r� �a�p�p�r�o�a�c�h� �t�o� �t�h�e� �s�t�u�d�y� �o�f� �a�n�t�h�r�o�p�o�m�e�t�r�y� �t�o� �i�n�v�e�n�t� �h�i�s�/�h�e�r� 

�o�w�n� �n�e�w� �m�e�a�s�u�r�i�n�g� �i�n�s�t�r�u�m�e�n�t�.� �T�h�i�s� �a�r�r�a�y�,� �h�o�w�e�v�e�r�,� �h�a�s� �b�e�e�n� �r�e�d�u�c�e�d� �t�o� 

�a� �m�i�n�i�m�u�m� �f�o�r� �p�r�a�c�t�i�c�a�l� �f�i�e�l�d� �w�o�r�k�.� �M�o�s�t� �l�a�r�g�e�-�s�c�a�l�e� �s�t�u�d�i�e�s� �h�a�v�e� �b�e�e�n� 

�c�o�n�d�u�c�t�e�d� �w�i�t�h� �t�h�e� �b�a�s�i�c�s� �o�f� �a� �t�a�p�e� �m�e�a�s�u�r�e�,� �a�n� �a�n�t�h�r�o�p�o�m�e�t�e�r�,� �a�n�d� �a� �f�e�w� 

�c�a�l�i�p�e�r�s� �(�J�u�r�g�e�n�s�,� �1�9�8�0�)�.� 

�A�d�v�a�n�c�e�s� �i�n� �c�o�m�p�u�t�e�r� �t�e�c�h�n�o�l�o�g�y� �h�a�v�e� �l�e�d� �t�o� �a�u�t�o�m�a�t�i�o�n� �i�n� �t�h�e� 

�p�r�o�c�e�s�s� �o�f� �c�o�l�l�e�c�t�i�n�g� �a�n�t�h�r�o�p�o�m�e�t�r�i�c� �d�a�t�a�.� �A�n� �a�u�t�o�m�a�t�e�d� �s�y�s�t�e�m� 

�d�e�v�e�l�o�p�e�d� �a�t� �t�h�e� �U�n�i�v�e�r�s�i�t�y� �o�f� �M�i�c�h�i�g�a�n� �h�a�s� �b�e�e�n� �u�s�e�d� �i�n� �t�w�o� �n�a�t�i�o�n�a�l� 

�a�n�t�h�r�o�p�o�m�e�t�r�i�c� �s�t�u�d�i�e�s�.� �T�h�e� �s�y�s�t�e�m� �p�r�o�v�i�d�e�s� �e�l�e�c�t�r�i�c�a�l� �r�e�a�d�o�u�t� �o�f� 

�a�n�t�h�o�p�o�m�e�t�r�i�c� �d�a�t�a�.� �P�r�e�s�s�u�r�e� �s�e�n�s�o�r�s� �a�r�e� �u�s�e�d� �i�n� �m�e�a�s�u�r�i�n�g� �s�o�f�t� �t�i�s�s�u�e� 

�a�r�e�a�s� �o�f� �t�h�e� �b�o�d�y�.� �T�h�e� �d�a�t�a� �a�r�e� �f�e�d� �i�n�t�o� �a� �c�o�m�p�u�t�e�r� �s�y�s�t�e�m� �f�o�r� �s�t�o�r�a�g�e�.



�1�8� 

�T�h�e� �a�d�v�a�n�t�a�g�e�s� �o�f� �a�u�t�o�m�a�t�i�n�g� �a�n�t�h�r�o�p�o�m�e�t�r�i�c� �m�e�a�s�u�r�i�n�g� �a�r�e� �s�i�g�n�i�f�i�c�a�n�t�.� 

�M�e�a�s�u�r�e�m�e�n�t� �a�n�d� �r�e�c�o�r�d�i�n�g� �e�r�r�o�r�s� �a�r�e� �m�i�n�i�m�i�z�e�d� �o�r� �e�l�i�m�i�n�a�t�e�d�.� �D�a�t�a� 

�d�e�s�c�r�i�b�i�n�g� �t�h�e� �m�e�a�s�u�r�e�m�e�n�t�s� �o�f� �a� �p�o�p�u�l�a�t�i�o�n� �a�r�e� �e�a�s�i�l�y� �s�t�o�r�e�d�,� �r�e�d�u�c�e�d�,� 

�a�n�d� �a�n�a�l�y�z�e�d� �(�S�n�y�d�e�r�,� �1�9�8�0�)�.� 

�N�o�n�-�C�o�n�t�a�c�t� �T�w�o�-�D�i�m�e�n�s�i�o�n�a�l� �A�n�a�l�y�s�i�s� 

�N�o�n�-�c�o�n�t�a�c�t� �b�o�d�y� �a�n�a�l�y�s�i�s� �f�i�r�s�t� �b�e�c�a�m�e� �p�o�s�s�i�b�l�e� �b�y� �t�h�e� �u�s�e� �o�f� 

�p�h�o�t� �o�g�r�a�p�h�y�.� �S�h�e�l�d�o�n� �e�s�t�a�b�l�i�s�h�e�d� �a� �c�a�t�e�g�o�r�i�z�i�n�g� �s�y�s�t�e�m� �o�f� �t�h�r�e�e� �b�o�d�y� 

�t�y�p�e�s� �b�a�s�e�d� �o�n� �t�h�e� �p�r�o�p�o�r�t�i�o�n�s� �o�f� �m�a�l�e� �b�o�d�i�e�s� �(�S�h�e�l�d�o�n�,� �S�t�e�v�e�n�s�,� �&� 

�T�u�c�k�e�r�,� �1�9�4�0�)�.� �T�h�e�s�e� �c�a�t�e�g�o�r�i�e�s�,� �r�e�f�e�r�r�e�d� �t�o� �a�s� �s�o�m�a�t�o�t�y�p�e�s�,� �f�r�o�m� �t�h�e� 

�G�r�e�e�k� �s�o�m�a� �(�b�o�d�y�)�,� �w�e�r�e� �o�r�i�g�i�n�a�l�l�y� �b�a�s�e�d� �o�n� �i�n�t�u�i�t�i�v�e� �a�s�s�e�s�s�m�e�n�t�,� 

�a�l�t�h�o�u�g�h� �i�n� �l�a�t�e�r� �d�e�v�e�l�o�p�m�e�n�t�s� �o�f� �S�h�e�l�d�o�n�'�s� �s�y�s�t�e�m� �b�y� �o�t�h�e�r�s� 

�q�u�a�n�t�i�f�i�a�b�l�e� �m�e�a�s�u�r�e�m�e�n�t�s� �t�a�k�e�n� �f�r�o�m� �t�h�e� �p�h�o�t�o�g�r�a�p�h�s� �w�e�r�e� �u�s�e�d�.� 

�T�h�e� �u�s�e� �o�f� �a�n�t�h�r�o�p�o�m�e�t�r�i�c� �p�h�o�t�o�g�r�a�p�h�y� �a�s� �a�n� �a�c�c�e�p�t�a�b�l�e� �r�e�s�e�a�r�c�h� �t�o�o�l� 

�w�a�s� �t�h�e� �s�u�b�j�e�c�t� �o�f� �m�a�n�y� �a�r�t�i�c�l�e�s� �i�n� �t�h�e� �1�9�5�0�s� �a�l�t�h�o�u�g�h� �i�t� �w�a�s� �n�o�t� �u�n�t�i�l� 

�t�h�e� �1�9�7�0�s� �t�h�a�t� �i�t� �w�a�s� �c�o�m�m�o�n�l�y� �u�s�e�d�.� �E�a�r�l�y� �s�t�u�d�i�e�s� �w�e�r�e� �o�f� �a� �s�u�b�j�e�c�t�i�v�e� 

�n�a�t�u�r�e� �a�n�d�,� �l�i�k�e� �S�h�e�l�d�o�n�'�s� �w�o�r�k�,� �d�e�s�c�r�i�b�e�d� �t�h�e� �g�e�n�e�r�a�l� �f�o�r�m� �o�f� �t�h�e� �b�o�d�y�.� 

�F�u�r�t�h�e�r� �d�e�v�e�l�o�p�m�e�n�t�s� �o�f� �S�h�e�l�d�o�n�'�s� �w�o�r�k� �t�o�o�k� �t�w�o� �d�i�f�f�e�r�e�n�t� �f�o�r�m�s�.� 

�O�n�e� �g�r�o�u�p� �c�o�n�t�i�n�u�e�d� �t�o� �v�i�e�w� �t�h�e� �b�o�d�y� �s�i�l�h�o�u�e�t�t�e� �a�s� �i�t� �w�a�s� �c�a�p�t�u�r�e�d� �i�n� 

�p�h�o�t�o�g�r�a�p�h�s�.� �T�h�e� �o�t�h�e�r� �g�r�o�u�p� �a�t�t�e�m�p�t�e�d� �t�o� �s�t�a�n�d�a�r�d�i�z�e� �a�n�d� �p�e�r�f�e�c�t� �t�h�e� 

�u�s�e� �o�f� �p�h�o�t�o�g�r�a�p�h�y� �a�s� �a� �t�o�o�l� �f�o�r� �t�a�k�i�n�g� �q�u�a�n�t�i�f�i�a�b�l�e� �a�n�t�h�r�o�p�o�m�e�t�r�i�c� 

�m�e�a�s�u�r�e�m�e�n�t�s�.� 

�D�o�u�t�y� �(�1�9�5�4�)� �s�a�w� �t�h�a�t� �a� �t�e�c�h�n�i�q�u�e� �s�i�m�i�l�a�r� �t�o� �S�h�e�l�d�o�n ��'�s� �w�o�u�l�d� �b�e� �a�n� 

�a�s�s�e�t� �t�o� �h�e�r� �c�l�o�t�h�i�n�g� �c�l�a�s�s� �e�n�a�b�l�i�n�g� �h�e�r� �s�t�u�d�e�n�t�s� �t�o� �o�b�j�e�c�t�i�v�e�l�y� �v�i�e�w� 

�t�h�e� �s�h�a�p�e�s� �o�f� �t�h�e�i�r� �b�o�d�i�e�s�.� �S�h�e� �f�u�r�t�h�e�r� �d�e�v�e�l�o�p�e�d� �S�h�e�l�d�o�n�'�s� �s�y�s�t�e�m� �b�y� 

�p�h�o�t�o�g�r�a�p�h�i�n�g� �t�h�e� �s�i�l�h�o�u�e�t�t�e�s� �o�f� �w�o�m�e�n� �s�u�b�j�e�c�t�s� �w�h�i�c�h� �w�e�r�e� �p�r�o�j�e�c�t�e�d



�1�9� 

�t�h�r�o�u�g�h� �a� �t�r�a�n�s�l�u�c�e�n�t� �g�r�i�d�d�e�d� �s�c�r�e�e�n�.� �T�h�e� �s�i�l�h�o�u�e�t�t�e� �p�h�o�t�o�g�r�a�p�h�s� �s�e�r�v�e�d� 

�t�o� �p�r�o�t�e�c�t� �t�h�e� �a�n�o�n�y�m�i�t�y� �o�f� �t�h�e� �s�u�b�j�e�c�t�s� �i�n�v�o�l�v�e�d� �a�n�d� �p�r�o�v�i�d�e�d� �a� 

�s�i�m�p�l�i�f�i�e�d� �p�i�c�t�u�r�e� �o�f� �e�a�c�h� �p�e�r�s�o�n�'�s� �b�o�d�y� �c�o�n�t�o�u�r�s�.� �T�h�e�  ��s�o�m�a�t�o�g�r�a�p�h�s�"� 

�w�e�r�e� �u�s�e�d� �f�o�r� �s�u�b�j�e�c�t�i�v�e� �a�n�a�l�y�s�i�s� �o�f� �p�o�s�t�u�r�e�,� �b�o�d�y� �m�a�s�s�,� �p�r�o�p�o�r�t�i�o�n�,� 

�c�o�n�t�o�u�r�,� �b�a�l�a�n�c�e�,� �a�n�d� �s�y�m�m�e�t�r�y�.� 

�A�n�a�l�y�z�i�n�g� �t�h�e� �b�o�d�y� �w�i�t�h� �s�o�m�a�t�o�g�r�a�p�h�s� �b�e�c�a�m�e� �a� �f�a�i�r�l�y� �c�o�m�m�o�n� �r�e�s�e�a�r�c�h� 

�p�r�a�c�t�i�c�e� �i�n� �t�h�e� �c�l�o�t�h�i�n�g� �f�i�e�l�d�.� �A�d�d�i�t�i�o�n�a�l� �i�n�f�o�r�m�a�t�i�o�n� �a�b�o�u�t� �t�h�e� �b�o�d�y� 

�w�a�s� �a�v�a�i�l�a�b�l�e� �f�r�o�m� �t�h�e� �s�o�m�a�t�o�g�r�a�p�h�s� �t�h�a�t� �c�o�u�l�d� �b�e� �u�s�e�d� �i�n� �t�h�e� �a�l�t�e�r�a�t�i�o�n� 

�o�f� �p�a�t�t�e�r�n�s�.� �A�n�g�l�e�s� �a�n�d� �c�o�n�t�o�u�r�s� �w�h�i�c�h� �a�r�e� �v�i�s�i�b�l�e� �i�n� �s�i�l�h�o�u�e�t�t�e� 

�p�h�o�t�o�g�r�a�p�h�s� �w�e�r�e� �m�e�a�s�u�r�e�d� �b�y� �r�e�s�e�a�r�c�h�e�r�s� �s�e�e�k�i�n�g� �t�o� �d�e�v�e�l�o�p� �n�o�n�-� 

�t�r�a�d�i�t�i�o�n�a�l� �p�a�t�t�e�r�n� �a�l�t�e�r�a�t�i�o�n� �m�e�t�h�o�d�s� �t�h�a�t� �w�o�u�l�d� �p�r�o�v�i�d�e� �a� �b�e�t�t�e�r� �f�i�t� 

�(�s�e�e� �F�i�g�u�r�e� �4� �f�o�r� �a�n�g�l�e�s� �m�e�a�s�u�r�e�d� �f�o�r� �p�a�t�t�e�r�n� �a�l�t�e�r�a�t�i�o�n�s�)�.� �U�s�i�n�g� 

�t�r�a�d�i�t�i�o�n�a�l� �t�e�c�h�n�i�q�u�e�s�,� �m�e�a�s�u�r�e�s� �o�f� �c�i�r�c�u�m�f�e�r�e�n�c�e� �a�n�d� �v�e�r�t�i�c�a�l� �l�e�n�g�t�h� 

�w�e�r�e� �u�s�e�d� �t�o� �a�l�t�e�r� �t�h�e� �l�e�n�g�t�h� �a�n�d� �w�i�d�t�h� �o�f� �t�h�e� �p�a�t�t�e�r�n�.� �A�n�g�l�e� 

�m�e�a�s�u�r�e�m�e�n�t�s� �w�e�r�e� �t�h�e�n� �u�s�e�d� �t�o� �r�e�l�a�t�e� �t�h�e� �c�i�r�c�u�m�f�e�r�e�n�c�e� �m�e�a�s�u�r�e�m�e�n�t�s� �t�o� 

�e�a�c�h� �o�t�h�e�r� �(�H�e�i�s�e�y�,� �B�r�o�w�n� �&� �J�o�h�n�s�o�n�,� �1�9�8�6�)�.� 

�B�r�i�n�s�o�n� �(�1�9�7�7�)� �c�o�m�p�a�r�e�d� �t�h�e� �t�r�a�d�i�t�i�o�n�a�l� �m�e�t�h�o�d� �o�f� �p�a�t�t�e�r�n� �a�l�t�e�r�a�t�i�o�n� 

�w�i�t�h� �a�n� �e�x�p�e�r�i�m�e�n�t�a�l� �m�e�t�h�o�d� �b�a�s�e�d� �o�n� �a�n�g�l�e�s� �m�e�a�s�u�r�e�d� �f�r�o�m� �s�o�m�a�t�o�g�r�a�p�h�s�.� 

�T�h�i�s� �m�e�t�h�o�d� �w�a�s� �a�p�p�l�i�e�d� �t�o� �t�h�e� �a�l�t�e�r�a�t�i�o�n� �o�f� �b�o�d�i�c�e�s� �a�n�d� �s�k�i�r�t�s�.� �D�o�u�t�y� 

�a�n�d� �Z�i�e�g�l�e�r� �(�1�9�8�0�)� �l�o�o�k�e�d� �a�t� �b�o�d�y� �p�r�o�p�o�r�t�i�o�n�s� �a�n�d� �a�n�g�l�e�s� �t�o� �d�e�t�e�r�m�i�n�e� 

�a�l�t�e�r�a�t�i�o�n�s� �f�o�r� �m�u�s�l�i�n� �d�r�e�s�s�e�s�.� �P�o�u�l�i�o�t� �(�1�9�8�0�)� �a�l�t�e�r�e�d� �p�a�n�t�s� �p�a�t�t�e�r�n�s� 

�b�y� �m�e�a�s�u�r�i�n�g� �t�h�e� �a�n�g�l�e�s� �o�f� �t�h�e� �l�o�w�e�r� �b�o�d�y� �a�n�d� �L�e�s�k�o� �(�1�9�8�2�)� �a�l�t�e�r�e�d� 

�b�o�d�i�c�e� �p�a�t�t�e�r�n�s� �b�y� �m�e�a�s�u�r�i�n�g� �t�h�e� �a�n�g�l�e�s� �o�f� �u�p�p�e�r� �b�o�d�y� �c�o�n�t�o�u�r�s�.� �T�h�i�s� 

�m�e�t�h�o�d� �w�a�s� �a�l�s�o� �u�s�e�d� �b�y� �B�r�a�c�k�e�l�s�b�e�r�g�,� �F�a�r�r�e�l�-�B�e�c�k� �a�n�d� �W�i�n�a�k�o�r� �(�1�9�8�6�)� �w�h�o� 

�a�l�t�e�r�e�d� �a�t�t�a�c�h�e�d� �b�e�d�i�c�e�s� �a�n�d� �s�k�i�r�t�s�.� �S�i�m�i�l�a�r� �m�e�t�h�o�d�s� �h�a�v�e� �b�e�e�n� �u�s�e�d� �b�y� 

�T�e�r�r�y� �(�1�9�6�8�)� �w�h�o� �n�o�t�e�d� �f�i�g�u�r�e� �i�r�r�e�g�u�l�a�r�i�t�i�e�s� �v�i�s�i�b�l�e� �i�n� �a� �s�o�m�a�t�o�g�r�a�p�h
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�s�a�l�e�s�m�e�n� 

�L�a�t�e�r�a�l� �P�o�s�t�e�r�i�o�r� � � 
�F�i�g�u�r�e� �4�,� �A�n�g�l�e�s� �o�f� �t�h�e� �b�o�d�y� �m�e�a�s�u�r�e�d� �i�n� �s�o�m�a�t�o�m�e�t�r�y� �p�a�t�t�e�r�n� 
�a�l�t�e�r�a�t�i�o�n� �m�e�t�h�o�d�s� 

�N�o�t�e�.� �F�r�o�m� �"�A� �m�a�t�h�e�m�a�t�i�c�a�l� �a�n�a�l�y�s�i�s� �o�f� �t�h�e� �g�r�a�p�h�i�c� �s�o�m�a�t�o�m�e�t�r�y�.� �m�e�t�h�o�d� 
�o�f� �p�a�t�t�e�r�n� �a�l�t�e�r�a�t�i�o�n�"� �b�y� �F�.�L�.� �H�e�i�s�e�y�,� �P�.� �B�r�o�w�n�,� �&� �R�.�F�.� �J�o�h�n�s�o�n�,� �1�9�8�6�,� 
�A�H�E�A�,� �W�a�s�h�i�n�g�t�o�n�,� �D�.�C�.�,� �1�5�,� �p�.� �1�1�6�.� 
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�(�R�e�p�r�i�n�t�e�d� �w�i�t�h� �p�e�r�m�i�s�s�i�o�n�)



�2�1� 

�a�n�d� �u�s�e�d� �t�h�i�s� �i�n�f�o�r�m�a�t�i�o�n� �t�o� �p�r�e�d�i�c�t� �n�e�c�e�s�s�a�r�y� �a�l�t�e�r�a�t�i�o�n�s�.� �P�h�i�l�i�p�s�z� 

�(�1�9�6�2�)� �a�n�d� �R�e�e�d� �(�1�9�6�3�)� �t�r�a�c�e�d� �t�h�e� �s�i�d�e� �h�i�p� �c�u�r�v�e� �a�n�d� �u�s�e�d� �t�h�i�s� 

�i�n�f�o�r�m�a�t�i�o�n� �t�o� �p�e�r�f�o�r�m� �p�a�t�t�e�r�n� �a�l�t�e�r�a�t�i�o�n�s�.� 

�T�h�e� �r�e�s�e�a�r�c�h� �t�h�a�t� �h�a�s� �b�e�e�n� �d�o�n�e� �u�s�i�n�g� �s�o�m�a�t�o�g�r�a�p�h�s� �h�a�s� �f�o�c�u�s�s�e�d� �o�n� 

�e�x�t�r�a�c�t�i�n�g� �t�w�o� �d�i�m�e�n�s�i�o�n�a�l� �i�n�f�o�r�m�a�t�i�o�n� �f�r�o�m� �a� �p�h�o�t�o�g�r�a�p�h� �f�o�r� �u�s�e� �i�n� 

�a�l�t�e�r�i�n�g� �t�w�o�-�d�i�m�e�n�s�i�o�n�a�l� �p�a�t�t�e�r�n�s� �w�h�i�c�h� �a�r�e� �u�s�e�d� �t�o� �e�n�c�i�r�c�l�e� �t�h�e� �t�h�r�e�e�-� 

�d�i�m�e�n�s�i�o�n�a�l� �b�o�d�y�.� �A�n� �a�p�p�l�i�c�a�t�i�o�n� �o�f� �t�w�o�-�d�i�m�e�n�s�i�o�n�a�l� �i�n�f�o�r�m�a�t�i�o�n� �t�o� �a� 

�t�h�r�e�e�-�d�i�m�e�n�s�i�o�n�a�l� �o�b�j�e�c�t� �r�e�q�u�i�r�e�s� �t�h�a�t� �c�e�r�t�a�i�n� �a�s�s�u�m�p�t�i�o�n�s� �b�e� �m�a�d�e� �a�b�o�u�t� 

�t�h�e� �g�e�o�m�e�t�r�y� �o�f� �t�h�e� �3�-�D� �o�b�j�e�c�t� �(�H�e�i�s�e�y�,� �1�9�8�4�)�.� �T�h�e�s�e� �m�e�t�h�o�d�s� �o�f� �p�a�t�t�e�r�n� 

�a�l�t�e�r�a�t�i�o�n�,� �a�l�t�h�o�u�g�h� �a�n� �i�m�p�r�o�v�e�m�e�n�t� �o�v�e�r� �t�r�a�d�i�t�i�o�n�a�l� �m�e�t�h�o�d�s�,� �a�r�e� �s�t�i�l�l� 

�b�a�s�e�d� �o�n� �m�a�n�y� �a�s�s�u�m�p�t�i�o�n�s� �i�n� �o�r�d�e�r� �t�o� �t�r�a�n�s�l�a�t�e� �2�-�D� �i�n�f�o�r�m�a�t�i�o�n� �t�o� �t�h�e� 

�3�-�D� �b�o�d�y�.� 

�D�e�s�c�r�i�b�i�n�g� �t�h�e� �h�u�m�a�n� �b�o�d�y� �w�i�t�h� �t�r�a�d�i�t�i�o�n�a�l� �a�n�t�h�r�o�p�o�m�e�t�r�i�c� 

�m�e�a�s�u�r�e�m�e�n�t�s� �h�a�s� �i�t�s� �l�i�m�i�t�a�t�i�o�n�s�.� �R�e�g�u�l�a�r� �s�o�l�i�d� �o�b�j�e�c�t�s� �c�a�n� �b�e� 

�q�u�a�n�t�i�f�i�e�d� �w�i�t�h� �l�i�n�e�a�r� �t�w�o�-�d�i�m�e�n�s�i�o�n�a�l� �m�e�a�s�u�r�e�m�e�n�t�s�.� �T�h�e� �h�u�m�a�n� �b�o�d�y�,� 

�h�o�w�e�v�e�r�,� �i�s� �a�n� �i�r�r�e�g�u�l�a�r�,� �t�h�r�e�e�-�d�i�m�e�n�s�i�o�n�a�l� �f�o�r�m� �"�.�.�.�w�h�i�c�h� �l�i�m�i�t�s� �t�h�e� 

�e�f�f�i�c�a�c�y� �o�f� �t�w�o�-�d�i�m�e�n�s�i�o�n�a�l� �p�a�r�a�m�e�t�e�r�s� �f�o�r� �c�o�m�p�r�e�h�e�n�s�i�v�e� �a�n�d� �u�n�a�m�b�i�g�u�o�u�s� 

�q�u�a�n�t�i�f�i�c�a�t�i�o�n� �o�f� �b�o�d�y� �f�o�r�m�"� �(�H�e�r�r�o�n�,� �1�9�7�2�,� �p�.� �8�0�)�.� �E�v�e�n� �a� �l�a�r�g�e� �n�u�m�b�e�r� 

�o�f� �m�e�a�s�u�r�e�m�e�n�t�s� �d�e�s�c�r�i�b�i�n�g� �b�o�d�y� �l�e�n�g�t�h�,� �w�i�d�t�h�,� �a�n�d� �c�i�r�c�u�m�f�e�r�e�n�c�e� �(�a�l�l� 

�2�-�D�)� �d�o� �n�o�t� �s�u�p�p�l�y� �d�e�t�a�i�l�s� �a�b�o�u�t� �t�h�e� �t�h�r�e�e�-�d�i�m�e�n�s�i�o�n�a�l� �f�o�r�m�.� 

�A�n�t�h�r�o�p�o�m�e�t�r�i�c� �m�e�a�s�u�r�e�m�e�n�t�s� �a�r�e� �q�u�a�n�t�i�f�i�a�b�l�e� �m�e�a�s�u�r�e�s� �o�f� �b�o�d�y� 

�d�i�m�e�n�s�i�o�n�s� �w�i�t�h�i�n� �o�n�e� �p�l�a�n�e� �o�n�l�y�.� �T�h�e� �n�u�m�e�r�i�c�a�l� �v�a�l�u�e� �a�s�s�i�g�n�e�d� �t�o� �a�n�y� 

�g�i�r�t�h� �m�e�a�s�u�r�e�m�e�n�t� �c�o�n�v�e�y�s� �n�o� �i�n�f�o�r�m�a�t�i�o�n� �a�b�o�u�t� �t�h�e� �d�i�s�t�r�i�b�u�t�i�o�n� �o�f� �t�h�e� 

�m�a�s�s� �w�i�t�h�i�n� �t�h�e� �p�e�r�i�m�e�t�e�r� �o�f� �t�h�e� �g�i�r�t�h� �(�s�e�e� �F�i�g�u�r�e� �5�)�.� �T�h�e�r�e� �i�s� �n�o� 

�i�n�f�o�r�m�a�t�i�o�n� �w�h�i�c�h� �s�p�e�c�i�f�i�e�s� �l�o�c�a�t�i�o�n� �o�f� �c�o�n�t�o�u�r�s�.� �L�e�n�g�t�h� �a�n�d� �b�r�e�a�d�t�h� 

�m�e�a�s�u�r�e�m�e�n�t�s� �a�s� �w�e�l�l� �d�i�c�t�a�t�e� �a�n� �a�s�s�u�m�e�d� �s�t�r�a�i�g�h�t� �l�i�n�e� �m�e�a�s�u�r�e�m�e�n�t� �w�i�t�h



�2�2� 

�C�O� 

�O�U� 
�F�i�g�u�r�e� �5�.� �V�a�r�i�a�t�i�o�n�s� �i�n� �l�o�c�a�t�i�o�n� �o�f� �m�a�s�s� �w�i�t�h� �e�q�u�a�l� �c�i�r�c�u�m�f�e�r�e�n�c�e�s



�2�3� 

�n�o� �i�n�d�i�c�a�t�i�o�n� �o�f� �c�u�r�v�e�s� �o�r� �a�n�g�l�e�s� �t�h�a�t� �m�a�y� �b�e� �e�n�c�o�m�p�a�s�s�e�d�.� �I�n� �t�r�y�i�n�g� �t�o� 

�d�e�s�c�r�i�b�e� �t�h�e� �f�o�r�m� �o�f� �t�h�e� �b�o�d�y� �t�h�i�s� �i�n�f�o�r�m�a�t�i�o�n� �i�s� �o�f� �l�i�m�i�t�e�d� �v�a�l�u�e�.� �T�h�e� 

�l�i�m�i�t�a�t�i�o�n�s� �o�f� �t�w�o�-�d�i�m�e�n�s�i�o�n�a�l� �m�e�a�s�u�r�e�m�e�n�t�s� �l�i�e� �n�o�t� �o�n�l�y� �i�n� �t�h�e� �l�a�c�k� �o�f� 

�c�o�n�t�o�u�r� �i�n�f�o�r�m�a�t�i�o�n� �s�u�p�p�l�i�e�d� �b�u�t� �a�l�s�o� �i�n� �t�h�e� �d�i�f�f�i�c�u�l�t�y� �o�f� �r�e�l�a�t�i�n�g� �o�n�e� 

�t�w�o�-�d�i�m�e�n�s�i�o�n�a�l� �m�e�a�s�u�r�e�m�e�n�t� �t�o� �a�n�o�t�h�e�r� �(�s�e�e� �F�i�g�u�r�e� �6�)�.� �L�i�n�e�a�r� �t�w�o�-� 

�d�i�m�e�n�s�i�o�n�a�l� �m�e�a�s�u�r�e�m�e�n�t�s� �a�r�e� �o�f� �l�i�m�i�t�e�d� �v�a�l�u�e� �w�h�e�n� �d�e�f�i�n�i�n�g� �a� �c�o�m�p�l�e�x� 

�t�h�r�e�e�-�d�i�m�e�n�s�i�o�n�a�l� �o�b�j�e�c�t� �s�u�c�h� �a�s� �t�h�e� �h�u�m�a�n� �_� �b�o�d�y�.� �O�b�t�a�i�n�i�n�g� �a� 

�c�o�m�p�r�e�h�e�n�s�i�v�e� �a�n�d� �u�n�a�m�b�i�g�u�o�u�s� �q�u�a�n�t�i�f�i�c�a�t�i�o�n� �o�f� �t�h�e� �b�o�d�y� �f�o�r�m� �r�e�q�u�i�r�e�s� 

�c�o�n�s�i�d�e�r�a�b�l�e� �i�n�t�e�r�p�o�l�a�t�i�o�n� �w�h�e�n� �u�s�i�n�g� �o�n�l�y� �t�w�o�-�d�i�m�e�n�s�i�o�n�a�l� �d�a�t�a� �(�H�e�r�r�o�n�,� 

�1�9�7�2�)�.� �T�h�e� �c�o�n�t�i�n�u�e�d� �u�s�e� �o�f� �"�.�.�.�'�t�a�p�e� �a�n�d� �c�a�l�i�p�e�r �� �m�e�t�h�o�d�s� �i�s� �h�e�l�p�i�n�g� 

�t�o� �p�e�r�p�e�t�u�a�t�e� �c�e�r�t�a�i�n� �i�n�f�o�r�m�a�t�i�o�n� �g�a�p�s�"� �(�H�e�r�r�o�n�,� �1�9�7�2�,� �p�.� �8�0�)�.� 

�A�l�t�h�o�u�g�h� �u�s�i�n�g� �i�n�d�i�r�e�c�t� �m�e�a�n�s� �o�f� �o�b�t�a�i�n�i�n�g� �i�n�f�o�r�m�a�t�i�o�n�,� �s�u�c�h� �a�s� 

�p�h�o�t�o�g�r�a�p�h�y�,� �o�f�f�e�r�e�d� �m�a�n�y� �a�d�v�a�n�t�a�g�e�s� �i�n� �t�a�k�i�n�g� �a�n�t�h�r�o�p�o�m�e�t�r�i�c� 

�m�e�a�s�u�r�e�m�e�n�t�s� �t�h�e�r�e� �w�e�r�e� �s�e�v�e�r�a�l� �f�a�c�t�o�r�s� �t�h�a�t� �r�e�q�u�i�r�e�d� �s�p�e�c�i�a�l� 

�c�o�n�s�i�d�e�r�a�t�i�o�n�.� �I�n� �a�n� �e�f�f�o�r�t� �t�o� �e�s�t�a�b�l�i�s�h� �t�h�e� �u�s�e� �o�f� �p�h�o�t�o�g�r�a�p�h�y� �a�s� �a� 

�q�u�a�n�t�i�f�i�a�b�l�e� �r�e�s�e�a�r�c�h� �t�o�o�l� �a�n�t�h�r�o�p�o�l�o�g�i�s�t�s� �r�e�s�e�a�r�c�h�e�d� �t�h�e�s�e� �i�s�s�u�e�s�.� 

�I�n� �o�r�d�e�r� �t�o� �c�o�l�l�e�c�t� �d�a�t�a� �f�r�o�m� �p�h�o�t�o�g�r�a�p�h�s� �o�f� �t�h�e� �b�o�d�y� �i�t� �i�s� 

�n�e�c�e�s�s�a�r�y� �t�o� �f�i�r�s�t� �m�a�r�k� �a�n�a�t�o�m�i�c�a�l� �l�a�n�d�m�a�r�k�s� �o�n� �t�h�e� �s�k�i�n�.� �T�h�e� �s�a�m�e� 

�l�a�n�d�m�a�r�k�s� �t�h�a�t� �a�r�e� �u�s�e�d� �w�i�t�h� �t�r�a�d�i�t�i�o�n�a�l� �a�n�t�h�r�o�p�o�m�e�t�r�y� �a�r�e� �a�l�s�o� �u�s�e�d� �f�o�r� 

�t�h�i�s� �p�u�r�p�o�s�e� �w�i�t�h� �t�h�e� �a�d�d�e�d� �s�t�i�p�u�l�a�t�i�o�n� �t�h�a�t� �t�h�e�y� �b�e� �v�i�s�i�b�l�e� �i�n� �a� 

�p�h�o�t� �o�g�r�a�p�h�.� �W�h�e�n� �a�n�a�t�o�m�i�c�a�l� �p�o�i�n�t�s� �a�r�e� �u�s�e�d� �a�s� �r�e�f�e�r�e�n�c�e�s� �f�o�r� �t�a�k�i�n�g� 

�m�e�a�s�u�r�e�m�e�n�t�s� �f�r�o�m� �a� �p�h�o�t�o�g�r�a�p�h� �t�h�e� �m�e�a�s�u�r�e�m�e�n�t�s� �c�a�n� �b�e� �a�s� �a�c�c�u�r�a�t�e� �a�s� 

�t�h�o�s�e� �t�a�k�e�n� �d�i�r�e�c�t�l�y� �o�n� �t�h�e� �i�n�d�i�v�i�d�u�a�l� �(�G�a�v�a�n�,� �W�a�s�h�b�u�r�n� �&� �L�e�w�i�s�,� �1�9�5�2�)�.� 

�A� �s�t�a�n�d�a�r�d�i�z�e�d� �p�o�s�e�,� �w�h�e�r�e� �a�l�l� �s�u�b�j�e�c�t�s� �a�s�s�u�m�e� �t�h�e� �s�a�m�e� �b�o�d�y� �s�t�a�n�c�e� 

�a�n�d� �l�i�m�b� �p�o�s�i�t�i�o�n�s�,� �u�s�u�a�l�l�y� �h�a�s� �b�e�e�n� �u�s�e�d� �f�o�r� �p�h�o�t�o�g�r�a�p�h�s� �t�h�a�t� �a�r�e� �u�s�e�d� 

�f�o�r� �d�a�t�a� �c�o�l�l�e�c�t�i�o�n�.� �M�o�s�t� �s�t�u�d�i�e�s� �h�a�v�e� �b�e�e�n� �d�o�n�e� �u�s�i�n�g� �t�h�e� �s�t�a�n�d�a�r�d� �(�o�r
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�F�i�g�u�r�e� �6�.� �A�s�s�u�m�e�d� �c�o�n�c�e�n�t�r�i�c�i�t�y� �i�n� �r�e�l�a�t�i�n�g� �t�w�o�-�d�i�m�e�n�s�i�o�n�a�l� �m�e�a�s�u�r�e�-� 
�m�e�n�t�s
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�c�l�a�s�s�i�c�a�l�)� �a�n�a�t�o�m�i�c�a�l� �p�o�s�i�t�i�o�n�.� �I�n� �t�h�e� �s�t�a�n�d�a�r�d� �a�n�a�t�o�m�i�c�a�l� �p�o�s�i�t�i�o�n� �t�h�e� 

�s�u�b�j�e�c�t� �s�t�a�n�d�s� �e�r�e�c�t� �w�i�t�h� �t�h�e� �w�e�i�g�h�t� �e�v�e�n�l�y� �d�i�s�t�r�i�b�u�t�e�d� �o�n� �b�o�t�h� �f�e�e�t�,� 

�h�e�e�l�s� �c�l�o�s�e� �t�o�g�e�t�h�e�r�,� �l�e�g�s� �a�n�d� �t�o�r�s�o� �s�t�r�a�i�g�h�t� �(�b�u�t� �w�i�t�h�o�u�t� �s�t�i�f�f�n�e�s�s�)�,� 

�a�n�d� �h�e�a�d� �e�r�e�c�t� �w�i�t�h� �t�h�e� �l�i�n�e� �o�f� �v�i�s�i�o�n� �p�a�r�a�l�l�e�l� �t�o� �t�h�e� �f�l�o�o�r�.� �T�h�e� �a�r�m�s� 

�h�a�n�g� �s�t�r�a�i�g�h�t� �b�u�t� �l�o�o�s�e�l�y� �a�t� �t�h�e� �s�i�d�e�s� �w�i�t�h� �p�a�l�m�s� �a�l�o�n�g�s�i�d�e� �b�u�t� �n�o�t� 

�t�o�u�c�h�i�n�g� �t�h�e� �t�h�i�g�h�s� �(�M�c�C�o�n�v�i�l�l�e� �&� �L�a�u�b�a�c�h�,� �1�9�7�8�)�.� �A� �s�t�a�n�d�a�r�d�i�z�e�d� 

�p�o�s�t�u�r�e� �"�.�.�.�a�s�s�u�r�e�s� �t�h�a�t� �t�h�e� �v�a�r�i�a�t�i�o�n� �f�o�u�n�d� �i�n� �b�o�d�y� �s�i�z�e� �w�i�t�h�i�n� �a� �g�r�o�u�p� 

�i�s� �t�r�u�l�y� �t�h�a�t� �a�s�s�o�c�i�a�t�e�d� �w�i�t�h� �b�o�d�y� �s�i�z�e� �a�n�d� �n�o�t� �a� �c�o�m�p�o�u�n�d�i�n�g� �o�f� �t�h�i�s� 

�v�a�r�i�a�n�c�e� �b�y� �d�i�f�f�e�r�e�n�c�e�s� �i�n� �b�o�d�y� �s�t�a�n�c�e �� �(�M�c�C�o�n�v�i�l�l�e� �&� �L�a�u�b�a�c�h�,� �1�9�7�8�,� �p�.� 

�I�I�I�-�6�)�.� �O�n� �t�h�e� �o�t�h�e�r� �h�a�n�d�,� �b�y� �r�e�q�u�i�r�i�n�g� �a�l�l� �s�u�b�j�e�c�t�s� �t�o� �a�s�s�u�m�e� �t�h�e� �s�a�m�e� 

�s�t�a�n�c�e� �i�t� �i�s� �i�m�p�o�s�s�i�b�l�e� �t�o� �i�n�v�e�s�t�i�g�a�t�e� �t�h�e�  ��r�e�a�l� �w�o�r�l�d �� �v�a�r�i�a�b�i�l�i�t�y� �t�h�a�t� 

�o�c�c�u�r�s� �i�n� �p�o�s�t�u�r�e� �(�R�e�y�n�o�l�d�s�,� �1�9�8�0�)�.� 

�T�h�e� �v�e�r�y� �p�r�o�c�e�s�s� �o�f� �u�s�i�n�g� �a� �c�a�m�e�r�a� �t�o� �c�a�p�t�u�r�e� �a� �t�w�o�-�d�i�m�e�n�s�i�o�n�a�l� 

�i�m�a�g�e� �o�f� �a� �t�h�r�e�e�-�d�i�m�e�n�s�i�o�n�a�l� �o�b�j�e�c�t� �r�e�q�u�i�r�e�s� �a� �c�e�r�t�a�i�n� �a�m�o�u�n�t� �o�f� 

�i�n�t�e�r�p�r�e�t�a�t�i�o�n�.� �A�n� �e�n�g�i�n�e�e�r�i�n�g� �d�r�a�w�i�n�g� �c�a�p�t�u�r�e�s� �t�h�e� �i�m�a�g�e� �o�f� �a� �t�h�r�e�e�-� 

�d�i�m�e�n�s�i�o�n�a�l� �o�b�j�e�c�t� �i�n� �a�n� �o�r�t�h�o�g�o�n�a�l� �p�r�o�j�e�c�t�i�o�n� �(�s�e�e� �F�i�g�u�r�e� �7�a�)�.� �S�i�n�c�e� 

�t�h�e� �l�i�n�e�s� �p�r�o�j�e�c�t�i�n�g� �t�h�e� �a�c�t�u�a�l� �o�b�j�e�c�t� �o�n�t�o� �t�h�e� �r�e�f�e�r�e�n�c�e� �p�l�a�n�e� �a�r�e� 

�p�e�r�p�e�n�d�i�c�u�l�a�r� �t�o� �t�h�e� �o�b�j�e�c�t�,� �t�h�e� �s�i�z�e� �o�f� �t�h�e� �o�b�j�e�c�t� �o�n� �t�h�e� �r�e�f�e�r�e�n�c�e� 

�p�l�a�n�e� �w�i�l�l� �a�l�w�a�y�s� �b�e� �t�h�e� �s�a�m�e� �a�c�t�u�a�l� �s�i�z�e� �(�M�y�k�l�e�b�u�s�t�,� �P�e�n�n�i�n�g�t�o�n� �&� 

�D�h�a�n�d�e�,� �1�9�8�9�)�.� �A� �p�h�o�t�o�g�r�a�p�h�,� �h�o�w�e�v�e�r�,� �i�s� �a�c�t�u�a�l�l�y� �a� �p�e�r�s�p�e�c�t�i�v�e� 

�p�r�o�j�e�c�t�i�o�n� �o�f� �a�n� �o�b�j�e�c�t� �(�s�e�e� �F�i�g�u�r�e� �7�b�)�.� �T�h�e� �l�i�n�e�s� �p�r�o�j�e�c�t�i�n�g� �f�r�o�m� �t�h�e� 

�a�c�t�u�a�l� �o�b�j�e�c�t� �c�o�n�v�e�r�g�e� �a�t� �t�h�e� �c�a�m�e�r�a� �l�e�n�s�.� �T�h�e� �i�m�a�g�e� �c�a�p�t�u�r�e�d� �o�n� �t�h�e� 

�r�e�f�e�r�e�n�c�e� �p�l�a�n�e� �(�p�h�o�t�o�g�r�a�p�h�)� �i�s� �d�i�s�t�o�r�t�e�d� �b�y� �t�h�e� �p�a�r�a�l�l�a�x� �w�h�i�c�h� �o�c�c�u�r�s�.� 

�T�h�e� �p�h�o�t�o�g�r�a�p�h�i�c� �i�m�a�g�e� �i�s� �a�l�w�a�y�s� �s�m�a�l�l�e�r� �t�h�a�n� �t�h�e� �t�r�u�e� �o�b�j�e�c�t� �u�n�l�e�s�s� �t�h�e� 

�c�a�m�e�r�a� �l�e�n�s� �i�s� �a�t� �i�n�f�i�n�i�t�y� �(�G�a�v�a�n� �e�t�.� �a�l�,� �1�9�5�2�)�.� �T�h�i�s� �t�y�p�e� �o�f� �e�r�r�o�r� �c�a�n� 

�b�e� �r�e�d�u�c�e�d� �t�o� �a�n� �a�c�c�e�p�t�a�b�l�e� �l�e�v�e�l� �b�y� �u�s�i�n�g� �a� �l�o�n�g� �l�e�n�s�-�t�o�-�s�u�b�j�e�c�t
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�=� �o�p� �o�D� �o�e� �O�e� �o�e� �>� �>� �<�p� �s�u�n�t� 

� � �m�a�w� �a�n�s� �a�E� �a�D� �o�m� �a�s�a� �o�w� �o�F� 

�~�-�t ��-�-� � � 
� � � � � �  ��_�e�w�b�w� �e�u� �a� �a�e� �o�w�t� �o�m�e� �a�e� �o�w� �o�w� �o�S� � � 

�(�a�)� �O�r�t�h�o�g�o�n�a�l� �p�r�o�j�e�c�t�i�o�n� 

� � 

� � 

� � 

� � � � � � � � 
� � �(�b�)� �P�e�r�s�p�e�c�t�i�v�e� �a� 

�F�i�g�u�r�e� �7�.� �P�r�o�j�e�c�t�i�o�n� �o�f� �a� �t�h�r�e�e�-�d�i�m�e�n�s�i�o�n�a�l� �o�b�j�e�c�t� �o�n�t�o� �a� �p�l�a�n�e
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�d�i�s�t�a�n�c�e� �(�s�e�e� �F�i�g�u�r�e� �8�)�.� �A�n�t�h�r�o�p�o�l�o�g�i�s�t�s� �r�e�s�e�a�r�c�h�i�n�g� �t�h�i�s� �p�r�o�b�l�e�m� 

�a�d�v�i�s�e� �u�s�i�n�g� �a� �d�i�s�t�a�n�c�e� �o�f� �a�t� �l�e�a�s�t� �t�w�e�n�t�y� �f�e�e�t�.� �S�o�m�e� �a�n�t�h�r�o�p�o�m�e�t�r�i�c� 

�s�t�u�d�i�e�s� �o�f� �t�h�i�s� �t�y�p�e� �h�a�v�e� �b�e�e�n� �d�o�n�e� �u�s�i�n�g� �d�i�s�t�a�n�c�e�s� �u�p� �t�o� �f�o�r�t�y� �f�e�e�t�.� 

�T�h�e�r�e� �a�r�e� �b�o�t�h� �a�d�v�a�n�t�a�g�e�s� �a�n�d� �d�i�s�a�d�v�a�n�t�a�g�e�s� �o�f� �u�s�i�n�g� �a� �p�h�o�t�o�g�r�a�p�h� �t�o� 

�o�b�t�a�i�n� �q�u�a�n�t�i�f�i�a�b�l�e� �m�e�a�s�u�r�e�m�e�n�t�s� �o�f� �t�h�e� �b�o�d�y�.� �O�n�e� �p�h�o�t�o�g�r�a�p�h� �c�a�p�t�u�r�e�s� 

�m�a�n�y� �b�o�d�y� �d�i�m�e�n�s�i�o�n�s� �a�n�d� �s�e�r�v�e�s� �a�s� �a� �p�e�r�m�a�n�e�n�t� �r�e�c�o�r�d� �o�f� �t�h�e� �b�o�d�y� �w�h�i�c�h� 

�c�a�n� �b�e� �s�t�u�d�i�e�d� �o�v�e�r� �a� �p�e�r�i�o�d� �o�f� �t�i�m�e�.� �T�h�e� �p�r�o�b�l�e�m� �o�f� �s�u�b�j�e�c�t� �f�a�t�i�g�u�e� �i�s� 

�a�l�s�o� �e�l�i�m�i�n�a�t�e�d�.� �T�a�k�i�n�g� �m�e�a�s�u�r�e�m�e�n�t�s� �f�r�o�m� �p�h�o�t�o�g�r�a�p�h�s� �i�s� �a� �n�o�n�-�i�n�v�a�s�i�v�e� 

�p�r�o�c�e�s�s� �a�n�d� �d�o�e�s� �n�o�t� �d�i�s�r�u�p�t� �t�h�e� �n�a�t�u�r�a�l� �p�o�s�i�t�i�o�n� �o�f� �t�h�e� �b�o�d�y�.� �P�r�o�b�l�e�m�s� 

�d�u�e� �t�o� �p�e�r�s�o�n�a�l� �b�i�a�s� �a�n�d� �e�r�r�o�r� �i�n� �m�e�a�s�u�r�e�m�e�n�t�s� �c�o�u�l�d� �a�l�s�o� �b�e� �e�l�i�m�i�n�a�t�e�d� 

�w�i�t�h� �t�h�i�s� �p�r�o�c�e�s�s�.� 

�T�h�e� �d�i�s�a�d�v�a�n�t�a�g�e�s� �o�f� �u�s�i�n�g� �m�e�a�s�u�r�e�m�e�n�t� �m�e�t�h�o�d�s� �w�h�i�c�h� �a�r�e� �b�a�s�e�d� �o�n� 

�t�h�e� �u�s�e� �o�f� �p�h�o�t�o�g�r�a�p�h�y� �a�r�e� �t�h�a�t� �t�h�e�s�e� �m�e�t�h�o�d�s� �r�e�l�y� �o�n� �t�h�e� �i�n�t�e�r�p�r�e�t�a�t�i�o�n� 

�o�f� �t�h�e� �t�w�o�-�d�i�m�e�n�s�i�o�n�a�l� �i�m�a�g�e� �o�f� �a� �t�h�r�e�e�-�d�i�m�e�n�s�i�o�n�a�l� �o�b�j�e�c�t�.� �T�h�e� �d�i�f�f�u�s�e� 

�n�a�t�u�r�e� �o�f� �t�h�e� �h�u�m�a�n� �b�o�d�y� �m�a�k�e�s� �t�h�i�s� �i�n�t�e�r�p�r�e�t�a�t�i�o�n� �e�v�e�n� �m�o�r�e� �d�i�f�f�i�c�u�l�t�.� 

�T�h�e� �b�o�d�y� �i�s� �n�o�t� �a�n� �o�b�j�e�c�t� �m�a�d�e� �u�p� �o�f� �f�l�a�t� �s�i�d�e�s� �w�i�t�h� �e�a�s�i�l�y� �i�d�e�n�t�i�f�i�a�b�l�e� 

�c�o�r�n�e�r�s�.� �D�e�t�e�r�m�i�n�i�n�g� �t�h�e� �e�x�a�c�t� �e�d�g�e� �o�f� �t�h�e� �b�o�d�y� �s�u�r�f�a�c�e� �i�s� �a�n� 

�a�p�p�r�o�x�i�m�a�t�i�o�n� �a�t� �b�e�s�t�.� �S�o�m�e� �r�e�s�e�a�r�c�h�e�r�s� �h�a�v�e� �t�r�i�e�d� �t�o� �m�o�d�e�l� �t�h�e� �b�o�d�y� 

�a�s� �p�o�l�y�h�e�d�r�a� �(�A�p�p�e�l� �&� �S�t�e�i�n�,� �1�9�7�2�)� �r�e�q�u�i�r�i�n�g� �a� �d�e�s�c�r�i�p�t�i�o�n� �o�f� �t�h�e� �o�b�j�e�c�t� 

�i�n� �t�e�r�m�s� �o�f� �v�e�r�t�i�c�e�s�,� �e�d�g�e�s�,� �a�n�d� �f�a�c�e�s�.� �T�h�i�s� �t�y�p�e� �o�f� �m�o�d�e�l�i�n�g� �d�o�e�s� �n�o�t� 

�h�a�n�d�l�e� �c�u�r�v�e�d� �s�u�r�f�a�c�e�s� �a�n�d� �m�o�r�e� �c�o�m�p�l�e�x� �o�b�j�e�c�t�s� �a�n�d� �r�e�s�u�l�t�s� �i�n� �a� 

�s�u�b�s�t�a�n�t�i�a�l� �c�o�m�p�r�e�s�s�i�o�n� �o�f� �t�h�e� �d�a�t�a� �(�B�h�a�n�u�,� �1�9�8�4�)�.� 

�M�e�t�h�o�d�s� �b�a�s�e�d� �o�n� �p�h�o�t�o�g�r�a�p�h�y� �h�a�v�e� �a�n� �a�d�d�i�t�i�o�n�a�l� �l�i�m�i�t�a�t�i�o�n� �w�h�i�c�h� �m�a�y� 

�b�e� �a� �p�r�o�b�l�e�m� �d�e�p�e�n�d�i�n�g� �o�n� �t�h�e� �p�u�r�p�o�s�e� �o�f� �t�h�e� �d�a�t�a� �c�o�l�l�e�c�t�i�o�n�.� 

�P�h�o�t�o�g�r�a�p�h�s� �c�a�n� �o�n�l�y� �a�c�c�o�u�n�t� �f�o�r� �t�h�e� �e�x�t�e�r�i�o�r� �o�f� �t�h�e� �b�o�d�y� �w�i�t�h�o�u�t� �a�n�y� 

�c�o�n�s�i�d�e�r�a�t�i�o�n� �f�o�r� �t�h�e� �d�e�g�r�e�e� �o�f� �c�o�m�p�r�e�s�s�a�b�i�l�i�t�y� �o�f� �s�o�f�t� �b�o�d�y� �p�a�r�t�s



�2�8� 

�p�2� 

�F�i�g�u�r�e� �8�.� �O�v�e�r�h�e�a�d� �v�i�e�w� �o�f� �a� �b�o�d�y� �b�e�i�n�g� �p�h�o�t�o�g�r�a�p�h�e�d� �w�i�t�h� �c�a�m�e�r�a� �a�t� 
�p�o�i�n�t� �p�l� �a�n�d� �d�e�c�r�e�a�s�e� �i�n� �p�a�r�a�l�l�a�x� �w�i�t�h� �c�a�m�e�r�a� �a�t� �p�o�i�n�t� �P



�2�9� 

�(�J�u�r�g�e�n�s�,� �1�9�8�0�)�.� 

�T�h�e� �p�h�o�t�o�g�r�a�p�h�i�c� �m�e�t�h�o�d�s� �c�i�t�e�d� �t�h�u�s� �f�a�r� �h�a�v�e� �d�e�a�l�t� �f�o�r� �t�h�e� �m�o�s�t� �p�a�r�t� 

�w�i�t�h� �e�i�t�h�e�r� �a� �s�u�b�j�e�c�t�i�v�e� �a�n�a�l�y�s�i�s� �o�f� �t�h�e� �t�o�t�a�l� �b�o�d�y� �f�o�r�m� �o�r� �w�i�t�h� 

�o�b�t�a�i�n�i�n�g� �t�w�o�-�d�i�m�e�n�s�i�o�n�a�l� �b�o�d�y� �m�e�a�s�u�r�e�m�e�n�t�s�.� �I�n� �l�o�c�a�t�i�n�g� �p�o�i�n�t�s� �o�n� �t�h�e� 

�b�o�d�y� �s�u�r�f�a�c�e� �t�h�e�s�e� �m�e�t�h�o�d�s� �a�r�e� �c�a�p�a�b�l�e� �o�f� �s�u�p�p�l�y�i�n�g� �o�n�l�y� �t�h�e� �x� �a�n�d� �y� 

�c�o�o�r�d�i�n�a�t�e�s�.� �T�h�e� �t�h�i�r�d� �d�i�m�e�n�s�i�o�n�  ��o�r� �t�h�e� �z� �c�o�o�r�d�i�n�a�t�e�)� �i�s� �s�t�i�l�l� 

�m�i�s�s�i�n�g�.� �T�h�e� �p�i�e�c�e� �o�f� �i�n�f�o�r�m�a�t�i�o�n� �w�h�i�c�h� �i�s� �r�e�l�e�v�a�n�t� �i�n� �d�e�t�e�r�m�i�n�i�n�g� �t�h�e� 

�p�o�s�i�t�i�o�n� �(�x�,�y�,�z�)� �o�f� �a� �p�o�i�n�t� �i�n� �s�p�a�c�e� �i�s� �t�h�e� �r�a�n�g�e� �i�n�f�o�r�m�a�t�i�o�n�,� �i�.�e�.�,� �t�h�e� 

�d�i�s�t�a�n�c�e� �f�r�o�m� �t�h�e� �o�b�j�e�c�t� �t�o� �t�h�e� �c�a�m�e�r�a� �o�r� �a�n�y� �a�r�b�i�t�r�a�r�y� �s�o�u�r�c�e�.� 

�F�o�r� �a�n�y� �s�t�u�d�y� �i�n�v�o�l�v�i�n�g� �m�e�a�s�u�r�e�m�e�n�t� �o�f� �t�h�e� �h�u�m�a�n� �b�o�d�y� �i�t� �i�s� �t�h�e� 

�p�r�o�p�o�s�e�d� �a�p�p�l�i�c�a�t�i�o�n� �o�f� �t�h�e� �d�e�s�i�g�n� �p�r�o�b�l�e�m� �w�h�i�c�h� �d�e�t�e�r�m�i�n�e�s� �t�h�e� �s�a�m�p�l�e� 

�t�o� �b�e� �s�u�r�v�e�y�e�d� �a�n�d� �t�h�e� �i�n�f�o�r�m�a�t�i�o�n� �t�o� �b�e� �g�a�t�h�e�r�e�d� �(�S�t�o�u�d�t�,� �1�9�8�0�)�.� �T�h�e� 

�r�e�s�e�a�r�c�h� �p�r�o�p�o�s�e�d� �b�y� �t�h�i�s� �s�t�u�d�y� �r�e�q�u�i�r�e�s� �t�h�e� �c�o�m�p�i�l�a�t�i�o�n� �o�f� �a� �n�e�w� �d�a�t�a� 

�b�a�s�e� �w�h�i�c�h� �r�e�f�l�e�c�t�s� �m�o�r�e� �i�n�f�o�r�m�a�t�i�o�n� �t�h�a�n� �t�h�a�t� �w�h�i�c�h� �i�s� �p�r�o�v�i�d�e�d� �b�y� 

�t�r�a�d�i�t�i�o�n�a�l� �a�n�t�h�r�o�p�o�m�e�t�r�i�c� �s�t�u�d�i�e�s�.� �A� �m�e�t�h�o�d� �o�f� �m�e�a�s�u�r�i�n�g� �i�n� �t�h�r�e�e� 

�d�i�m�e�n�s�i�o�n�s� �i�s� �r�e�q�u�i�r�e�d� �f�o�r� �t�h�i�s� �s�t�u�d�y�.� 

�M�e�t�h�o�d�s� �o�f� �M�e�a�s�u�r�i�n�g� �t�h�e� �B�o�d�y� �i�n� �T�h�r�e�e� �D�i�m�e�n�s�i�o�n�s� 

�T�h�r�e�e�-�d�i�m�e�n�s�i�o�n�a�l� �a�n�a�l�y�s�i�s� �o�f� �t�h�e� �b�o�d�y� �c�a�n� �b�e� �a�c�c�o�m�p�l�i�s�h�e�d� �e�i�t�h�e�r� 

�b�y� �d�i�r�e�c�t�l�y� �c�o�n�t�a�c�t�i�n�g� �t�h�e� �b�o�d�y� �w�i�t�h� �t�h�e� �m�e�a�s�u�r�i�n�g� �i�n�s�t�r�u�m�e�n�t� �o�r� �t�h�r�o�u�g�h� 

�i�n�d�i�r�e�c�t� �(�n�o�n�-�c�o�n�t�a�c�t�)� �m�e�a�n�s�.� �T�e�c�h�n�o�l�o�g�i�c�a�l� �p�r�o�g�r�e�s�s� �i�s� �e�v�i�d�e�n�t� �i�n� �t�h�e� 

�c�h�a�n�g�i�n�g� �m�e�t�h�o�d�s� �b�y� �w�h�i�c�h� �t�h�e� �b�o�d�y� �f�o�r�m� �h�a�s� �b�e�e�n� �a�n�a�l�y�z�e�d� �o�v�e�r� �m�a�n�y� 

�d�e�c�a�d�e�s�.� �O�r�i�g�i�n�a�l�l�y�,� �i�t� �w�a�s� �n�e�c�e�s�s�a�r�y� �t�o� �e�s�t�a�b�l�i�s�h� �p�h�y�s�i�c�a�l� �c�o�n�t�a�c�t� 

�b�e�t�w�e�e�n� �t�h�e� �b�o�d�y� �a�n�d� �t�h�e� �m�e�a�s�u�r�i�n�g� �i�n�s�t�r�u�m�e�n�t� �i�n� �o�r�d�e�r� �t�o� �o�b�t�a�i�n� �h�u�m�a�n� 

�b�o�d�y� �m�e�a�s�u�r�e�m�e�n�t�s�.� �T�h�i�s� �p�e�r�i�o�d�,� �h�o�w�e�v�e�r�,� �w�a�s� �f�o�l�l�o�w�e�d� �b�y� �o�n�e� �i�n� �w�h�i�c�h� 

�r�e�s�e�a�r�c�h�e�r�s� �d�i�s�c�o�v�e�r�e�d� �t�h�e� �a�d�v�a�n�t�a�g�e�s� �o�f� �n�o�n�-�c�o�n�t�a�c�t� �m�e�t�h�o�d�s�.� �I�n� �n�o�n�-



�3�0� 

�c�o�n�t�a�c�t� �m�e�t�h�o�d�s�,� �i�n�s�t�e�a�d� �o�f� �t�h�e� �m�e�a�s�u�r�i�n�g� �i�n�s�t�r�u�m�e�n�t� �a�c�t�u�a�l�l�y� �c�o�m�i�n�g� 

�i�n�t�o� �c�o�n�t�a�c�t� �w�i�t�h� �t�h�e� �b�o�d�y� �a� �m�e�d�i�u�m� �s�u�c�h� �a�s� �l�i�g�h�t�,� �l�a�s�e�r�s�,� �o�r� �s�o�u�n�d� 

�w�a�v�e�s� �i�s� �d�i�r�e�c�t�e�d� �a�t� �t�h�e� �b�o�d�y�.� �W�h�e�t�h�e�r� �a� �m�e�t�h�o�d� �o�f� �m�e�a�s�u�r�e�m�e�n�t� �i�s� 

�d�i�r�e�c�t� �o�r� �i�n�d�i�r�e�c�t� �( ��c�o�n�t�a�c�t� �o�r� �n�o�n�-�c�o�n�t�a�c�t�)�,� �t�h�e� �s�a�m�e� �i�n�f�o�r�m�a�t�i�o�n� �i�s� 

�d�e�r�i�v�e�d�,� �i�.�e�.�,� �t�h�e� �r�a�n�g�e� �i�n�f�o�r�m�a�t�i�o�n�.� �A� �c�h�a�r�t� �o�f� �t�h�e� �v�a�r�i�o�u�s� �t�h�r�e�e�-� 

�d�i�m�e�n�s�i�o�n�a�l� �m�e�a�s�u�r�i�n�g� �m�e�t�h�o�d�s� �t�o� �b�e� �c�o�v�e�r�e�d� �i�n� �t�h�i�s� �p�a�p�e�r� �a�n�d� �h�o�w� �t�h�e�y� 

�a�r�e� �r�e�l�a�t�e�d� �i�s� �p�r�o�v�i�d�e�d� �i�n� �F�i�g�u�r�e� �9�.� 

�S�y�m�b�o�l�i�z�i�n�g� �t�h�r�e�e�-�d�i�m�e�n�s�i�o�n�a�l� �o�b�j�e�c�t�s� �i�n� �o�t�h�e�r� �t�h�a�n� �p�i�c�t�o�r�a�l� �f�o�r�m� �i�s� 

�d�i�f�f�i�c�u�l�t�.� �M�a�n�y� �m�e�t�h�o�d�s� �w�h�i�c�h� �h�a�v�e� �b�e�e�n� �u�s�e�d� �a�c�t�u�a�l�l�y� �p�r�o�d�u�c�e� �o�n�l�y� �a� 

�r�o�u�g�h� �a�p�p�r�o�x�i�m�a�t�i�o�n� �o�f� �t�h�e� �o�b�j�e�c�t� �(�R�o�b�i�n�s�o�n�,� �S�a�l�e�,� �M�o�r�r�i�s�o�n� �&� �M�u�e�k�r�c�k�e�,� 

�1�9�8�4�)�.� 

�I�n� �o�r�d�e�r� �t�o� �s�p�e�c�i�f�y� �t�h�e� �t�h�r�e�e�-�d�i�m�e�n�s�i�o�n�a�l� �q�u�a�l�i�t�y� �o�f� �a�n� �o�b�j�e�c�t� �a� 

�f�r�a�m�e� �o�f� �r�e�f�e�r�e�n�c�e� �m�u�s�t� �b�e� �e�s�t�a�b�l�i�s�h�e�d�.�  ��T�h�r�e�e�-�d�i�m�e�n�s�i�o�n�a�l� 

�a�n�t�h�r�o�p�o�m�e�t�r�y� �i�s� �t�h�e� �m�e�a�s�u�r�e�m�e�n�t� �o�f� �p�o�i�n�t�s� �o�n� �t�h�e� �h�u�m�a�n� �b�o�d�y� �i�n� �a� �w�e�l�l�-� 

�d�e�f�i�n�e�d� �v�e�c�t�o�r� �s�p�a�c�e �� �(�R�e�y�n�o�l�d�s�,� �1�9�8�0�,� �p�.� �2�6�)�.� �T�h�e� �m�o�s�t� �f�a�m�i�l�i�a�r� �f�r�a�m�e� 

�o�f� �r�e�f�e�r�e�n�c�e� �u�s�e�d� �t�o� �s�p�e�c�i�f�y� �p�o�i�n�t�s� �d�e�f�i�n�i�n�g� �t�h�e� �s�u�r�f�a�c�e�s� �o�f� �a�n� �o�b�j�e�c�t� 

�i�n� �s�p�a�c�e� �i�s� �t�h�e� �C�a�r�t�e�s�i�a�n� �C�o�o�r�d�i�n�a�t�e� �s�y�s�t�e�m�.� �I�n� �t�h�i�s� �s�y�s�t�e�m� �t�h�e� 

�c�o�o�r�d�i�n�a�t�e�s� �o�f� �a� �p�o�i�n�t� �i�n� �s�p�a�c�e� �a�r�e� �t�h�e� �d�i�s�t�a�n�c�e�s� �f�r�o�m� �t�h�e� �p�o�i�n�t� �t�o� �e�a�c�h� 

�o�f� �t�h�r�e�e� �i�n�t�e�r�s�e�c�t�i�n�g�,� �m�u�t�u�a�l�l�y� �p�e�r�p�e�n�d�i�c�u�l�a�r� �p�l�a�n�e�s� �(�A�m�e�r�i�c�a�n� �H�e�r�i�t�a�g�e� 

�D�i�c�t�i�o�n�a�r�y�,� �1�9�7�6�)�.� �T�h�e� �d�a�t�a�,� �s�p�e�c�i�f�i�e�d� �i�n� �x�,� �y�,� �a�n�d� �z� �c�o�o�r�d�i�n�a�t�e�s� �a�r�e� 

�r�e�f�e�r�e�n�c�e�d� �w�i�t�h�i�n� �a� �f�i�x�e�d� �a�x�i�s� �s�y�s�t�e�m�.� �B�y� �u�s�i�n�g� �t�h�i�s� �r�e�f�e�r�e�n�c�e� �s�y�s�t�e�m� 

�a�n�y� �c�o�n�c�e�i�v�a�b�l�e� �p�o�i�n�t� �i�n� �s�p�a�c�e� �c�a�n� �b�e� �s�p�e�c�i�f�i�c�a�l�l�y� �l�o�c�a�t�e�d� �a�n�d� �r�e�l�a�t�e�d� 

�t�o� �a�n�y� �o�t�h�e�r� �p�o�i�n�t�(�s�)�.� 

�C�o�n�t�a�c�t� �T�h�r�e�e�-�D�i�m�e�n�s�i�o�n�a�l� �A�n�a�l�y�s�i�s� 

�T�h�e� �e�a�r�l�i�e�s�t� �t�h�r�e�e�-�d�i�m�e�n�s�i�o�n�a�l� �m�e�a�s�u�r�i�n�g� �d�e�v�i�c�e�s� �r�e�l�i�e�d� �h�e�a�v�i�l�y� �o�n
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�p�r�o�f�i�l�o�m�e�t�r�y� 

� � � � � � � � � � � � � � 
�P�h�a�s�e�-�m�e�a�s�u�r�i�n�g� 

�F�r�a�m�e�w�o�r�k� �f�o�r� �c�o�n�c�e�p�t�u�a�l�i�z�i�n�g� �t�h�r�e�e�-�d�i�m�e�n�s�i�o�n�a�l� �m�e�a�s�u�r�e�m�e�n�t� �F�i�g�u�r�e� �9�.� 
�m�e�t�h�o�d�s� �f�o�r� �t�h�e� �h�u�m�a�n� �b�o�d�y
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�t�h�e� �u�s�e� �o�f� �t�h�e� �C�a�r�t�e�s�i�a�n� �C�o�o�r�d�i�n�a�t�e� �r�e�f�e�r�e�n�c�e� �s�y�s�t�e�m�,� �t�o� �t�h�e� �p�o�i�n�t� �o�f� 

�p�h�y�s�i�c�a�l�l�y� �e�n�c�l�o�s�i�n�g� �t�h�e� �o�b�j�e�c�t� �t�o� �b�e� �m�e�a�s�u�r�e�d� �i�n� �a� �c�u�b�e� �r�e�p�r�e�s�e�n�t�i�n�g� 

�t�h�e� �x�,� �y�,� �a�n�d� �Z�z� �a�x�e�s�.� �A�f�t�e�r� �t�h�i�s� �t�y�p�e� �o�f� �r�e�f�e�r�e�n�c�e� �s�y�s�t�e�m� �i�s� 

�e�s�t�a�b�l�i�s�h�e�d� �m�e�a�s�u�r�e�m�e�n�t�s� �c�a�n� �b�e� �m�e�c�h�a�n�i�c�a�l�l�y� �t�a�k�e�n� �f�r�o�m� �t�h�e� �r�e�f�e�r�e�n�c�e� 

�p�l�a�n�e� �t�o� �a�n�y� �p�o�i�n�t� �m�a�r�k�e�d� �o�n� �t�h�e� �b�o�d�y�.� �I�n� �t�h�e�s�e� �t�y�p�e�s� �o�f� �m�e�t�h�o�d�s� �t�h�e� 

�b�o�d�y� �i�s� �d�i�r�e�c�t�l�y� �c�o�n�t�a�c�t�e�d� �b�y� �t�h�e� �m�e�a�s�u�r�i�n�g� �i�n�s�t�r�u�m�e�n�t�.� �T�h�e� �p�h�y�s�i�c�a�l� 

�c�o�n�t�a�c�t� �m�e�t�h�o�d�s� �a�r�e� �s�o�m�e�t�i�m�e�s� �r�e�f�e�r�r�e�d� �t�o� �a�s� �d�i�r�e�c�t� �b�i�o�s�t�e�r�e�o�m�e�t�r�y� �o�r� 

�b�i�o�s�t�e�r�e�o�m�e�t�r�i�c�s� �(�I�g�n�a�z�i�,� �M�o�l�l�a�r�d� �a�n�d�,� �C�o�b�l�e�n�t�z�,� �1�9�8�0�)�.� �I�n� 

�b�i�o�s�t�e�r�e�o�m�e�t�r�y� �t�h�r�e�e�-�d�i�m�e�n�s�i�o�n�a�l� �a�n�a�l�y�s�i�s� �o�f� �t�h�e� �b�o�d�y� �i�s� �b�a�s�e�d� �o�n� �t�h�e� 

�p�r�i�n�c�i�p�l�e�s� �o�f� �a�n�a�l�y�t�i�c�a�l� �g�e�o�m�e�t�r�y� �(�H�e�r�r�o�n�,� �1�9�7�2�)�.� 

�B�y� �p�l�a�c�i�n�g� �r�i�g�i�d� �w�a�l�l�s� �o�n� �t�w�o� �o�r� �m�o�r�e� �s�i�d�e�s� �o�f� �t�h�e� �b�o�d�y� �a�n�y� �p�o�i�n�t� �o�n� 

�t�h�e� �b�o�d�y� �s�u�r�f�a�c�e� �c�a�n� �b�e� �l�o�c�a�t�e�d� �b�y� �m�e�a�s�u�r�i�n�g� �t�h�e� �d�i�s�t�a�n�c�e� �b�e�t�w�e�e�n� �e�a�c�h� 

�r�i�g�i�d� �w�a�l�l� �a�n�d� �t�h�e� �p�o�i�n�t�.� �L�a�n�g�e ��s� �m�e�t�h�o�d� �(�1�9�7�6�)� �u�t�i�l�i�z�e�s� �t�h�i�s� �t�y�p�e� �o�f� 

�c�u�b�e� �w�i�t�h� �c�o�r�d�s� �a�t�t�a�c�h�e�d� �t�o� �t�h�e� �w�a�l�l�s� �t�o� �m�e�a�s�u�r�e� �t�h�e� �x�,� �y�,� �a�n�d� �z� 

�d�i�s�t�a�n�c�e�s� �t�o� �b�o�d�y� �p�o�i�n�t�s�.� �I�n� �t�h�e� �M�o�r�a�n�t� �t�e�c�h�n�i�q�u�e�,� �a� �s�e�t� �o�f� �g�r�i�d�s� �i�s� 

�a�t�t�a�c�h�e�d� �t�o� �t�h�e� �c�o�r�n�e�r� �o�f� �t�w�o� �o�r�t�h�o�g�o�n�a�l� �v�e�r�t�i�c�a�l� �w�a�l�l�s�.� �T�h�e� �s�u�b�j�e�c�t� �i�s� 

�p�l�a�c�e�d� �i�n� �f�r�o�n�t� �o�f� �t�h�e� �g�r�i�d� �a�n�d� �t�h�e�n� �d�i�s�t�a�n�c�e�s� �a�r�e� �m�e�a�s�u�r�e�d� �b�e�t�w�e�e�n� �b�o�d�y� 

�l�a�n�d�m�a�r�k�s� �a�n�d� �t�h�e� �g�r�i�d� �(�s�e�e� �F�i�g�u�r�e� �1�0�)�.� 

�L�o�v�e�s�e�y� �(�1�9�7�4�)� �u�s�e�d� �a� �p�h�y�s�i�c�a�l� �c�o�n�t�a�c�t� �m�e�t�h�o�d� �i�n� �m�e�a�s�u�r�i�n�g� �t�h�e� �h�u�m�a�n� 

�f�a�c�e�.� �T�h�e� �m�e�t�h�o�d� �i�s� �c�o�m�p�r�i�s�e�d� �o�f� �a� �m�a�t�r�i�x� �o�f� �r�o�d�s� �h�e�l�d� �i�n� �a� �m�e�t�a�l� �p�l�a�t�e� 

�a�n�d� �p�o�s�i�t�i�o�n�e�d� �i�n� �f�r�o�n�t� �o�f� �t�h�e� �s�u�b�j�e�c�t�'�s� �f�a�c�e�.� �T�h�e� �r�o�d�s� �a�r�e� �p�u�s�h�e�d� 

�t�h�r�o�u�g�h� �t�h�e� �p�l�a�t�e� �u�n�t�i�l� �t�h�e�y� �c�o�n�t�a�c�t� �t�h�e� �f�a�c�i�a�l� �t�i�s�s�u�e�.� �B�y� �r�e�a�d�i�n�g� �t�h�e� 

�p�o�s�i�t�i�o�n� �o�f� �t�h�e� �r�o�d� �i�n� �t�h�e� �p�l�a�t�e� �t�h�e� �c�o�o�r�d�i�n�a�t�e�s� �o�f� �e�a�c�h� �p�o�i�n�t� �c�a�n� �b�e� 

�d�e�t�e�r�m�i�n�e�d�.� 

�A� �c�o�n�t�o�u�r�-�g�r�a�p�h� �i�n�s�t�r�u�m�e�n�t� �w�a�s� �d�e�v�e�l�o�p�e�d� �b�y� �A�b�d�e�l�-�A�z�i�z� �a�n�d� �H�e�r�r�o�n� 

�(�1�9�7�4�)� �t�o� �m�e�a�s�u�r�e� �t�h�e� �s�h�a�p�e� �a�n�d� �v�o�l�u�m�e� �o�f� �a�n� �a�m�p�u�t�a�t�i�o�n� �s�t�u�m�p�.� �T�h�e
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� � 
�F�i�g�u�r�e� �1�0�.� �T�h�e� �M�o�r�a�n�t� �t�e�c�h�n�i�q�u�e� �o�f� �t�h�r�e�e�-�d�i�m�e�n�s�i�o�n�a�l� �m�e�a�s�u�r�i�n�g� 

�N�o�t�e�.� �F�r�o�m� �E�n�g�i�n�e�e�r�i�n�g� �P�h�y�s�i�o�l�o�g�y� �(�p�.� �9�)� �b�y� �K�.�H�.�E�.� �K�r�o�e�m�e�r�,� �H�.�J�.� 
�K�r�o�e�m�e�r�,� �K�.�E�.� �K�r�o�e�m�e�r�-�E�l�b�e�r�t�,� �1�9�8�6�,� �A�m�s�t�e�r�d�a�m�:� �E�l�s�e�v�i�e�r� �P�r�e�s�s�.� 

�(�R�e�p�r�i�n�t�e�d� �w�i�t�h� �p�e�r�m�i�s�s�i�o�n�)
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�i�n�s�t�r�u�m�e�n�t� �r�e�c�o�r�d�s� �t�h�e� �c�r�o�s�s�-�s�e�c�t�i�o�n� �o�f� �t�h�e� �a�m�p�u�t�a�t�e�d� �s�t�u�m�p� �b�y� �e�m�p�l�o�y�i�n�g� 

�a�  ��f�e�e�l�e�r�.�"� �T�h�e� �f�e�e�l�e�r� �r�o�t�a�t�e�s� �3�6�0�°� �a�r�o�u�n�d� �t�h�e� �s�t�u�m�p� �w�h�i�l�e� �m�a�i�n�t�a�i�n�i�n�g� 

�g�e�n�t�l�e� �c�o�n�t�a�c�t� �w�i�t�h� �t�h�e� �s�k�i�n� �s�u�r�f�a�c�e�.� �C�r�o�s�s�-�s�e�c�t�i�o�n�a�l� �d�a�t�a� �c�a�n� �b�e� 

�r�e�p�r�e�s�e�n�t�e�d� �e�i�t�h�e�r� �g�r�a�p�h�i�c�a�l�l�y� �o�r� �n�u�m�e�r�i�c�a�l�l�y�.� 

�A� �m�e�c�h�a�n�i�c�a�l� �t�h�r�e�e�-�d�i�m�e�n�s�i�o�n�a�l� �a�n�t�h�r�o�p�o�m�e�t�e�r� �w�a�s� �u�s�e�d� �i�n� �a� �1�9�7�2� 

�s�t�u�d�y� �t�o� �c�o�l�l�e�c�t� �d�a�t�a� �o�n� �2�8�1� �f�e�m�a�l�e� �f�l�i�g�h�t� �a�t�t�e�n�d�a�n�t� �t�r�a�i�n�e�e�s� �(�s�e�e� 

�F�i�g�u�r�e� �1�1�)�.� �A�l�t�h�o�u�g�h� �t�h�e�s�e� �d�a�t�a� �d�o� �n�o�t� �d�e�s�c�r�i�b�e� �t�h�e� �b�o�d�y� �s�u�r�f�a�c�e�,� �t�h�e�y� 

�d�o� �l�o�c�a�t�e� �b�o�d�y� �l�a�n�d�m�a�r�k�s� �i�n� �t�h�r�e�e�-�d�i�m�e�n�s�i�o�n�a�l� �s�p�a�c�e�.� �T�h�e� �r�e�l�a�t�i�o�n�s�h�i�p� 

�b�e�t�w�e�e�n� �t�h�e�s�e� �l�a�n�d�m�a�r�k�s� �d�e�s�c�r�i�b�e�s� �t�h�e� �p�o�s�t�u�r�e� �o�f� �e�a�c�h� �f�e�m�a�l�e� �s�u�b�j�e�c�t� 

�(�R�e�y�n�o�l�d�s�,� �1�9�8�0�)�.� 

�T�h�e� �m�e�a�s�u�r�i�n�g� �s�t�a�n�d� �u�s�e�d� �i�n� �t�h�e� �H�u�t�c�h�i�n�s�o�n� �&� �M�u�n�d�e�n� �(�1�9�7�8�a� �&� �b�)� 

�r�e�s�e�a�r�c�h� �i�s� �a�n�o�t�h�e�r� �t�y�p�e� �o�f� �t�h�r�e�e�-�d�i�m�e�n�s�i�o�n�a�l� �a�n�t�h�r�o�p�o�m�e�t�e�r�.� �I�t� �w�a�s� 

�b�u�i�l�t� �f�o�r� �t�h�e� �s�t�u�d�y� �w�i�t�h� �v�e�r�t�i�c�a�l� �u�p�r�i�g�h�t�s� �e�q�u�i�p�p�e�d� �w�i�t�h� �a�d�j�u�s�t�a�b�l�e� 

�c�r�o�s�s� �b�a�r�s� �(�s�e�e� �F�i�g�u�r�e� �1�2�)�.� �T�h�e� �u�p�r�i�g�h�t� �m�e�m�b�e�r� �i�s� �u�s�e�d� �a�s� �a� �b�a�s�e�l�i�n�e� 

�f�o�r� �o�b�t�a�i�n�i�n�g� �d�e�p�t�h� �m�e�a�s�u�r�e�m�e�n�t�s� �o�f� �t�h�e� �b�o�d�y�.� �S�p�e�c�i�a�l� �a�d�j�u�s�t�a�b�l�e� 

�p�r�o�t�r�a�c�t�o�r�s� �a�r�e� �a�l�s�o� �u�s�e�d� �t�o� �d�e�t�e�r�m�i�n�e� �a�n�g�l�e�s� �i�n� �t�h�e� �s�h�o�u�l�d�e�r� �a�r�e�a�.� 

�H�u�t�c�h�i�n�s�o�n� �&� �M�u�n�d�e�n� �m�e�a�s�u�r�e�d� �t�h�e� �s�h�o�u�l�d�e�r� �s�l�o�p�e� �a�n�d� �f�o�r�w�a�r�d� �a�n�g�l�e� �o�f� �t�h�e� 

�s�h�o�u�l�d�e�r� �b�o�t�h� �b�y� �u�s�i�n�g� �t�h�e� �p�r�o�t�r�a�c�t�o�r�s� �a�n�d� �b�y� �m�e�a�s�u�r�i�n�g� �d�i�s�t�a�n�c�e�s� �w�i�t�h� 

�t�h�e� �m�e�a�s�u�r�i�n�g� �f�r�a�m�e� �a�n�d� �t�h�e�n� �c�a�l�c�u�l�a�t�i�n�g� �t�h�e� �a�n�g�l�e�s�.� �T�h�e�s�e� �a�n�g�l�e�s� 

�d�e�r�i�v�e�d� �b�y� �t�h�e� �m�e�t�h�o�d�s� �c�o�r�r�e�s�p�o�n�d�e�d� �c�l�o�s�e�l�y� �w�i�t�h� �e�a�c�h� �o�t�h�e�r�.� 

�P�h�y�s�i�c�a�l� �c�o�n�t�a�c�t� �m�e�t�h�o�d�s� �s�u�c�h� �a�s� �t�h�o�s�e� �d�e�s�c�r�i�b�e�d� �a�b�o�v�e� �a�r�e� �t�h�e� 

�s�i�m�p�l�e�s�t� �a�p�p�r�o�a�c�h� �t�o� �t�h�e� �t�h�r�e�e�-�d�i�m�e�n�s�i�o�n�a�l� �m�e�a�s�u�r�e�m�e�n�t� �o�f� �b�o�d�y� �s�h�a�p�e�.� 

�R�e�a�d�i�n�g�s� �a�r�e� �t�a�k�e�n� �d�i�r�e�c�t�l�y� �f�r�o�m� �a�n� �i�n�s�t�r�u�m�e�n�t� �a�f�t�e�r� �i�t� �i�s� �p�r�o�p�e�r�l�y� 

�p�o�s�i�t�i�o�n�e�d� �i�n� �r�e�l�a�t�i�o�n� �t�o� �t�h�e� �b�o�d�y�.� �T�h�e�s�e� �m�e�t�h�o�d�s� �a�r�e� �a�l�s�o� �t�h�e� �m�o�s�t� 

�t�e�d�i�o�u�s�,� �c�u�m�b�e�r�s�o�m�e� �a�n�d� �t�i�m�e�-�c�o�n�s�u�m�i�n�g�.� �S�i�n�c�e� �e�a�c�h� �o�f� �t�h�e�s�e� �m�e�t�h�o�d�s� 

�r�e�q�u�i�r�e�s� �p�o�s�i�t�i�o�n�i�n�g� �o�f� �a�n� �i�n�s�t�r�u�m�e�n�t� �a�n�d� �r�e�c�o�r�d�i�n�g� �o�f� �d�a�t�a� �t�o� �b�e� �d�o�n�e
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� � � � � � � � � � � � � � �J� 
�F�i�g�u�r�e� �l�l� �,� �3�-�d� �a�n�t�h�r�o�p�o�m�e�t�e�r� �u�s�e�d� �i�n� �1�9�7�2� �F�A�A� �s�t�u�d�y� 

�N�o�t�e�.� �"�T�h�e� �h�u�m�a�n� �m�a�c�h�i�n�e� �i�n� �t�h�r�e�e� �d�i�m�e�n�s�i�o�n�s�:� �I�m�p�l�i�c�a�t�i�o�n�s� �f�o�r� 
�m�e�a�s�u�r�e�m�e�n�t� �a�n�d� �a�n�a�l�y�s�i�s�"� �b�y� �H�.�M�.� �R�e�y�n�o�l�d�s�,� �1�9�8�0�,� �i�n� �R�.� �E�a�s�t�e�r�b�y�,� 
�K�.�H�.�E�.� �K�r�o�e�m�e�r�,� �a�n�d� �D�.�B�.� �C�h�a�f�f�i�n� �(�E�d�s�.�)�,� �A�n�t�h�r�o�p�o�m�e�t�r�y� �a�n�d� �B�i�o�m�e�c�h�a�n�i�c�s�,� 
�T�h�e�o�r�y� �a�n�d� �A�p�p�l�i�c�a�t�i�o�n�,� �N�e�w� �Y�o�r�k�:� �P�l�e�n�u�m� �P�r�e�s�s�,� �p�.� �2�8�.
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� � 
�F�i�g�u�r�e� �1�2�.� �M�e�a�s�u�r�i�n�g� �s�t�a�n�d� �u�s�e�d� �i�n� �H�u�t�c�h�i�n�s�o�n� �&� �M�u�n�d�e�n� �s�t�u�d�y� 

�N�o�t�e�.� �F�r�o�m� �"�T�h�e� �g�e�o�m�e�t�r�i�c�a�l� �r�e�q�u�i�r�e�m�e�n�t�s� �o�f� �p�a�t�t�e�r�n�s� �f�o�r� �w�o�m�e�n�'�s� 
�g�a�r�m�e�n�t�s� �t�o� �a�c�h�i�e�v�e� �s�a�t�i�s�f�a�c�t�o�r�y� �f�i�t�"� �P�a�r�t� �I� �b�y� �R�.� �H�u�t�c�h�i�n�s�o�n� �&� �D�.�L�.� 
�M�u�n�d�e�n�,� �1�9�7�8�a�,� �C�l�o�t�h�i�n�g� �R�e�s�e�a�r�c�h� �J�o�u�r�n�a�l�,� �6�,� �p�.� �7�5�.� 

�(�R�e�p�r�i�n�t�e�d� �w�i�t�h� �p�e�r�m�i�s�s�i�o�n�)
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�b�y� �a� �h�u�m�a�n� �o�p�e�r�a�t�o�r� �t�h�e� �l�i�k�e�l�i�h�o�o�d� �o�f� �h�u�m�a�n� �e�r�r�o�r� �i�s� �m�u�c�h� �g�r�e�a�t�e�r�.� 

�T�r�i�a�n�g�u�l�a�t�i�o�n� �M�e�t�h�o�d�s� 

�"�T�t� �i�s� �a� �p�r�i�n�c�i�p�l�e� �o�f� �g�e�o�m�e�t�r�y� �t�h�a�t� �i�f� �t�h�r�e�e� �v�e�c�t�o�r�s� �m�e�e�t�i�n�g� �a�t� �a� 

�p�o�i�n�t� �a�r�e� �k�n�o�w�n�,� �i�t� �i�s� �p�o�s�s�i�b�l�e� �t�o� �d�e�f�i�n�e� �t�h�a�t� �p�o�i�n�t� �i�n� �s�p�a�c�e�"� �(�B�u�r�w�e�l�l�,� 

�1�9�7�7�,� �p�.�5�7�)�.� �T�h�i�s� �i�s� �t�h�e� �p�r�i�n�c�i�p�l�e� �u�p�o�n� �w�h�i�c�h� �t�h�e� �t�h�e�o�r�y� �o�f� 

�t�r�i�a�n�g�u�l�a�t�i�o�n� �i�s� �b�a�s�e�d�.� �T�r�i�a�n�g�u�l�a�t�i�o�n� �m�e�t�h�o�d�s� �u�t�i�l�i�z�e� �t�h�e� �p�r�i�n�c�i�p�l�e�s� 

�o�f� �a�n�a�l�y�t�i�c� �g�e�o�m�e�t�r�y� �t�o� �d�e�r�i�v�e� �r�a�n�g�e� �i�n�f�o�r�m�a�t�i�o�n� �( ��s�e�e� �F�i�g�u�r�e� �1�3�)�.� 

�T�r�i�a�n�g�u�l�a�t�i�o�n� �w�a�s� �d�e�v�e�l�o�p�e�d� �f�o�r� �u�s�e� �i�n� �n�a�v�i�g�a�t�i�o�n� �a�n�d� �s�u�r�v�e�y�i�n�g�.� �I�t� �w�a�s� 

�o�n�l�y� �l�a�t�e�r� �t�h�a�t� �i�t� �w�a�s� �a�p�p�l�i�e�d� �t�o� �t�h�e� �b�o�d�y� �a�n�d� �m�e�d�i�c�a�l� �p�r�o�b�l�e�m�s�.� 

�M�o�s�t� �m�e�t�h�o�d�s� �w�h�i�c�h� �e�m�p�l�o�y� �t�h�e� �u�s�e� �o�f� �t�r�i�a�n�g�u�l�a�t�i�o�n� �a�r�e� �n�o�n�-�c�o�n�t�a�c�t� 

�m�e�t�h�o�d�s� �o�f� �m�e�a�s�u�r�e�m�e�n�t� �(�s�e�e� �F�i�g�u�r�e� �1�4� �f�o�r� �a� �c�h�a�r�t� �o�f� �n�o�n�-�c�o�n�t�a�c�t� 

�t�r�i�a�n�g�u�l�a�t�i�o�n� �m�e�t�h�o�d�s�)�.� �B�e�c�a�u�s�e� �c�o�n�t�a�c�t� �w�i�t�h� �t�h�e� �b�o�d�y� �i�s� �n�o�t� 

�e�s�t�a�b�l�i�s�h�e�d�,� �d�e�t�e�r�m�i�n�i�n�g� �t�h�e� �d�i�s�t�a�n�c�e� �f�r�o�m� �a� �r�e�f�e�r�e�n�c�e� �p�l�a�n�e� �s�u�c�h� �a�s� �t�h�e� 

�c�a�m�e�r�a� �o�r� �t�h�e� �w�a�l�l� �o�f� �a� �c�u�b�e� �m�u�s�t� �b�e� �a�c�c�o�m�p�l�i�s�h�e�d� �t�h�r�o�u�g�h� �c�a�l�c�u�l�a�t�i�o�n�s�.� 

�H�o�w�e�v�e�r�,� �a�t� �l�e�a�s�t� �o�n�e� �m�e�t�h�o�d� �w�h�i�c�h� �i�n�v�o�l�v�e�s� �p�h�y�s�i�c�a�l�l�y� �c�o�n�t�a�c�t�i�n�g� 

�t�h�e� �b�o�d�y� �e�m�p�l�o�y�s� �t�h�e� �t�r�i�a�n�g�u�l�a�t�i�o�n� �p�r�i�n�c�i�p�l�e�.� �T�h�e� �v�e�c�t�o�r�-�s�t�e�r�e�o�g�r�a�p�h� 

�w�a�s� �u�s�e�d� �b�y� �M�o�r�r�i�s� �a�n�d� �H�a�r�r�i�s� �(�1�9�7�6�)� �t�o� �r�e�c�o�r�d� �t�h�e� �s�i�z�e� �a�n�d� �s�h�a�p�e� �o�f� �t�h�e� 

�t�r�u�n�k�'�s� �s�u�r�f�a�c�e� �i�n� �s�c�o�l�i�o�s�i�s� �p�a�t�i�e�n�t�s�.� �T�h�e� �f�r�a�m�e� �o�f� �t�h�e� �a�p�p�a�r�a�t�u�s� 

�c�o�n�t�a�i�n�s� �f�e�e�d� �b�o�b�b�i�n�s� �a�n�d� �s�t�r�i�n�g� �a�t�t�a�c�h�e�d� �t�o� �a� �v�e�c�t�o�r� �f�o�c�a�l�-�p�o�i�n�t�.� �T�h�e� 

�f�o�c�a�l�-�p�o�i�n�t� �i�s� �m�a�n�u�a�l�l�y� �m�o�v�e�d� �o�v�e�r� �t�h�e� �b�a�c�k� �o�f� �e�a�c�h� �s�u�b�j�e�c�t� �a�n�d� �t�h�e� 

�l�e�n�g�t�h� �a�n�d� �d�i�r�e�c�t�i�o�n� �o�f� �e�a�c�h� �s�t�r�i�n�g� �i�s� �r�e�c�o�r�d�e�d�.� �T�h�e�s�e� �v�e�c�t�o�r�s� �a�r�e� 

�s�t�o�r�e�d� �o�n� �m�a�g�n�e�t�i�c� �t�a�p�e� �a�n�d� �u�s�e�d� �t�o� �p�r�o�d�u�c�e� �c�o�n�t�o�u�r� �m�a�p�s�,� �c�r�o�s�s� �s�e�c�t�i�o�n�s� 

�a�n�d� �p�e�r�s�p�e�c�t�i�v�e�s� �o�f� �t�h�e� �b�a�c�k�.
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�F�i�g�u�r�e� �1�3�.� �A�n�a�l�y�t�i�c� �g�e�o�m�e�t�r�y� �p�r�i�n�c�i�p�l�e�s� �g�o�v�e�r�n�i�n�g� �m�e�t�h�o�d�s� 
�b�a�s�e�d� �o�n� �t�r�i�a�n�g�u�l�a�t�i�o�n� 

�N�o�t�e�.� �F�r�o�m� �"�B�i�o�s�t�e�r�e�o�m�e�t�r�i�c�s�,� �s�h�a�p�e� �r�e�p�l�i�c�a�t�i�o�n� �a�n�d� �o�r�t�h�o�p�a�e�d�i�c�s�"� 
�b�y� �R�.�G�.� �B�u�r�w�e�l�l�,� �1�9�7�7�,� �P�r�o�c�e�e�d�i�n�g�s� �o�f� �t�h�e� �O�r�t�h�o�p�a�e�d�i�c� �E�n�g�i�n�e�e�r�i�n�g� 
�C�o�n�f�e�r�e�n�c�e�,� �p�.� �5�6�.� 

� � 

�(�R�e�p�r�i�n�t�e�d� �w�i�t�h� �p�e�r�m�i�s�s�i�o�n�)
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�P�h�a�s�e�-�m�e�a�s�u�r�i�n�g� �p�r�o�f�i�l�o�m�e�t�r� 

�F�i�g�u�r�e� �1�4�.� �F�r�a�m�e�w�o�r�k� �f�o�r� �c�o�n�c�e�p�t�u�a�l�i�z�i�n�g� �n�o�n�-�c�o�n�t�a�c�t� �t�h�r�e�e�-�d�i�m�e�n�s�i�o�n�a�l� 

�m�e�a�s�u�r�e�m�e�n�t� �m�e�t�h�o�d�s� �b�a�s�e�d� �o�n� �t�r�i�a�n�g�u�l�a�t�i�o�n



�4�0� 

�N�o�n�-�C�o�n�t�a�c�t� �T�h�r�e�e�-�D�i�m�e�n�s�i�o�n�a�l� �A�n�a�l�y�s�i�s� 

�I�n�d�i�r�e�c�t� �m�e�a�s�u�r�e�m�e�n�t� �m�e�t�h�o�d�s� �h�a�v�e� �a�n� �a�d�v�a�n�t�a�g�e� �o�v�e�r� �d�i�r�e�c�t� 

�m�e�a�s�u�r�e�m�e�n�t� �m�e�t�h�o�d�s� �s�i�m�p�l�y� �b�e�c�a�u�s�e� �t�h�e�y� �d�o� �n�o�t� �i�n�v�o�l�v�e� �c�o�n�t�a�c�t�i�n�g� �t�h�e� 

�b�o�d�y� �w�i�t�h� �t�h�e� �i�n�s�t�r�u�m�e�n�t� �i�t�s�e�l�f�.� �I�n�s�t�e�a�d� �o�f� �t�h�e� �i�n�s�t�r�u�m�e�n�t� �c�o�m�i�n�g� �i�n�t�o� 

�c�o�n�t�a�c�t� �w�i�t�h� �t�h�e� �b�o�d�y� �a� �m�e�d�i�u�m� �i�s� �p�r�o�j�e�c�t�e�d� �t�o� �t�h�e� �s�u�r�f�a�c�e� �b�e�i�n�g� 

�m�e�a�s�u�r�e�d�.� �W�h�e�r�e�a�s� �t�h�e� �c�o�n�t�a�c�t� �o�f� �a�n� �i�n�s�t�r�u�m�e�n�t� �a�g�a�i�n�s�t� �t�h�e� �s�k�i�n� �m�a�y� 

�c�a�u�s�e� �a� �r�e�a�c�t�i�o�n� �t�h�e� �c�o�n�t�a�c�t� �o�f� �a� �m�e�d�i�u�m� �w�i�l�l� �n�o�t�.� 

�T�r�i�a�n�g�u�l�a�t�i�o�n� �M�e�t�h�o�d�s� 

�s�t�e�r�e�o� �I�m�a�g�e�s� 
�S�t�e�r�e�o� �i�m�a�g�i�n�g�,� �o�r� �s�t�e�r�e�o�p�h�o�t�o�g�r�a�p�h�y�,� �i�n�v�o�l�v�e�s� �l�o�o�k�i�n�g� �a�t� �a�n� �o�b�j�e�c�t� 

�S�i�m�u�l�t�a�n�e�o�u�s�l�y� �f�r�o�m� �t�w�o� �(�o�r� �m�o�r�e�)� �p�o�i�n�t�s� �o�f� �v�i�e�w� �(�H�e�r�r�o�n�,� �1�9�7�2�)�.� �T�h�e� 

�s�c�i�e�n�c�e� �o�f� �m�e�a�s�u�r�i�n�g� �a�n�d� �d�e�s�c�r�i�b�i�n�g� �t�h�e� �t�h�r�e�e�-�d�i�m�e�n�s�i�o�n�a�l� �f�o�r�m� �o�f� 

�b�i�o�l�o�g�i�c�a�l� �o�b�j�e�c�t�s� �i�n� �m�a�t�h�e�m�a�t�i�c�a�l� �t�e�r�m�s� �i�s� �k�n�o�w�n� �a�s� �b�i�o�s�t�e�r�e�o�m�e�t�r�i�c�s� 

�(�W�h�i�t�t�l�e�,� �H�e�r�r�o�n� �&� �C�u�z�z�i�,� �1�9�7�7�)�.� 

�T�h�e� �l�a�y�o�u�t� �f�o�r� �s�t�e�r�e�o�p�h�o�t�o�g�r�a�m�m�e�t�r�y� �i�s� �s�h�o�w�n� �i�n� �F�i�g�u�r�e� �1�5�.� 

�S�i�m�u�l�t�a�n�e�o�u�s� �p�h�o�t�o�g�r�a�p�h�s� �a�r�e� �t�a�k�e�n� �o�f� �t�h�e� �s�u�b�j�e�c�t� �b�y� �p�a�i�r�e�d� �c�a�m�e�r�a�s�,� 

�u�s�u�a�l�l�y� �f�r�o�m� �b�o�t�h� �f�r�o�n�t� �a�n�d� �b�a�c�k�.� �"�T�h�e� �s�u�b�j�e�c�t� �s�t�a�n�d�s� �b�e�t�w�e�e�n� �t�w�o� 

�c�o�n�t�r�o�l� �s�t�a�n�d�s�,� �w�h�i�c�h� �p�r�o�v�i�d�e� �d�i�m�e�n�s�i�o�n�a�l� �i�n�f�o�r�m�a�t�i�o�n� �i�n� �t�h�e� �t�h�r�e�e� 

�o�r�t�h�o�g�o�n�a�l� �a�x�e�s�"� �(�W�h�i�t�t�l�e� �e�t� �a�l�.�,� �1�9�7�7�,� �p�.� �1�9�8�)�.� �T�h�e� �p�h�o�t�o�g�r�a�p�h�s� �a�r�e� 

�t�a�k�e�n� �w�i�t�h� �a�n� �o�v�e�r�l�a�p� �s�o� �t�h�a�t� �a�l�l� �p�o�i�n�t�s� �o�n� �t�h�e� �o�b�j�e�c�t� �a�r�e� �v�i�s�i�b�l�e� �i�n� 

�e�a�c�h� �p�h�o�t�o�g�r�a�p�h� �(�H�a�l�l�e�r�t�,� �1�9�6�0�)�.� �T�h�e� �p�a�i�r�e�d� �o�v�e�r�l�a�p�p�i�n�g� �p�h�o�t�o�g�r�a�p�h�s� �a�r�e� 

�o�r�i�e�n�t�e�d� �i�n� �a� �s�t�e�r�e�o�p�l�o�t�t�e�r� �w�h�i�c�h� �f�o�r�m�s� �a� �3�-�D� �m�o�d�e�l� �o�f� �t�h�e� �o�b�j�e�c�t�.� �T�h�e� 

�3�-�D� �m�o�d�e�l� �i�s� �f�o�r�m�e�d� �b�y� �u�s�i�n�g� �p�r�o�j�e�c�t�o�r�s� �w�h�i�c�h� �a�r�e� �g�i�v�e�n� �t�h�e� �s�a�m�e� 

�r�e�l�a�t�i�v�e� �o�r�i�e�n�t�a�t�i�o�n� �a�s� �t�h�e� �c�a�m�e�r�a� �h�a�d� �i�n� �t�h�e� �m�o�m�e�n�t�s� �o�f� �e�x�p�o�s�u�r�e�.� �T�h�e� 

�c�o�r�r�e�s�p�o�n�d�i�n�g� �r�a�y�s� �f�r�o�m� �t�h�e� �p�r�o�j�e�c�t�o�r�s� �w�i�l�l� �i�n�t�e�r�s�e�c�t�.
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�F�i�g�u�r�e� �1�5�.� �T�h�e� �s�e�t� �u�p� �f�o�r� �s�t�e�r�e�o�p�h�o�t�o�g�r�a�m�m�e�t�r�y� 

�N�o�t�e�.� �F�r�o�m� �"�A� �p�o�r�t�a�b�l�e� �d�u�a�l� �c�a�m�e�r�a� �s�y�s�t�e�m� �f�o�r� �b�i�o�s�t�e�r�e�o�m�e�t�r�i�c�s�"� 
�b�y� �J�.�E�.� �H�u�g�g�,� �1�9�7�4�,� �P�r�o�c�e�e�d�i�n�g�s� �o�f� �t�h�e� �S�y�m�p�o�s�i�u�m� �o�f� �C�o�m�m�i�s�s�i�o�n� �V�,� 
�I�n�t�e�r�n�a�t�i�o�n�a�l� �S�o�c�i�e�t�y� �f�o�r� �P�h�o�t�o�g�r�a�m�m�e�t�r�y� �o�n� �B�i�o�m�e�d�i�c�a�l� �a�n�d� �B�i�o�-� 
�e�n�g�i�n�e�e�r�i�n�g� �A�p�p�l�i�c�a�t�i�o�n�s� �o�f� �P�h�o�t�o�g�r�a�m�m�e�t�r�y�,� �p�.� �1�2�1�.� 

�(�R�e�p�r�i�n�t�e�d� �w�i�t�h� �p�e�r�m�i�s�s�i�o�n�)� 

� 



�4�2� 

�T�h�e� �b�u�n�d�l�e� �o�f� �r�a�y�s� �(�s�e�e� �F�i�g�u�r�e� �1�6�)� �f�r�o�m� �t�h�e� �p�h�o�t�o�g�r�a�p�h�y� �a�r�e� 

�r�e�c�o�n�s�t�r�u�c�t�e�d� �b�y� �i�l�l�u�m�i�n�a�t�i�o�n� �o�f� �t�h�e� �p�i�c�t�u�r�e�s�  ��f�r�o�m� �b�e�h�i�n�d�. �� �A�l�l� 

�s�u�c�h� �i�n�t�e�r�s�e�c�t�i�o�n� �p�o�i�n�t�s� �w�i�l�l� �t�o�g�e�t�h�e�r� �f�o�r�m� �a�n� �o�p�t�i�c�a�l� �m�o�d�e�l�,� 

�g�e�o�m�e�t�r�i�c�a�l�l�y� �s�i�m�i�l�a�r� �t�o� �t�h�e� �p�h�o�t�o�g�r�a�p�h�e�d� �o�b�j�e�c�t�.� �T�h�e� �s�c�a�l�e� �o�f� 

�t�h�i�s� �m�o�d�e�l� �d�e�p�e�n�d�s� �u�p�o�n� �t�h�e� �b�a�s�e� �b�e�t�w�e�e�n� �t�h�e� �p�r�o�j�e�c�t�o�r�s� �a�n�d� �c�a�n� �b�e� 

�v�a�r�i�e�d� �b�y� �c�h�a�n�g�i�n�g� �t�h�e� �b�a�s�e�.� �.�.�.� �T�h�e� �m�o�d�e�l� �c�a�n� �t�h�e�r�e�a�f�t�e�r� �b�e� 

�r�e�g�a�r�d�e�d� �a�s� �t�h�e� �o�r�i�g�i�n�a�l� �o�b�j�e�c�t� �a�s� �f�a�r� �a�s� �t�e�c�h�n�i�c�a�l� �m�e�a�s�u�r�e�m�e�n�t� 

�r�e�q�u�i�r�e�m�e�n�t�s� �a�r�e� �c�o�n�c�e�r�n�e�d� �(�H�a�l�l�e�r�t�,� �1�9�6�0�,� �p�p�.� �5�-�6�)�.� 

�O�r�i�e�n�t�a�t�i�o�n� �o�f� �t�h�e� �i�m�a�g�e�s� �i�n� �t�h�e� �s�t�e�r�e�o�p�l�o�t�t�e�r� �i�s� �b�a�s�e�d� �o�n� �k�n�o�w�n� 

�c�o�n�s�t�a�n�t�s� �s�u�c�h� �a�s� �t�h�e� �d�i�s�t�a�n�c�e� �b�e�t�w�e�e�n� �t�h�e� �t�w�o� �c�a�m�e�r�a� �l�e�n�s�e�s�,� �t�h�e� 

�i�n�t�e�r�n�a�l� �c�a�m�e�r�a� �g�e�o�m�e�t�r�y�,� �t�h�e� �d�i�s�t�a�n�c�e� �b�e�t�w�e�e�n� �k�n�o�w�n� �p�o�i�n�t�s� �i�n� �t�h�e� 

�p�h�o�t�o�g�r�a�p�h�,� �a�n�d� �i�n�c�l�i�n�a�t�i�o�n� �o�f� �t�h�e� �c�a�m�e�r�a� �a�x�e�s�.� �B�y� �i�d�e�n�t�i�f�y�i�n�g� �t�h�e� �s�a�m�e� 

�p�o�i�n�t� �i�n� �t�w�o� �p�a�i�r�e�d� �p�h�o�t�o�s� �t�h�e� �r�e�l�a�t�i�v�e� �g�e�o�m�e�t�r�y� �o�f� �t�h�e� �c�a�m�e�r�a�s� �c�a�n� �b�e� 

�u�s�e�d� �t�o� �p�e�r�f�o�r�m� �t�h�e� �a�c�t�u�a�l� �t�r�i�a�n�g�u�l�a�t�i�o�n� �w�h�i�c�h� �d�e�t�e�r�m�i�n�e�s� �t�h�e� �x�,� �y�,� �2�Z� 

�s�u�r�f�a�c�e� �p�o�i�n�t� �c�o�o�r�d�i�n�a�t�e�s� �(�P�o�s�d�a�m�e�r� �&� �A�l�t�s�c�h�u�l�e�r�,� �1�9�8�2�)�.� 

�A�s� �a�n� �a�i�d� �i�n� �i�d�e�n�t�i�f�y�i�n�g� �t�h�e� �s�a�m�e� �p�o�i�n�t� �i�n� �e�a�c�h� �p�h�o�t�o�g�r�a�p�h� �o�f� �a� 

�p�a�i�r�,� �s�o�m�e� �s�t�e�r�e�o�m�e�t�r�i�c� �s�y�s�t�e�m�s� �m�a�k�e� �u�s�e� �o�f� �a� �S�u�r�f�a�c�e� �C�o�n�t�r�a�s�t� �O�p�t�i�c�a�l� 

�P�r�o�j�e�c�t�o�r� �(�S�C�O�P�)�.� �T�h�e� �S�C�O�P� �p�r�o�j�e�c�t�s� �a� �f�i�n�e� �l�i�n�e� �r�a�n�d�o�m� �p�a�t�t�e�r�n� �o�n�t�o� �t�h�e� 

�o�t�h�e�r�w�i�s�e� �u�n�d�e�t�a�i�l�e�d� �s�u�r�f�a�c�e� �o�f� �t�h�e� �s�k�i�n� �(�s�e�e� �F�i�g�u�r�e� �1�7�)�.� �T�h�i�s�:� 

�p�r�o�j�e�c�t�i�o�n� �i�s� �s�y�n�c�h�r�o�n�i�z�e�d� �w�i�t�h� �t�h�e� �c�a�m�e�r�a� �s�h�u�t�t�e�r�s� �(�H�u�g�g�,� �1�9�7�4�)�.� 

�T�h�e� �p�r�o�c�e�s�s� �o�f� �d�a�t�a� �r�e�d�u�c�t�i�o�n� �r�e�q�u�i�r�e�d� �b�y� �t�h�i�s� �m�e�t�h�o�d� �i�s� �r�a�t�h�e�r� 

�i�n�v�o�l�v�e�d� �a�n�d� �c�o�m�p�l�e�x�.� �H�o�w�e�v�e�r�,� �t�h�e� �p�r�o�c�e�s�s� �y�i�e�l�d�s� �a�s� �m�a�n�y� �s�p�a�t�i�a�l� 

�p�o�i�n�t�s� �o�n� �t�h�e� �b�o�d�y� �a�s� �a�r�e� �r�e�q�u�i�r�e�d� �b�y� �t�h�e� �p�r�o�b�l�e�m� �b�e�i�n�g� �i�n�v�e�s�t�i�g�a�t�e�d�.� 

�T�h�o�u�s�a�n�d�s� �o�f� �p�o�i�n�t�s� �o�n� �t�h�e� �b�o�d�y� �w�e�r�e� �d�e�r�i�v�e�d� �f�r�o�m� �t�h�e� �a�n�a�l�y�z�e�d� �d�a�t�a� �w�h�e�n� 

�t�h�e� �S�k�y�l�a�b� �c�r�e�w�m�e�n� �w�e�r�e� �a�n�a�l�y�z�e�d� �u�s�i�n�g� �t�h�i�s� �m�e�t�h�o�d�.� �T�h�e� �3�-�D� �c�o�o�r�d�i�n�a�t�e�s� 

�w�e�r�e� �t�h�e�n� �p�u�n�c�h�e�d� �o�n� �I�B�M� �c�a�r�d�s� �f�o�r� �s�u�b�s�e�q�u�e�n�t� �c�o�m�p�u�t�e�r� �a�n�a�l�y�s�i�s� �(�W�h�i�t�t�l�e
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 �� �{�o�u� �l� �a�i�t� �a�n� �A �� �\� 
�C�y� �C�e� �0�6�2� �O�8�4� �6�0� �0� �C� �C�2� 

�F�i�g�u�r�e� �1�6�.� �R�a�y�s� �f�r�o�m� �p�o�i�n�t�s� �P� �t�o� �P� �b�e�i�n�g� �p�r�o�j�e�c�t�e�d� �i�n�t�o� �t�h�e� 
�p�o�i�n�t�s� �O� �a�n�d� �O� �i�n� �b�u�n�d�l�e�s� �c�a�m�e�r�a�s� �a�t� 

�F�r�o�m� �P�h�o�t�o�g�r�a�m�m�e�t�r�y�,� �B�a�s�i�c� �P�r�i�n�c�i�p�l�e�s� �a�n�d� �G�e�n�e�r�a�l� �S�u�r�v�e�y�,� �N�o�t�e�.� 

�M�c�G�r�a�w�-�H�i�l�l� �B�o�o�k� �C�o�m�p�a�n�y�,� �p�.� �6�.� �b�y� �B�.� �H�a�l�l�e�r�t�,� �1�9�6�0�,� �N�e�w� �Y�o�r�k�:� 

�(�R�e�p�r�i�n�t�e�d� �w�i�t�h� �p�e�r�m�i�s�s�i�o�n�)
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�F�i�g�u�r�e� �1�7�.� �S�C�O�P� �f�i�n�e� �l�i�n�e� �p�a�t�t�e�r�n� �p�r�o�j�e�c�t�e�d� �o�n�t�o� �s�u�r�f�a�c�e� �o�f� �s�k�i�n� �t�o� 
�p�r�o�v�i�d�e� �c�o�n�t�r�a�s�t� 

�N�o�t�e�.� �F�r�o�m� �"�A� �p�o�r�t�a�b�l�e� �d�u�a�l� �c�a�m�e�r�a� �s�y�s�t�e�m� �f�o�r� �b�i�o�s�t�e�r�e�o�m�e�t�r�i�c�s�"� �b�y� �J�.� 
�E�.� �H�u�g�g�,� �B�i�o�s�t�e�r�e�o�m�e�t�r�i�c�s� �'�7�4�,� �A�m�e�r�i�c�a�n� �S�o�c�i�e�t�y� �f�o�r� �P�h�o�t�o�g�r�a�m�m�e�t�r�y�,� 
�p�.� �1�2�3�,� �F�i�g�u�r�e� �3�.� 
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�(�R�e�p�r�i�n�t�e�d� �w�i�t�h� �p�e�r�m�i�s�s�i�o�n�)
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�e�t� �a�l�.�,� �1�9�7�7�)�.� �F�r�o�m� �t�h�i�s� �s�e�t� �o�f� �p�o�i�n�t�s� �a� �v�a�r�i�e�t�y� �o�f� �d�a�t�a� �m�a�y� �b�e� 

�g�e�n�e�r�a�t�e�d� �b�y� �a� �c�o�m�p�u�t�e�r�.� �T�h�e� �p�o�i�n�t�s� �c�a�n� �b�e� �p�l�o�t�t�e�d� �t�o� �p�r�o�d�u�c�e� �a� �c�o�n�t�o�u�r� 

�m�a�p� �(�s�e�e� �F�i�g�u�r�e� �1�8�)�,� �c�r�o�s�s� �s�e�c�t�i�o�n�s� �(�s�e�e� �F�i�g�u�r�e� �1�9�)�,� �o�r� �a� �c�o�m�p�o�s�i�t�e� �o�f� 

�b�o�d�y� �s�e�c�t�i�o�n�s�  ��s�e�e� �F�i�g�u�r�e� �2�0�)�.� �A�r�e�a�s�,� �v�o�l�u�m�e�s� �a�n�d� �s�u�r�f�a�c�e� �a�r�e�a�s� �m�a�y� �b�e� 

�c�o�m�p�u�t�e�d�.� �T�h�e� �b�o�d�y� �m�a�y� �b�e� �a�n�a�l�y�z�e�d� �i�n� �s�e�g�m�e�n�t�s� �o�r� �a�s� �a� �w�h�o�l�e�.� �T�h�e� 

�a�c�c�u�r�a�c�y� �o�f� �t�h�e� �d�a�t�a� �d�e�r�i�v�e�d� �f�r�o�m� �s�t�e�r�e�o�-�p�h�o�t�o�g�r�a�m�m�e�t�r�i�c� �m�e�t�h�o�d�s� �v�a�r�i�e�s� 

�d�e�p�e�n�d�i�n�g� �o�n� �s�e�v�e�r�a�l� �f�a�c�t�o�r�s� �s�u�c�h� �a�s� �t�h�e� �a�m�o�u�n�t� �o�f� �o�v�e�r�l�a�p� �b�e�t�w�e�e�n� �t�h�e� 

�p�h�o�t�o�g�r�a�p�h�s�,� �t�h�e� �a�n�g�l�e� �o�f� �t�h�e� �c�a�m�e�r�a�s�,� �t�h�e� �b�a�s�e�-�t�o�-�d�i�s�t�a�n�c�e� �r�a�t�i�o� �(�b�a�s�e� 

�m�e�a�s�u�r�e�m�e�n�t� �o�f� �t�h�e� �o�b�j�e�c�t�/�d�i�s�t�a�n�c�e� �o�f� �o�b�j�e�c�t� �f�r�o�m� �c�a�m�e�r�a�)�,� �a�n�d� �t�h�e� �t�y�p�e� 

�o�f� �c�a�m�e�r�a� �a�n�d� �s�t�e�r�e�o�p�l�o�t�t�e�r� �u�s�e�d� �(�K�a�r�a�r�a�,� �1�9�7�4�)�.� 

�T�h�e� �u�t�i�l�i�t�y� �a�n�d� �a�c�c�u�r�a�c�y� �o�f� �s�t�e�r�e�o�p�h�o�t�o�g�r�a�m�m�e�t�r�y� �w�a�s� �s�u�c�c�e�s�s�f�u�l�l�y� 

�d�e�m�o�n�s�t�r�a�t�e�d� �i�n� �t�h�e� �S�k�y�l�a�b� �s�t�u�d�i�e�s�  ��T�h�o�r�n�t�o�n�,� �1�9�7�8�)�.� �"�.�.�.�s�t�e�r�e�o�m�e�t�r�i�c� 

�a�n�a�l�y�s�i�s�,� �b�e�i�n�g� �a� �n�o�n�c�o�n�t�a�c�t� �m�e�t�h�o�d�,� �d�o�e�s� �n�o�t� �i�n�v�o�l�v�e� �t�h�e� �c�o�m�p�r�e�s�s�i�o�n� �o�f� 

�t�i�s�s�u�e�s�,� �h�o�w�e�v�e�r� �s�m�a�l�l�,� �w�h�i�c�h� �r�e�s�u�l�t�s� �f�r�o�m� �t�h�e� �u�s�e� �o�f� �a� �t�a�p�e� �m�e�a�s�u�r�e�"� 

�(�W�h�i�t�t�l�e� �e�t� �a�l�.�,� �1�9�7�7�,� �p�.� �1�9�9�)�.� �"�.�.�.�t�h�e� �s�t�e�r�e�o�s�c�o�p�i�c� �p�h�o�t�o�g�r�a�p�h�s�.�.�.� �a�r�e� 

�&� �p�e�r�m�a�n�e�n�t� �d�e�t�a�i�l�e�d� �r�e�c�o�r�d� �o�f� �b�o�d�y� �f�o�r�m�,� �w�h�i�c�h� �m�a�y� �b�e� �r�e�e�x�a�m�i�n�e�d� �a�t� 

�s�o�m�e� �f�u�t�u�r�e� �d�a�t�e� �t�o� �a�n�s�w�e�r� �n�e�w� �q�u�e�s�t�i�o�n�s�,� �o�r� �t�o� �t�a�k�e� �a�d�v�a�n�t�a�g�e� �o�f� �t�h�e� 

�i�n�c�r�e�a�s�e�d� �a�c�c�u�r�a�c�y� �r�e�s�u�l�t�i�n�g� �f�r�o�m� �a�d�v�a�n�c�e�s� �i�n� �t�e�c�h�n�i�q�u�e�"� �(�W�h�i�t�t�l�e�,� �e�t� 

�a�l�.�,� �1�9�7�7�,� �p�.� �2�0�2�)�.� 

�T�h�i�s� �m�e�t�h�o�d� �r�e�q�u�i�r�e�s� �t�h�e� �u�s�e� �o�f� �h�i�g�h� �p�r�e�c�i�s�i�o�n� �c�a�m�e�r�a�s� �w�i�t�h� 

�c�a�l�i�b�r�a�t�e�d� �i�n�t�e�r�n�a�l� �g�e�o�m�e�t�r�y�.� �T�h�e� �d�i�f�f�i�c�u�l�t�y� �i�n� �u�s�i�n�g� �s�t�e�r�e�o� �i�m�a�g�e�s� �t�o� 

�c�o�m�p�u�t�e� �t�h�e� �p�o�s�i�t�i�o�n� �o�f� �a� �p�o�i�n�t� �l�i�e�s� �i�n� �t�h�e� �p�r�o�b�l�e�m� �o�f� �i�d�e�n�t�i�f�y�i�n�g� �t�h�e� 

�s�a�m�e� �c�o�r�r�e�s�p�o�n�d�i�n�g� �p�o�i�n�t� �i�n� �b�o�t�h� �i�m�a�g�e�s�.� �T�h�e� �i�m�a�g�e� �p�o�s�i�t�i�o�n�s� �o�f� �t�h�e� 

�c�o�r�r�e�s�p�o�n�d�i�n�g� �p�o�i�n�t�s� �m�u�s�t� �t�h�e�n� �b�e� �m�e�a�s�u�r�e�d� �a�n�d� �p�a�i�r�e�d�.� �I�n� �d�e�f�i�n�i�n�g� �t�h�e� 

�s�u�r�f�a�c�e� �o�f� �t�h�e� �b�o�d�y�,� �a�n� �i�n�f�i�n�i�t�e� �n�u�m�b�e�r� �o�f� �p�o�i�n�t�s� �m�u�s�t� �b�e� �l�o�c�a�t�e�d�.� 

�T�h�e�r�e� �i�s� �u�s�u�a�l�l�y� �a� �t�r�a�d�e�o�f�f� �m�a�d�e� �b�e�t�w�e�e�n� �a�c�c�u�r�a�c�y� �a�n�d� �a�n�y� �d�i�s�p�a�r�i�t�i�e�s
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�F�i�g�u�r�e� �1�8�.� �C�o�n�t�o�u�r� �m�a�p� �o�f� �a� �f�a�c�e� �p�l�o�t�t�e�d� �f�r�o�m� �d�i�g�i�t�i�z�e�d� �p�o�i�n�t�s� �b�y� �a� 
�p�h�o�t�o�g�r�a�m�m�e�t�r�i�c� �p�r�o�c�e�s�s� 

�N�o�t�e�.� �F�r�o�m� �"�T�h�e� �r�e�p�l�i�c�a�t�i�o�n� �o�f� �l�i�m�b�s� �a�n�d� �a�n�a�t�o�m�i�c�a�l� �s�u�r�f�a�c�e�s� �b�y� �m�a�c�h�i�n�-� 
�i�n�g� �f�r�o�m� �p�h�o�t�o�g�r�a�m�m�e�t�r�i�c� �d�a�t�a�"� �b�y� �J�.�P�.� �D�u�n�c�a�n�,� �J�.� �F�o�o�r�t� �&�,� �S�.�G�.� �M�a�i�r�,� 
�B�i�o�s�t�e�r�e�o�m�e�t�r�i�c�s� �'�7�4�,� �A�m�e�r�i�c�a�n� �S�o�c�i�e�t�y� �f�o�r� �P�h�o�t�o�g�r�a�m�m�e�t�r�y�,� �p�.� �5�4�1�,� �F�i�g�.� 
�1�6�,� 
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�(�R�e�p�r�i�n�t�e�d� �w�i�t�h� �p�e�r�m�i�s�s�i�o�n�)
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�F�i�g�u�r�e� �1�9�.� �A� �c�r�o�s�s� �s�e�c�t�i�o�n� �o�f� �t�h�e� �b�o�d�y� �a�t� �s�h�o�u�l�d�e�r� �l�e�v�e�l� �g�e�n�e�r�a�t�e�d� 
�b�y� �a� �c�o�m�p�u�t�e�r� �f�r�o�m� �p�o�i�n�t�s� �d�e�r�i�v�e�d� �f�r�o�m� �s�t�e�r�e�o�p�h�o�t�o�g�r�a�m�m�e�t�r�y� 

�N�o�t�e�.� �F�r�o�m� �"�A�n�t�h�r�o�p�o�m�e�t�r�i�c� �c�h�a�n�g�e�s� �i�n� �w�e�i�g�h�t�l�e�s�s�n�e�s�s�"� �b�y� �W�.� �T�h�o�r�n�t�o�n�,� 
�1�9�7�8�,� �i�n� �A�n�t�h�r�o�p�o�m�e�t�r�i�c� �S�o�u�r�c�e� �B�o�o�k�,� �V�.� �:� 
�D�e�s�i�g�n�e�r�s�,� �p�.� �I�-�4�1�.
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�F�E�h�h�e� �0�0�4� �6�4� �P�e� �&� �F�P�G�A� �V�e�e� �o�v�e�n�s� �©� 
�h�e�s�e� �a�0� �t�e�t� �&� �O�R� �a�b�o�d�e� �F�e�d� �t�a�s� �0� �V�o�c�e� 
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�C�e�e� �i� 
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�*�s� �2�.�5� �$� �7�3� �i� �2�3� �s� 
�w �� �R�e� �Z� �a�n�t�s� �(�G�D� 

�F�i�g�u�r�e� �2�0�.� �A� �c�o�m�p�o�s�i�t�e� �o�f� �c�r�o�s�s� �s�e�c�t�i�o�n�s� �o�f� �t�h�e� �b�o�d�y� �m�a�d�e� �f�r�o�m� 
�s�t�e�r�e�o�p�h�o�t�o�g�r�a�m�m�e�t�r�y� 

�N�o�t�e�.� �F�r�o�m� �"�A�n�t�h�r�o�p�o�m�e�t�r�i�c� �c�h�a�n�g�e�s� �i�n� �w�e�i�g�h�t�l�e�s�s�n�e�s�s�"� �b�y� �W�.� 
�T�h�o�r�n�t�o�n�,� �1�9�7�8�,� �i�n� �A�n�t�h�r�o�p�o�m�e�t�r�i� �:� �=� 
�p�o�m�e�t�r�y� �f�o�r� �D�e�s�i�g�n�e�r�s�,� �p�.�I�-�4�2�.



�4�9� 

�b�e�t�w�e�e�n� �t�h�e� �t�w�o� �v�i�e�w�s� �(�Y�a�m�a�s�h�i�t�a�,� �O�s�h�i�n�a� �&� �Y�a�m�a�g�u�c�h�i�,� �1�9�8�2�)�.� �S�o�m�e� 

�r�e�s�e�a�r�c�h�e�r�s� �h�a�v�e� �a�d�d�r�e�s�s�e�d� �t�h�i�s� �p�r�o�b�l�e�m� �b�y� �a�c�t�u�a�l�l�y� �m�a�r�k�i�n�g� �l�a�n�d�m�a�r�k�s� 

�a�n�d� �e�v�e�n� �g�r�i�d�s� �o�n� �t�h�e� �s�u�r�f�a�c�e� �o�f� �t�h�e� �b�o�d�y� �(�M�o�l�l�a�r�d�,� �S�a�u�v�i�g�n�o�n� �&� �P�i�n�e�a�u�,� 

�1�9�8�2�;� �G�a�r�s�t�e�i�n� �&� �S�h�a�y�a�,� �1�9�8�6�)�.� 

�T�h�i�s� �p�r�o�b�l�e�m� �m�a�y� �b�e� �a�v�o�i�d�e�d� �b�y� �u�s�i�n�g� �s�p�e�c�i�a�l�l�y� �c�o�n�t�r�o�l�l�e�d� �o�r� 

�e�n�c�o�d�e�d� �i�l�l�u�m�i�n�a�t�i�o�n�.� �B�y� �p�r�o�j�e�c�t�i�n�g� �a� �c�o�l�l�i�m�a�t�e�d� �l�i�g�h�t� �b�e�a�m� �(�p�a�r�a�l�l�e�l� 

�w�a�v�e�s�)�,� �a� �l�a�s�e�r� �b�e�a�m� �d�i�v�e�r�g�e�d� �b�y� �a� �c�y�l�i�n�d�r�i�c�a�l� �l�e�n�s�,� �o�r� �a� �s�h�e�e�t� �o�f� �l�i�g�h�t� 

�f�r�o�m� �a� �s�l�i�t� �p�r�o�j�e�c�t�o�r� �o�n�t�o� �t�h�e� �o�b�j�e�c�t� �b�e�i�n�g� �m�e�a�s�u�r�e�d�,� �e�v�e�r�y� �p�o�i�n�t� �o�f� �t�h�e� 

�s�u�r�f�a�c�e� �o�f� �t�h�e� �o�b�j�e�c�t� �d�e�t�e�r�m�i�n�e�s� �a� �r�a�y� �i�n� �s�p�a�c�e�.� �T�h�e� �c�o�o�r�d�i�n�a�t�e�s� �o�f� 

�e�a�c�h� �p�o�i�n�t� �h�i�t� �b�y� �t�h�e� �r�a�y� �c�a�n� �t�h�e�n� �b�e� �d�e�t�e�r�m�i�n�e�d� �b�y� �a� �t�r�i�g�o�n�o�m�e�t�r�i�c� 

�f�o�r�m�u�l�a� �(�Y�a�m�a�s�h�i�t�a� �e�t� �a�l�.�,� �1�9�8�2�)�.� 

�T�h�r�e�e�-�D�i�m�e�n�s�i�o�n�a�l� �C�i�n�e�m�a�t�o�g�r�a�p�h�y� 
�T�h�i�s� �m�e�t�h�o�d�,� �l�i�k�e� �s�t�e�r�e�o�p�h�o�t�o�g�r�a�p�h�y�,� �r�e�l�i�e�s� �o�n� �t�h�e� �u�s�e� �o�f� �m�u�l�t�i�p�l�e� 

�i�m�a�g�e�s� �o�f� �t�h�e� �o�b�j�e�c�t� �t�o� �b�e� �m�e�a�s�u�r�e�d�.� �E�a�r�l�i�e�s�t� �u�s�e�s� �o�f� �t�h�i�s� �m�e�t�h�o�d� 

�r�e�q�u�i�r�e�d� �t�h�a�t� �t�h�e� �c�a�m�e�r�a�s� �b�e� �a�l�i�g�n�e�d� �a�l�o�n�g� �t�h�e� �o�r�t�h�o�g�o�n�a�l� �a�x�e�s� �o�f� �t�h�e� 

�C�a�r�t�e�s�i�a�n� �C�o�o�r�d�i�n�a�t�e� �f�r�a�m�e� �o�f� �r�e�f�e�r�e�n�c�e�.� �R�e�f�i�n�e�m�e�n�t�s� �o�f� �t�h�e� �m�e�t�h�o�d�,� 

�h�o�w�e�v�e�r�,� �e�l�i�m�i�n�a�t�e�d� �t�h�i�s� �r�e�q�u�i�r�e�m�e�n�t� �a�n�d� �a�l�l�o�w�e�d� �c�a�m�e�r�a�s� �t�o� �b�e� �p�l�a�c�e�d� 

�w�i�t�h�o�u�t� �r�e�s�t�r�i�c�t�i�o�n� �(�V�a�n�G�h�e�l�u�w�e�,� �1�9�7�8�)�.� �I�t� �i�s� �t�h�e� �u�s�e� �o�f� �a� �t�r�i�-�a�x�i�a�l� 

�r�e�f�e�r�e�n�c�e� �f�r�a�m�e� �(�s�e�e� �F�i�g�u�r�e� �2�1�)� �t�h�a�t� �a�l�l�o�w�s� �t�h�i�s� �t�y�p�e� �o�f� �f�l�e�x�i�b�i�l�i�t�y�.� 

�T�h�e� �c�a�m�e�r�a�s� �a�r�e� �s�e�t� �u�p� �t�o� �o�b�t�a�i�n� �t�h�e� �b�e�s�t� �p�h�o�t�o�g�r�a�p�h�s� �o�f� �t�h�e� �o�b�j�e�c�t� 

�(�a� �b�o�d�y�)� �b�e�i�n�g� �m�e�a�s�u�r�e�d�.� �T�h�e� �r�e�f�e�r�e�n�c�e� �f�r�a�m�e� �i�s� �p�o�s�i�t�i�o�n�e�d� �s�o� �t�h�a�t� �i�t� 

�i�s� �w�i�t�h�i�n� �t�h�e� �f�i�e�l�d� �o�f� �v�i�s�i�o�n� �o�f� �t�h�e� �c�a�m�e�r�a�s�.� �A�l�l� �c�a�m�e�r�a�s� �a�r�e� �a�c�t�i�v�a�t�e�d� 

�S�i�m�u�l�t�a�n�e�o�u�s�l�y� �t�o� �a�v�o�i�d� �p�o�s�i�t�i�o�n�a�l� �s�h�i�f�t�s� �o�f� �t�h�e� �l�a�n�d�m�a�r�k�s� �b�e�t�w�e�e�n� 

�p�i�c�t�u�r�e�s�.� �T�h�e� �x� �a�n�d� �y� �c�o�o�r�d�i�n�a�t�e�s� �o�f� �a�n�y� �a�r�b�i�t�r�a�r�y� �p�o�i�n�t� �o�n� �t�h�e� �b�o�d�y� 

�(�e�i�t�h�e�r� �a� �c�h�a�r�a�c�t�e�r�i�s�t�i�c� �l�a�n�d�m�a�r�k� �o�r� �e�l�e�c�t�r�o�d�e�)� �c�a�n� �b�e� �d�i�g�i�t�i�z�e�d� �f�r�o�m� 

�t�h�e� �p�h�o�t�o�g�r�a�p�h�s�.� �P�r�o�c�e�s�s�i�n�g� �o�f� �t�h�e� �d�a�t�a� �i�s� �d�o�n�e� �b�y� �a� �c�o�m�p�u�t�e�r� �u�s�i�n�g
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�F�i�g�u�r�e� �2�1�.� �T�r�i�-�a�x�i�a�l� �r�e�f�e�r�e�n�c�e� �f�r�a�m�e� �u�s�e�d� �w�i�t�h� �t�h�r�e�e�-�d�i�m�e�n�s�i�o�n�a�l� 
�c�i�n�e�m�a�t�o�g�r�a�p�h�y� 

�N�o�t�e�,� �F�r�o�m� �"�C�o�m�p�u�t�e�r�i�z�e�d� �t�h�r�e�e�-�d�i�m�e�n�s�i�o�n�a�l� �c�i�n�e�m�a�t�o�g�r�a�p�h�y� �f�o�r� �a�n�y� 
�a�r�b�i�t�r�a�r�y� �c�a�m�e�r�a� �s�e�t�u�p�"� �b�y� �B�.� �V�a�n�G�h�e�l�u�w�e�,� �1�9�7�8�,� �i�n� �E�.�A�.� �A�s�m�u�s�s�e�n� �&� 
�K�.� �J�o�r�g�e�n�s�e�n� �(�E�d�s�.�)� �B�i�o�m�e�c�h�a�n�i�c�s� �V�I�-�A�,� �B�a�l�t�i�m�o�r�e�:� �U�n�i�v�e�r�s�i�t�y� �P�a�r�k� �P�r�e�s�s�,� 
�p�.� �3�4�5�.� 

� 



�5�1� 

�i�n�f�o�r�m�a�t�i�o�n� �a�b�o�u�t� �t�h�e� �p�o�s�i�t�i�o�n� �a�n�d� �o�r�i�e�n�t�a�t�i�o�n� �o�f� �t�h�e� �c�a�m�e�r�a�s� �a�n�d� �t�h�e� 

�c�o�o�r�d�i�n�a�t�e�s� �f�r�o�m� �t�h�e� �t�r�i�-�a�x�i�a�l� �r�e�f�e�r�e�n�c�e� �f�r�a�m�e�.� �T�h�e� �r�e�s�u�l�t� �i�s� �a� �s�e�t� �o�f� 

�t�h�r�e�e�-�d�i�m�e�n�s�i�o�n�a�l� �c�o�o�r�d�i�n�a�t�e�s� �f�o�r� �t�h�e�s�e� �d�i�g�i�t�i�z�e�d� �p�o�i�n�t�s�.� �T�h�e� �d�a�t�a� �a�r�e� 

�s�m�o�o�t�h�e�d� �b�y� �a� �s�p�e�c�i�a�l� �c�o�m�p�u�t�e�r� �p�r�o�g�r�a�m� �i�n� �w�h�i�c�h� �m�a�t�h�e�m�a�t�i�c�a�l� �c�o�n�s�t�r�a�i�n�t�s� 

�a�r�e� �p�r�o�v�i�d�e�d� �b�y� �a� �s�e�t� �o�f� �a�n�t�h�r�o�p�o�m�e�t�r�i�c� �m�e�a�s�u�r�e�m�e�n�t�s� �(�C�o�r�n�e�l�i�s�,� 

�V�a�n�G�h�e�l�u�w�e�,� �N�y�s�s�e�n� �&� �V�a�n�D�e�n�B�e�r�g�h�e�,� �1�9�7�8�)�.� 

�W�h�e�n� �a�s� �m�a�n�y� �a�s� �e�i�g�h�t� �c�a�m�e�r�a�s� �a�r�e� �u�s�e�d� �e�a�c�h� �p�o�i�n�t� �c�a�n� �b�e� �s�e�e�n� �i�n� �a�t� 

�l�e�a�s�t� �t�h�r�e�e� �o�f� �t�h�e� �c�a�m�e�r�a�s� �i�n�s�t�e�a�d� �o�f� �o�n�l�y� �t�w�o�.� �T�h�i�s� �r�e�s�u�l�t�s� �i�n� �a� 

�S�i�g�n�i�f�i�c�a�n�t� �i�n�c�r�e�a�s�e� �i�n� �a�c�c�u�r�a�c�y� �(�C�o�r�n�e�l�i�s� �e�t� �a�l�.�,� �1�9�7�8�)�.� 

�A�l�t�h�o�u�g�h� �m�e�t�h�o�d�s� �o�f� �t�h�i�s� �t�y�p�e� �a�r�e� �h�i�g�h�l�y� �a�c�c�u�r�a�t�e� �t�h�e�y� �a�r�e� 

�d�i�f�f�i�c�u�l�t� �t�o� �a�u�t�o�m�a�t�e� �a�n�d� �a�r�e� �t�h�e�r�e�f�o�r�e� �m�o�r�e� �t�i�m�e�-�c�o�n�s�u�m�i�n�g�.� �T�h�e� �n�e�e�d� 

�f�o�r� �m�a�n�u�a�l� �m�e�a�s�u�r�e�m�e�n�t�s� �i�n� �o�r�d�e�r� �t�o� �e�x�t�r�a�p�o�l�a�t�e� �d�a�t�a� �a�l�s�o� �m�a�k�e�s� �t�h�i�s� 

�m�e�t�h�o�d� �m�o�r�e� �t�i�m�e�-�c�o�n�s�u�m�i�n�g� �a�n�d� �p�o�s�s�i�b�l�y� �l�e�s�s� �a�c�c�u�r�a�t�e� �(�K�u�h�l�m�a�n�,� �1�9�8�8�)�.� 

�R�a�s�t�e�r�s�t�e�r�e�o�g�r�a�p�h�y� 
�R�a�s�t�e�r�s�t�e�r�e�o�g�r�a�p�h�y� �i�s� �v�e�r�y� �s�i�m�i�l�i�a�r� �t�o� �s�t�e�r�e�o�p�h�o�t�o�g�r�a�p�h�y� �e�x�c�e�p�t� 

�i�n�s�t�e�a�d� �o�f� �t�w�o� �c�a�m�e�r�a�s� �b�e�i�n�g� �u�s�e�d�,� �o�n�e� �c�a�m�e�r�a� �i�s� �r�e�p�l�a�c�e�d� �b�y� �a� �p�r�o�j�e�c�t�o�r� 

�w�i�t�h� �a� �r�a�s�t�e�r� �d�i�a�p�o�s�i�t�i�v�e�  ��s�e�e� �F�i�g�u�r�e� �2�2�)�.� �T�h�e� �d�i�r�e�c�t�i�o�n� �o�f� �t�h�e� �l�i�g�h�t� 

�r�a�y�s� �o�f� �o�n�e� �o�f� �t�h�e� �h�a�l�f� �i�m�a�g�e�s� �i�s� �r�e�v�e�r�s�e�d� �a�n�d� �r�e�p�l�a�c�e�d� �b�y� �t�h�e� �r�a�s�t�e�r� 

�d�i�a�p�o�s�i�t�i�v�e�.� �T�h�e� �o�t�h�e�r� �h�a�l�f� �i�m�a�g�e� �i�s� �g�e�n�e�r�a�t�e�d� �b�y� �t�h�e� �c�a�m�e�r�a� �a�n�d� 

�c�o�n�t�a�i�n�s� �t�h�e� �i�m�a�g�e� �o�f� �t�h�e� �o�b�j�e�c�t� �b�e�a�r�i�n�g� �t�h�e� �p�r�o�j�e�c�t�e�d� �a�n�d� �d�i�s�t�o�r�t�e�d� 

�r�a�s�t�e�r� �l�i�n�e�s�.� �T�h�e�r�e�f�o�r�e�,� �a� �s�t�e�r�e�o�s�c�o�p�i�c� �i�m�a�g�e� �p�a�i�r� �i�s� �s�t�i�l�l� �a�v�a�i�l�a�b�l�e� 

�f�r�o�m� �t�h�e� �r�a�s�t�e�r� �d�i�a�p�o�s�i�t�i�v�e� �a�n�d� �t�h�e� �c�a�m�e�r�a� �i�m�a�g�e�.� 

�T�h�e� �t�h�r�e�e�-�d�i�m�e�n�s�i�o�n�a�l� �i�n�f�o�r�m�a�t�i�o�n� �i�s� �o�b�t�a�i�n�e�d� �f�r�o�m� �t�h�e� �d�i�s�t�o�r�t�i�o�n� 

�o�f� �t�h�e� �p�r�o�j�e�c�t�e�d� �r�a�s�t�e�r� �l�i�n�e�s� �a�n�d� �i�s� �t�h�e�r�e�f�o�r�e� �c�o�n�t�a�i�n�e�d� �w�i�t�h�i�n� �a� �s�i�n�g�l�e� 

�i�m�a�g�e� �m�a�k�i�n�g� �s�t�e�r�e�o�s�c�o�p�i�c� �v�i�s�i�o�n� �u�n�n�e�c�e�s�s�a�r�y� �(�F�r�o�b�i�n� �&� �H�i�e�r�h�o�l�z�e�r�,� 

�1�9�8�3�)�.� �D�u�e� �t�o� �t�h�i�s� �f�a�c�t�,� �t�h�e� �p�r�o�b�l�e�m� �o�f� �d�e�t�e�r�m�i�n�i�n�g� �c�o�r�r�e�s�p�o�n�d�i�n�g
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�F�i�g�u�r�e� �2�2�.� �E�x�p�e�r�i�m�e�n�t�a�l� �s�e�t� �u�p� �f�o�r� �t�h�e� �r�a�s�t�e�r�s�t�e�r�e�o�g�r�a�p�h�i�c� �m�e�t�h�o�d� 
�o�f� �m�e�a�s�u�r�e�m�e�n�t�;� �s�u�b�j�e�c�t� �a�b�o�v�e�,� �c�a�m�e�r�a� �a�n�d� �p�r�o�j�e�c�t�o�r� �b�e�l�o�w� 

�N�o�t�e�.� �F�r�o�m�"�A� �s�t�e�r�e�o�p�h�o�t�o�g�r�a�m�m�e�t�r�i�c� �m�e�t�h�o�d� �f�o�r� �t�h�e� �m�e�a�s�u�r�e�m�e�n�t� �o�f� 
�b�o�d�y� �s�u�r�f�a�c�e�s� �u�s�i�n�g� �a� �p�r�o�j�e�c�t�e�d� �g�r�i�d�"� �b�y� �W�.� �F�r�o�b�i�n� �&� �E�.� �H�i�e�r�h�o�l�z�e�r�,� 
�1�9�7�8�,� �A�p�p�l�i�c�a�t�i�o�n�s� �o�f� �H�u�m�a�n� �B�i�o�s�t�e�r�e�o�m�e�t�r�i�c�s�,� �P�r�o�c�e�e�d�i�n�g�s� �o�f� �t�h�e� 
�S�o�c�i�e�t�y� �o�f� �P�h�o�t�o�-�O�p�t�i�c�a�l� �I�n�s�t�r�u�m�e�n�t�a�t�i�o�n� �E�n�g�i�n�e�e�r�s�,� �1�6�6�,� �p�.� �4�0�.� 
� � 

� � 

�(�R�e�p�r�i�n�t�e�d� �w�i�t�h� �p�e�r�m�i�s�s�i�o�n�)



�5�3� 

�p�o�i�n�t�s� �i�n� �a� �p�a�i�r� �o�f� �p�h�o�t�o�g�r�a�p�h�s� �(�a�s� �i�n� �s�t�e�r�e�o�p�h�o�t�o�g�r�a�p�h�y�)� �i�s� �e�l�i�m�i�n�a�t�e�d�.� 

�P�o�i�n�t�s� �m�a�y� �b�e� �o�b�j�e�c�t�i�v�e�l�y� �p�a�i�r�e�d� �b�y� �d�e�t�e�r�m�i�n�i�n�g� �t�h�e� �r�o�w� �a�n�d� �c�o�l�u�m�n� 

�n�u�m�b�e�r� �o�f� �t�h�e� �r�a�s�t�e�r� �i�n�t�e�r�s�e�c�t�i�o�n�.� �P�o�i�n�t�s� �w�h�i�c�h� �f�a�l�l� �b�e�t�w�e�e�n� �t�h�e�s�e� 

�r�a�s�t�e�r� �l�i�n�e�s� �m�a�y� �a�l�s�o� �b�e� �c�a�l�c�u�l�a�t�e�d� �b�y� �i�n�t�e�r�p�o�l�a�t�i�o�n� �i�f� �t�h�e� �d�e�n�s�i�t�y� �o�f� 

�t�h�e� �r�a�s�t�e�r� �l�i�n�e�s� �i�s� �a�d�e�q�u�a�t�e� �w�i�t�h� �r�e�s�p�e�c�t� �t�o� �t�h�e� �c�u�r�v�a�t�u�r�e� �o�f� �t�h�e� 

�s�u�r�f�a�c�e� �b�e�i�n�g� �m�e�a�s�u�r�e�d� �(�H�i�e�r�h�o�l�z�e�r� �&� �F�r�o�b�i�n�,� �1�9�8�0�)�.� 

�H�o�r�i�z�o�n�t�a�l�l�y�-�o�r�i�e�n�t�e�d� �r�a�s�t�e�r� �l�i�n�e�s� �a�r�e� �p�r�o�j�e�c�t�e�d� �o�n�t�o� �t�h�e� �b�o�d�y� 

�s�u�r�f�a�c�e� �a�s� �w�e�l�l� �a�s� �o�n�t�o� �c�o�n�t�r�o�l� �p�l�a�n�e�s� �( ��s�e�e� �F�i�g�u�r�e� �2�3�)�.� �L�u�m�i�n�o�u�s� 

�c�o�n�t�r�o�l� �p�o�i�n�t�s� �a�r�e� �l�o�c�a�t�e�d� �o�n� �t�h�e� �p�l�a�n�e�s�.� �E�a�c�h� �r�a�s�t�e�r� �l�i�n�e� �m�a�y� �b�e� 

�i�n�d�i�v�i�d�u�a�l�l�y� �i�d�e�n�t�i�f�i�e�d� �a�n�d� �m�e�a�s�u�r�e�d�.� �T�h�e� �x� �a�n�d� �y� �c�o�o�r�d�i�n�a�t�e�s� �o�f� �t�h�e� 

�c�e�n�t�e�r� �o�f� �t�h�e� �c�o�n�t�r�o�l� �p�o�i�n�t�s� �m�a�y� �b�e� �m�e�a�s�u�r�e�d� �a�n�d� �u�s�e�d� �a�s� �a� �b�a�s�i�s� �f�o�r� 

�d�e�t�e�r�m�i�n�i�n�g� �t�h�e� �c�o�o�r�d�i�n�a�t�e�s� �o�f� �t�h�e� �c�o�n�t�r�o�l� �l�i�n�e�s�.� 

�T�h�e� �s�a�m�e� �t�y�p�e� �o�f� �s�t�a�n�d�a�r�d� �p�h�o�t�o�g�r�a�m�m�e�t�r�i�c� �c�a�l�i�b�r�a�t�i�o�n� �p�r�o�c�e�d�u�r�e�s� 

�a�r�e� �u�s�e�d� �a�s� �i�n� �s�t�e�r�e�o�p�h�o�t�o�g�r�a�m�m�e�t�r�y�.� �S�i�n�c�e� �s�t�e�r�e�o�p�h�o�t�o�g�r�a�p�h�y�,� 

�r�a�s�t�e�r�s�t�e�r�e�o�g�r�a�p�h�y�,� �a�n�d� �m�o�i�r�e� �t�o�p�o�g�r�a�p�h�y� �a�r�e� �a�l�l� �b�a�s�e�d� �o�n� �d�i�s�t�a�n�c�e� 

�m�e�a�s�u�r�e�m�e�n�t� �b�y� �t�r�i�a�n�g�u�l�a�t�i�o�n� �t�h�e� �d�e�p�t�h� �r�e�s�o�l�u�t�i�o�n� �o�f� �t�h�e�s�e� �m�e�t�h�o�d�s� �i�s� 

�a�l�s�o� �s�i�m�i�l�a�r�.� �H�o�w�e�v�e�r�,� �r�a�s�t�e�r�s�t�e�r�e�o�g�r�a�p�h�y� �a�n�d� �m�o�i�r�e� �a�r�e� �l�i�m�i�t�e�d� �t�o� �t�h�e� 

�c�l�o�s�e� �r�a�n�g�e�.� �"�A� �p�a�r�t�i�c�u�l�a�r� �a�d�v�a�n�t�a�g�e� �{�o�f� �t�h�i�s� �m�e�t�h�o�d�)� �i�s� �t�h�e� 

�p�o�s�s�i�b�i�l�i�t�y� �o�f� �a�n� �e�a�s�y� �a�u�t�o�m�a�t�i�c� �i�m�a�g�e� �p�r�o�c�e�s�s�i�n�g�"� �(�H�i�e�r�h�o�l�z�e�r� �&� �F�r�o�b�i�n�,� 

�1�9�8�0�,� �p�.� �3�2�9�)�.� 

�L�a�s�e�r� �P�r�o�j�e�c�t�i�o�n� 

�P�r�o�j�e�c�t�i�n�g� �a� �l�a�s�e�r� �b�e�a�m� �o�n�t�o� �t�h�e� �s�u�r�f�a�c�e� �o�f� �a�n� �o�b�j�e�c�t� �m�a�k�e�s� �i�t� 

�p�o�s�s�i�b�l�e� �t�o� �l�o�c�a�t�e� �i�n� �s�p�a�c�e� �a�n�y� �p�o�i�n�t� �o�n� �t�h�e� �o�b�j�e�c�t� �b�y� �l�o�c�a�t�i�n�g� �t�h�e� 

�l�i�g�h�t� �s�p�o�t� �o�f� �t�h�e� �l�a�s�e�r� �b�e�a�m� �o�n� �a� �m�a�t�r�i�x� �o�f� �d�i�o�d�e�s� �o�f� �t�h�e� �c�a�m�e�r�a� �(�I�g�n�a�z�i� 

�e�t� �a�l�.�,� �1�9�8�0�)�.� �T�h�e� �r�a�n�g�e� �i�n�f�o�r�m�a�t�i�o�n� �(�o�r� �z� �c�o�o�r�d�i�n�a�t�e�)� �i�s� �o�b�t�a�i�n�e�d� �b�y� 

�t�e�l�e�m�e�t�r�i�c� �m�e�a�s�u�r�e�m�e�n�t� �b�a�s�e�d� �o�n� �t�r�i�a�n�g�u�l�a�t�i�o�n�.
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�F�i�g�u�r�e� �2�3�.� �P�r�o�j�e�c�t�i�o�n� �o�f� �h�o�r�i�z�o�n�t�a�l�l�y�-�o�r�i�e�n�t�e�d� �r�a�s�t�e�r� �l�i�n�e�s� �o�n�t�o� �a� 
�b�o�d�y� �a�n�d� �c�o�n�t�r�o�l� �p�l�a�n�e�s� 

�N�o�t�e�.� �F�r�o�m� �"�A�u�t�o�m�a�t�i�c� �m�e�a�s�u�r�e�m�e�n�t� �o�f� �b�o�d�y� �s�u�r�f�a�c�e�s� �u�s�i�n�g� �r�a�s�t�e�r�-� 
�s�t�e�r�e�o�g�r�a�p�h�y�,� �P�a�r�t� �I�:� �I�m�a�g�e� �s�c�a�n� �a�n�d� �c�o�n�t�r�o�l� �p�o�i�n�t� �m�e�a�s�u�r�e�m�e�n�t�"� �b�y� �W�.� 
�F�r�o�b�i�n� �&� �E�.�,� �H�i�e�r�h�o�l�z�e�r�,� �P�h�o�t�o�g�r�a�m�m�e�t�r�i�c� �E�n�g�i�n�e�e�r�i�n�g� �&� �R�e�m�o�t�e� �S�e�n�s�i�n�g� 
�4�9�,� �n�.� �3�,� �p�.� �3�7�8�,� �F�i�g�.� �1�.� �(�R�e�p�r�i�n�t�e�d� �w�i�t�h� �p�e�r�m�i�s�s�i�o�n�)� 

�>



�5�5� 

�A� �l�a�s�e�r� �i�s� �p�r�o�j�e�c�t�e�d� �t�o� �t�h�e� �s�u�r�f�a�c�e� �o�f� �t�h�e� �o�b�j�e�c�t� �t�o� �b�e� �m�e�a�s�u�r�e�d� 

�a�n�d� �s�c�a�n�n�e�d�.� �A� �c�a�m�e�r�a�,� �w�h�i�c�h� �i�s� �a�l�s�o� �f�o�c�u�s�s�e�d� �o�n� �t�h�e� �o�b�j�e�c�t�,� �i�s� 

�e�q�u�i�p�p�e�d� �w�i�t�h� �l�i�n�e� �s�e�n�s�o�r�s� �a�n�d� �c�y�l�i�n�d�r�i�c�a�l� �l�e�n�s�e�s�.� �T�h�e� �c�a�m�e�r�a� �v�i�e�w�s� �t�h�e� 

�d�o�t� �p�a�t�t�e�r�n� �t�h�a�t� �i�s� �p�r�o�d�u�c�e�d� �b�y� �t�h�e� �p�r�o�j�e�c�t�e�d� �l�a�s�e�r�.� �T�h�e� �x�,� �y� �a�n�d�,� �z� 

�c�o�o�r�d�i�n�a�t�e�s� �o�f� �t�h�e� �l�a�s�e�r� �s�p�o�t� �c�a�n� �b�e� �m�e�a�s�u�r�e�d� �f�o�r� �t�h�a�t� �p�o�i�n�t� �(�C�o�r� �i�n� 

�m�u�l�t�i�-�~�l�a�s�e�r� �s�y�s�t�e�m�s� �f�o�r� �e�a�c�h� �p�o�i�n�t�)� �b�y� �t�r�i�a�n�g�u�l�a�t�i�o�n�.� 

�R�e�s�e�a�r�c�h�e�r�s� �a�t� �t�h�e� �H�a�r�r�y� �G�.� �A�r�m�s�t�r�o�n�g� �A�e�r�o�s�p�a�c�e� �M�e�d�i�c�a�l� �R�e�s�e�a�r�c�h� 

�L�a�b�o�r�a�t�o�r�y� �(�W�r�i�g�h�t�-�P�a�t�t�e�r�s�o�n� �A�F�B�)�,� �u�s�e� �a� �l�o�w�-�p�o�w�e�r�e�d�,� �h�e�l�i�u�m�-�n�e�o�n� �l�a�s�e�r� 

�s�c�a�n�n�e�r� �t�o� �c�o�l�l�e�c�t� �h�u�m�a�n� �b�o�d�y� �m�e�a�s�u�r�e�m�e�n�t�s�.� �A� �l�a�s�e�r� �l�i�g�h�t� �i�s� �p�r�o�j�e�c�t�e�d� 

�o�n�t�o� �a� �b�o�d�y� �s�u�r�f�a�c�e� �f�r�o�m� �t�h�e� �s�c�a�n�n�e�r� �w�h�i�c�h� �r�o�t�a�t�e�s� �a�r�o�u�n�d� �t�h�e� �p�e�r�s�o�n�'�s� 

�b�o�d�y� �t�o� �c�o�l�l�e�c�t� �m�e�a�s�u�r�e�m�e�n�t�s� �(�p�e�r�s�o�n�a�l� �c�o�r�r�e�s�p�o�n�d�e�n�c�e�,� �G�.� �Z�e�h�n�e�r�,� 

�J�a�n�u�a�r�y�,� �1�9�8�9�)�.� �A�n� �a�d�v�a�n�t�a�g�e� �o�f� �t�h�i�s� �s�y�s�t�e�m� �i�s� �t�h�a�t� �t�h�e� �a�b�s�o�l�u�t�e� 

�c�o�o�r�d�i�n�a�t�e�s� �o�f� �t�h�e� �t�h�r�e�e�-�d�i�m�e�n�s�i�o�n�a�l� �p�o�i�n�t� �a�r�e� �d�e�t�e�r�m�i�n�e�d� �a�t� �h�i�g�h� �s�p�e�e�d� 

�a�n�d� �n�o� �h�u�m�a�n� �i�n�t�e�r�v�e�n�t�i�o�n� �i�s� �r�e�q�u�i�r�e�d�.� �A� �c�o�m�p�u�t�e�r� �a�u�t�o�m�a�t�i�c�a�l�l�y� 

�p�r�o�c�e�s�s�e�s� �t�h�e� �x�,�y� �a�n�d� �z� �c�o�o�r�d�i�n�a�t�e� �i�n�f�o�r�m�a�t�i�o�n�.� 

�T�h�e� �t�i�m�e� �r�e�q�u�i�r�e�d� �t�o� �c�o�m�p�l�e�t�e� �a� �s�c�a�n� �o�f� �t�h�e� �e�n�t�i�r�e� �b�o�d�y� �i�s� �a� 

�d�i�s�a�d�v�a�n�t�a�g�e� �o�f� �t�h�i�s� �m�e�t�h�o�d�.� �B�e�c�a�u�s�e� �t�h�e� �s�c�a�n�n�i�n�g� �p�r�o�c�e�s�s� �i�s� �q�u�i�t�e� 

�t�i�m�e�-�c�o�n�s�u�m�i�n�g� �p�r�o�b�l�e�m�s� �m�a�y� �a�r�i�s�e� �d�u�e� �t�o� �s�u�b�j�e�c�t� �m�o�t�i�o�n� �(�K�u�h�l�m�a�n�,� �1�9�8�8�)�.� 

�A�l�s�o�,� �t�h�e� �q�u�e�s�t�i�o�n� �r�e�g�a�r�d�i�n�g� �t�h�e� �i�n�t�e�n�s�i�t�y� �o�f� �l�a�s�e�r� �p�u�l�s�e�s� �w�h�i�c�h� �i�s� 

�d�e�t�r�i�m�e�n�t�a�l� �t�o� �h�u�m�a�n� �s�u�b�j�e�c�t�s� �m�u�s�t� �b�e� �c�o�n�s�i�d�e�r�e�d�.� 

�H�o�l�o�g�r�a�p�h�y� 
 ��L�a�s�e�r� �h�o�l�o�g�r�a�p�h�y� �i�s� �a� �m�e�a�n�s� �o�f� �e�n�c�o�d�i�n�g� �a�n� �i�m�a�g�e� �o�f� �a� �t�h�r�e�e� 

�d�i�m�e�n�s�i�o�n�a�l� �s�c�e�n�e� �o�n�t�o� �a� �t�w�o� �d�i�m�e�n�s�i�o�n�a�l� �p�h�o�t�o�g�r�a�p�h�i�c� �p�l�a�t�e�"� �(�B�u�r�w�e�l�l�,� 

�1�9�7�7�,� �p�.� �6�5�)�.� �A�n� �i�n�t�e�r�f�e�r�e�n�c�e� �p�a�t�t�e�r�n� �i�s� �g�e�n�e�r�a�t�e�d� �b�e�t�w�e�e�n� �a� �r�e�f�e�r�e�n�c�e� 

�b�e�a�m� �a�n�d� �t�h�e� �l�i�g�h�t� �r�e�f�l�e�c�t�e�d� �f�r�o�m� �t�h�e� �o�b�j�e�c�t�.� �T�h�e� �p�l�a�t�e� �i�s� �t�h�e�n� 

�i�l�l�u�m�i�n�a�t�e�d� �w�i�t�h� �a� �l�a�s�e�r� �o�r� �o�t�h�e�r� �c�o�h�e�r�e�n�t� �l�i�g�h�t� �s�o�u�r�c�e� �t�o� �p�r�o�d�u�c�e� �a



�5�6� 

�t�h�r�e�e�-�d�i�m�e�n�s�i�o�n�a�l� �e�f�f�e�c�t�.� 

�A� �h�o�l�o�g�r�a�m� �c�a�n� �b�e� �c�o�n�s�t�r�u�c�t�e�d� �a�n�d� �u�s�e�d� �v�e�r�y� �m�u�c�h� �l�i�k�e� �a� 

�s�t�e�r�e�o�m�e�t�r�i�c� �m�o�d�e�l�.� �H�o�w�e�v�e�r�,� �b�e�c�a�u�s�e� �t�h�e� �h�o�l�o�g�r�a�m� �i�s� �a�n� �o�p�t�i�c�a�l� 

�i�n�t�e�r�f�e�r�e�n�c�e� �p�a�t�t�e�r�n� �b�o�t�h� �t�h�e� �o�b�j�e�c�t� �a�n�d� �t�h�e� �o�p�t�i�c�a�l� �s�y�s�t�e�m� �m�u�s�t� �b�e� 

�d�i�m�e�n�s�i�o�n�a�l�l�y� �s�t�a�b�l�e� �t�o� �a� �v�e�r�y� �h�i�g�h� �d�e�g�r�e�e� �( ��m�e�a�s�u�r�e�d� �i�n� �t�e�r�m�s� �o�f� �a� 

�f�r�a�c�t�i�o�n� �o�f� �a� �w�a�v�e�l�e�n�g�t�h�)� �d�u�r�i�n�g� �t�h�e� �t�i�m�e� �o�f� �e�x�p�o�s�u�r�e�.� �T�h�i�s� �r�e�q�u�i�r�e�s� 

�t�h�a�t� �t�h�e�r�e� �b�e� �n�o� �v�i�b�r�a�t�i�o�n�.� �T�h�i�s� �w�o�u�l�d� �b�e� �v�i�r�t�u�a�l�l�y� �i�m�p�o�s�s�i�b�l�e� �w�i�t�h� �a� 

�l�i�v�i�n�g� �h�u�m�a�n� �b�o�d�y�.� �A� �h�o�l�o�g�r�a�m� �a�l�s�o� �r�e�q�u�i�r�e�s� �t�h�e� �u�s�e� �o�f� �c�o�h�e�r�e�n�t� �l�i�g�h�t� 

�f�o�r� �i�l�l�u�m�i�n�a�t�i�o�n� �o�f� �b�o�t�h� �t�h�e� �o�b�j�e�c�t� �a�n�d� �t�h�e� �p�h�o�t�o�g�r�a�p�h�i�c� �p�l�a�t�e�.� �T�h�e� 

�d�e�v�e�l�o�p�m�e�n�t�s� �i�n� �h�o�l�o�g�r�a�p�h�y� �a�l�s�o� �r�e�s�t�r�i�c�t� �t�h�e� �s�i�z�e� �o�f� �t�h�e� �o�b�j�e�c�t� �t�o� �b�e� 

�m�e�a�s�u�r�e�d� �t�o� �o�n�l�y� �a� �f�e�w� �i�n�c�h�e�s� �i�n� �e�a�c�h� �o�f� �t�h�r�e�e� �d�i�m�e�n�s�i�o�n�s�.� 

�A�d�v�a�n�c�e�s� �i�n� �l�a�s�e�r� �h�o�l�o�g�r�a�p�h�y� �h�a�v�e� �m�a�d�e� �i�t� �p�o�s�s�i�b�l�e� �t�o� �u�s�e� �l�o�w�e�r� 

�p�u�l�s�e�d� �l�a�s�e�r�s� �w�h�i�c�h� �m�a�y� �m�a�k�e� �t�h�e�m� �i�n�c�r�e�a�s�i�n�g�l�y� �s�a�f�e� �f�o�r� �u�s�e� �w�i�t�h� �h�u�m�a�n� 

�s�u�b�j�e�c�t�s�.� �H�o�w�e�v�e�r�,� �t�h�e� �p�o�s�s�i�b�i�l�i�t�y� �o�f� �r�i�s�k� �t�o� �h�u�m�a�n� �s�u�b�j�e�c�t�s� �m�u�s�t� �s�t�i�l�l� 

�b�e� �c�o�n�s�i�d�e�r�e�d�.� �A�n�o�t�h�e�r� �p�r�o�b�l�e�m� �a�s�s�o�c�i�a�t�e�d� �w�i�t�h� �t�h�e� �u�s�e� �o�f� �h�o�l�o�g�r�a�m�s� �i�s� 

�t�h�a�t� �t�h�e� �e�x�t�r�a�c�t�i�o�n� �o�f� �n�u�m�e�r�i�c�a�l� �d�a�t�a� �w�i�t�h� �t�h�i�s� �m�e�t�h�o�d� �i�s� �d�i�f�f�i�c�u�l�t�.� �A� 

�h�o�l�o�g�r�a�m� �w�o�u�l�d� �b�e� �a� �p�r�e�f�e�r�a�b�l�e� �m�e�t�h�o�d� �o�f� �m�e�a�s�u�r�e�m�e�n�t� �w�h�e�n� �t�h�r�e�e�-� 

�d�i�m�e�n�s�i�o�n�a�l� �i�n�f�o�r�m�a�t�i�o�n� �n�e�e�d�e�d� �t�o� �b�e� �s�t�o�r�e�d� �a�n�d� �l�a�t�e�r� �d�i�s�p�l�a�y�e�d� 

�(�M�i�k�h�a�i�l�,� �1�9�7�4�)�.� 

�L�i�g�h�t� �P�r�o�j�e�c�t�i�o�n� 
�T�h�e� �u�s�e� �o�f� �o�p�t�i�c�s� �i�s� �w�e�l�l�-�s�u�i�t�e�d� �f�o�r� �o�b�t�a�i�n�i�n�g� �t�h�r�e�e�-�d�i�m�e�n�s�i�o�n�a�l� 

�m�e�a�s�u�r�e�m�e�n�t�s� �e�s�p�e�c�i�a�l�l�y� �w�i�t�h� �t�h�e� �h�u�m�a�n� �b�o�d�y�.� �O�p�t�i�c�a�l� �m�e�t�h�o�d�s� �a�r�e� �n�o�t� 

�o�n�l�y� �n�o�n�-�i�n�v�a�s�i�v�e�,� �n�o�n�-�c�o�n�t�a�c�t� �m�e�t�h�o�d�s� �o�f� �m�e�a�s�u�r�e�m�e�n�t� �b�u�t� �t�h�e� �r�a�n�g�e� 

�i�n�f�o�r�m�a�t�i�o�n� �d�e�r�i�v�e�d� �f�r�o�m� �t�h�e�s�e� �m�e�t�h�o�d�s� �i�s� �h�i�g�h�l�y� �a�c�c�u�r�a�t�e� �a�s� �w�e�l�l�.� 

�T�h�e� �p�r�o�b�l�e�m� �o�f� �i�d�e�n�t�i�f�y�i�n�g� �c�o�r�r�e�s�p�o�n�d�i�n�g� �p�o�i�n�t�s� �i�n� �t�w�o� �o�r� �m�o�r�e� 

�i�m�a�g�e�s�,� �a�s� �e�x�p�e�r�i�e�n�c�e�d� �w�i�t�h� �s�t�e�r�e�o�p�h�o�t�o�g�r�a�p�h�y�,� �c�a�n� �b�e� �a�v�o�i�d�e�d� �b�y� �u�s�i�n�g� �a


