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Digital Correlation Principles* 
They were investigated by building an attachment to a 
photogrammetric instrument, an analytical plotter, to allow 
simultaneous density measurement of a stereopair of 
photographs. 

INTRODUCTION 
UTOMATIC DETECTION of changes in an object 

A m a y  require the correlation of a number of 
photographs of the object. A practical exam- 
ple of this is the correlation of a number of 
satellite or aerial photographs. 

Mapping, on the other hand, requires the 
correlation of a stereopair of photographs. As 
this is usually the situation in practice, the 

density measurement of' a stereopair of 
photographs. 

The results indicate considerable simplifi- 
cation in the correlation of a stereopair of 
photographs, and, consequently, a reduction 
in the cost of a correlator based on such prin- 
ciple. Also, it appears that digital correlation 
is the simplest way of realizing the two prin- 
ciples. 

-- - - 

ABSTRACT: TWO principles for digital correlation are: one is based on 
referring photographic densities to object points in an object coordi- 
nate system and can be used in change detection in the object; the 
other is based on scanning the stereo model in epipolar planes and can 
be used in mapping applications. The principles simplify the problem 
of correlation. A prototype incorporates the principles. 

photographs are taken from different posi- The principles are first explained. The 
tions and with different tilts. This obviously density-measuring attachment to the plotter 
results in a change in the geometry of pat- is then described followed by some of the 
terns depicted on the photographs. Added to results obtained. 
the changes in the photographic circum- 
stances, this magnifies the problem of THE TWO PRINCIPLES 
correlation. 

This paper shows that the correlation is To illustrate the two principles, consider a 
greatly simplified if we keep in mind the stereopair of photographs which are rela- 
geometric relationships between the photo- tively oriented in a photogrammetric instru- 
graphs, andbetween the photographs and the ment (Figure 1). Suppose that the density- 
object. Based on this, two principles are ex- measuring attachment to the instrument is 
plained here; one for change detection and the built and calibrated SO that if any point P is 
other for mapping. observed in the stereomodel space, the two 

The geometric relationships between the densities at the image points and p2 are 
photographs and the object are considered in measured. We can then relate the densities of 
the photogrammetric plotters. The principles the points P I  and ~2 to the coordinates of the 
were, therefore, investigated by building an object point P. If densities from other photo- 
attachment to a photogrammetric instrument, graphs are related to the coordinates of P, the 
an analytical plotter, to allow simultaneous correlation of the different densities for the 

purpose of detecting changes in the object 
*Presented at the XI1 Congress of the Inter- Can be easily performed. We now 

national Society of Photogrammetry, Commission the first principle: to detect automatically 
11, Ottawa, July-August 1972, under the title, "The changes in an object through the correlation 
Analytical Plotter as a Stereo Microdensitometer". ofphotographic densities, these are related to 
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the object points in an object coordinate sys- 
tem. 

The instruments used in realizing the prin- 
ciple (a densitometer or a photogrammetric 
instrument), and the density sampling (au- 
tomatic or manual) depends on the accuracy 
and the purpose of detecting the changes. 

The second principle becomes apparent if 
we consider the situation of sampling the den- 
sities if moving in the stereomodel space in 
epipolar planes. Any epipolar plane intersects 
the object in one profile and intersects the 
plane of each photograph in a line (L, and L, 
in Figure 1). The two lines are formed of 
the image points of the same object profilt 
and are, consequently, corresponding. Ac- 
cordingly, if this object profile is scanned, 
similar density values will be  measured 
simultaneously. If, on the other hand, the 
scanning is performed along the line of inter- 
section of the  epipolar plane with the  
XY-plane, similar density values will not be 
measured simultaneously. The lagging be- 
tween measuring the similar densities of one 
object point P ,  say, is a function of the 
2-coordinate of P in relation to the plane of 
scanning XY. The search for similar density 
values and, consequently, corresponding 
image points, can thus be reduced to one 
direction-that of the scan line. 

We may now introduce the second princi- 
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FIG. 1. The epipolar principle. Scanning is per- 
formed in epipolar planes, the densities are con- 
sequently measured along two corresponding 
lines L, and L,. 

ple: to correlate automatically a stereopair of 
photographs the scanning is performed in 
epipolar planes. 

PROTOTYPE 

To test the above principles an attachment 
for measuring the density was built for an 
analytical plotter (model APJ2C). The analyt- 
ical plotter was chosen mainly because of its 
computer control which allowed automatic 
scanning of the model and the synchroniza- 
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FIG. 2. Detail of optical path of one-half of attachment. 
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tion of the scanning and density sampling.' 
The attachment consists of two identical 

halves; one for each photograph of a stereo- 
pair. Figure 2 shows the components of one 
half. 

FUNCTION OF COMPONENTS 

The illuminating system I, and the semi- 
transparent mirror MI illuminate the photo- 
graph for density measurement. The mirror 
Mz and the lens L1 form an image of the 
photograph at infinity. The mirrors M1 and 
Mz are semi-transparent to allow the photo- 
graphs to be viewed also by the optical sys- 
tem of the plotter during the density meas- 
urements. The light source I, illuminates the 
photographs for this purpose. II, M I ,  Mz, Iz, 
and L,  form, together with the optical system 
of the plotter (whose objective is O) ,  one unit 
which moves in X-direction. The photo- 
graphs move in Y direction; thus any point on 
the photograph can be observed. 

The lens Lz forms an image of the photo- 
graph onto a diaphragm H with a pin-hole 
(fraction of a millimeter in diameter). The 
lens L3 is placed with the pin-hole in its focal 
plane so that an image of the pin-hole is 
formed over the area of a photocell C. The 
photocell measures, therefore, the average 
light transmitted through the area of the 
transparency which is imaged to fill the pin- 
hole area. The signal from the cell is am- 
plified and then stored or processed as ex- 
plained below. The components L,, H, LO, C 
and the amplifier form one unit which is 
stationary. Figure 3 shows the plotter and the 
attachment. 

Another arrangement of the components of 
the device is as shown in Figure 4. The prin- 
ciple of this arrangement is the same as that 
explained above. It is, however, more com- 
pact because it utilizes the illuminating sys- 
tem and objective of the plotter. It has also 
the advantage that the length of the optical 
path between the photograph and the photo- 
cell is constant for all the density measure- 
ments. This can give more accurate meas- 
urements. The first arrangement has been 
developed and tested. The second arrange- 
ment is now being developed. 

It can be seen that the arrangement is sim- 
ple. In addition, the components of the at- 
tachment are relatively inexpensive. 

ADJUSTMENT OF THE DEVICE 

Two types of adjustment are necessary: 
The device should be adjusted so that the 
photo point pl (Figure 2) ,  observed at the 
measuring mark of the photogrammetric in- 
strument, is imaged to be at the centre ofthe 
pin-hole H; and 
The outputs from the two amplifiers should 
be adjusted to be equal for equal densities 
observed. 

These adjustments can be simply performed 
and are explained in more detail in an Ap- 
pendix. 

SYNCHRONIZATION OF DENSITY SAMPLING AND SCAN- 

NING 

The outputs from the two amplifiers are in 
the form of continous analogue signals. At 
pre-selected intervals in the model these 
signals are read and stored. The control com- 

FIG. 3. The Analytical Plotter system showing the amplifier and 
photocell attachment of one-half of the prototype mounted onto the 
viewer. 
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FIG. 4. Alternative arrangement of density-measuring device. 

APRC 
Viewer 

(Program B l  

t 
I Control wol~.  ' Anolog. Densities 

P- + 
I B M  360/50 Digital Densities IBM 1827 

Central Process 
Processor Controlkr 

Tape 

FIG. 5. Arrangement for synchronization of density sampling and 
scanning using two real-time programs. 

puter of the plotter and an IBM 360150 are 
interfacedz. The facility was used in the re- 
search in the reading and storage of the sig- 
nals in a digital form. The synchronization of 
the scanning and density sampling was per- 
formed by two real-time programs which 
worked in conjunction with each other. One 
program (referred to hereafter as A) resided 
in the control computer of the plotter and the 
other (referred to as B) in the 360150 compu- 
ter. The arrangement is shown in Figure 5. 
The sequence of communication between 
the programs is indicated next. 

At points of regular intervals in the model, 
programA sends one word to program B. This 
word is either the value of theX-coordinate in 
the model or an end-message, the difference 
being in the bit configuration. If it is a coordi- 
nate, program B reads the digitized-densities 
and sends a word to A indicating that the 
densities are read. Upon its reception, pro- 

gram A drives the photo-carriages to the next 
point, and so on. If the word is an end- 
message, program B closes the storage file. 
The storage is performed by B on magnetic 
tape. 

It may be noted here that it is possible to 
modify the control computer to perform the 
reading and storage operations. Alterna- 
tively, a small general purpose computer can 
be used for this purpose. 

The attachment was used in measuring the 
photographic densities of different aerial 
photographs. Figure 6 demonstrates the sec- 
ond principle. It shows two sample traces on 
a stereopair obtained by scanning while 
keeping the 2-setting of the instrument con- 
stant. The scale of the photographs was 
1: 10,000 and the size of the aperture was 100 
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FIG. 6. Two density traces obtained by scanning a stereopair of photographs in an epipolar plane. 

FIG. 7 .  Sample photogra iisplayed on a CRT 

after its digitization. 0 nal photograph is 
shown in Figure 8. (The digitized photograph 
was displayed at a smaller scale). 

FIG. 8. Part of aerial photograph digitized and then displayed on a CRT 
(Figure 7). 

micrometers. I t  can be seen that the two 
traces are quite similar. An algorithm was 
developed to correlate the density values and 
obtain the height profiles in the model. The 
results obtained will be presented in subse- 
quent publications. 

To test the performance of the prototype, 
the digitized density values of an area of an 
aerial photograph were displayed on a Tek- 

tronix 611 CRT interfaced with the IBM 
360150. This c ~ ~ m o d e l  was not provided with 
means for dynamic change of the spot inten- 
sity. Different levels of gray were, therefore, 
obtained by writing each point on the screen 
a number of times proportional to the density. 
A time-exposure photograph is shown in 
Figure 7 and the original is shown in Figure 
8. 
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ADJUSTMENT A 
The alignment of the pin-hole in relation to 

the measuring mark of the photogrammetric 

instrument was adjusted as followso The 
photocell (Figure 2) is replaced by a light 
source. As a result, an image ofthe pin-hole is 
formed at the plane of the diapositive and 
observed by the optical system of the plotter. 
The position of the pin-hole is then adjusted 
so that its image becomes concentric with 
that of the measuring mark of the plotter. 
(This adjustment may be avoided if the image 
ofthe pin-hole is used as a measuring mark in 
establishing the stereo-model). 

Calibration of the outputs from the two 
amplifiers is obtained using a clear glass 
plate instead of the photographs. The output 
from the right amplifier, for example, is 
measured accurately. The right amplifier and 
photocell are then replaced by the left am- 
plifier and photocell. The gain on the left am- 
plifier is then adjusted to obtain an equal out- 
put. This ensures that for the same light in- 
tensity of two amplifier-photocell combina- 
tions give the same output. The intensity of 
the two light sources (II, Figure 2) are then 
adjusted to be equal by placing the amplifiers 
and photocells back in their positions and 
comparing the two outputs. 

The American Society of Photogrammetry 

publishes two Manuals which are pertinent to its discipline: 

Manual of Photogrammetry (Third Edition) 
Price to Price to 

Members Nonmembers 

1220 pages in 2 volumes, 878 illustrations, 

80 authors. ( Sold only in sets of 2 volumes $19.00 $22.50 

Manual of Color Aerial Photography 
550 pages, 50 full-color aerial photographs, 16 pages 

of Munsell standard color chips, 40 authors $21.00 

Send orders, or requests for further information to 

ASP, 105 N. Virginia Ave., Falls Church, Va. 22046 


