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Abstract 

A computer program has been developed in the 
Coast and Geodetic Survey for the rigorous triangu
lation adjustment of blocks of 200 aerial photographs. 
Preliminary programs serve several purposes: apply 
corrections to image coordinates for lens dis tor tion, 
film distortion and atmospheric refraction; detect 
and eliminate blunders in card order, coordinate 
observation, and control . data; provide provisional 
three-dimensional coordinates to all objects; and 
account for earth curvature. Then the block 
adjustment program is designed to: accommodate any 
number of photographs within the memory capaci ty 
of the computer, utilizing tapes, core, and disk; 
automate the assignment and arrangement of the 
unknowns; apply the fundamental colineation principle 
of projective geometry; assign different classes 
and values of weights to image data and to con t rol 
data; solve the system of equations, using least 
squares, by a modified Gaussian.elimination rou t ine 
which includes a special arrangement for avoiding 
zero multiplications and for making maximum use of 
the computer memory. 
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Block Analytic Aerotriangulation 

Introduction 

Block aerotriangulation consists of the adjust
ment of all the overlapping aerial photographs in 
an extensive area so as to fit ground control data 
and yield accurate coordinates for all the objects 
that are included in the analysis. In the analytic 
approach, image coordinates are measured with a 
comparator in contrast with the analog approach 
where measurements are made with~ stereoscopic 
plotting instrument. 

Block analytic aerotriangulation comprises the 
climax of a series of four. computer programs 
developed by the Coast and Geodetic Survey. Maximum 
acctiracy is the essence of the development and all 
other considerations have been intentionally 
subordihated. Attempts have been made to devise 
the system so that accuracy is limited only by the 
precision of the input data. Nevertheless, consider
able programming is included in an effort to automate 
the operation insofar as arranging the system of 
equations without human intervention. 

1 
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Five previous technical bulletins include 1 
background information. Technical Bulletin No. 21 , 
"Analytic Aerotriangulation, 11 states the basic 
general philosophy and mathematical formulation for 
the system as a whole. Technical Bulletin No. 232, 
"Aerotriangulation Strip Adjustment," documents 
the application of a polynomial equation for 
transforming the data from a strip of aerial 
photographs to fit ground co.ntrol data . This 
technique is applied as a preliminary measure in 
preparation for block adjustment. Technical Bulletin 
No. 253, "Aerotriangulation: Image Coordinate 
Refi nenien t," exp la ins the ma thema ti cal details and 
the computer program used to correct the observed 
image coordinates for the known systematic effects 
of lens distortion, film distortion, etc. This 
routine also constitutes a preliminary opera

4
tion for 

block adjustment. Technical :&.llletin No. 29 , 
"Three-Photo Aero triangulation," describes a 
preliminary photograph ori~ntation arialysis ~nd 
computer program.· Technical :&.llletin No. 32 , 
"Space Resection in Photogrammetry," presents the 
analytic routine that constitutes the mathematical 
unit for block adjustment. Incidently, the 
preliminary programs are applied in the numerical 
sequence 25, 29, · 23, 32, which differs from the 
numbers of the technical bulletins. 

The block adjustment program uses as input the 
output of preliminary computations which are 
discussed presently. The computation solves for 
corrections to provisional and approximate data 
so as to minimize the discrepancies of observed 
image coordinages based on the colineation con
dition (Schmid ) wherein each set of three points, 
consisting of image, lens, and corresponding 
object, must lie on a common straight line. 

The output consists principally of the.three 
corrected coordinates for each object, together 
with the residual error. of the corresponding images, 
and, if desired, the final values of the six camera · 
parameters for each photograph. The latter data 
may be useful for subsequently orienting a stereoscopic 
plotting instrument or a rectifying camera. 
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Attention is called to the solution of the 
very large set of equations which predominates the 
block adjustment problem. The Fortran program 
provides for a maximum of 200 photographs which 
may generate as many as 5700 unknowns including 
the 1200 unknown camera parameters and 4500 unknown 
corrections to the provisional object coordinates. 
The 1200 camera unknowns form a comparatively dense 
portion of the solution whereas the other 4500 
unknowns contribute somewhat less difficulty to the 
solution. Although a modified Gaussian elimination 
method is used for the solution, roundoff difficulties 
are not expected to be too troublesome, as is explained 
later on. 

Special efforts are made in the program to avoid 
the storage of, and multiplication by, blocks of zero 
coefficients which normally occur in this type of 
solution . The purpose of this consideration is 
primarily to maximize- the efficient utiliza tion _ of 
the memory capacity of the computer, as wel l as to 
expedite the computation. The general subject of 7 
solutions of these equations was discussed by Keller 
and Davis8 in March 1965. The subject also received 
much-attention at the International Symposium on 
Spacial Aerotriangulation at Urbana, Illinois in 
February, 1966, and probably constitutes one of the 
most important items remaining in block aerotriangu l ation 
at this date. 

One of the important features of the overa l l 
system lies in the detection and elimination of human 
blunders during two or· the preliminary computer 
programs, namely, three-photo orientation and strip 
adjustment. Thus the.preliminary programs furn ish 
fairly accurate coordinates of all ground objec t s 
as first approximations for the block adjustment. 
The fact that these coordinates are both accurate 
and free from blunders tends to reduce the number 
of iterations of the block adjustment . 

The Coast &: Geodetic Survey Sys tern 

'rhe aerotriangulation system employed by the 
Coast and Geodetic Survey consists of four part s 
which are discussed presently: (1) three-p ho t o 
orientation, (2) strip adjustment, (3) a coordinate 
transformation that takes earth curvature into 
account, and (4) block adjustment, the last one 
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being the subject of this paper. The purpose of 
the preliminary programs is to furnish imp roved and 
complete data fo~ the block adjustment in an 
effort to reduce the number of iterations of the 
b~ock prob~em to a minimum.· (See Figure 1.) 

Three-Photo Analysis 

The first program,· 11Three-Photo Aerotriangulation"4 
also includes al 1 of the ideas of "Aero tri angul a ti on: 
Image Coordinate Refinement 11 3. .The sequence of the 
input cards is tested. Multiple readings of the·image 
coordinates are averaged and teste.d for gross deviations 
from the mean·. The image ·coo rdi na tes are corr~c te d 
for both symmetric and asymmetrical radial· distortion 
of the camera lens and for"dimensional instability 
of the photographic film. A 6orrection· is also 
incorporated for atmospheric· refraction, but earth 
curvature is accounted for in a ·diffe:r"ent manner which 
is discussed later.. The procedure includes the 
application of the results of the calibration measure
ments of the comparator. 

Not only are the corrected image values used 
in the three-photo solution that follows, but also 
the values are punched. to serve later as input data 
for the block adjustment. The three-photo solution 
derives an orientation of each photograph relative 
to the previous two in a strip and produces coordinates 
of objects in an arbitrary model coordinate system 
which is continuous throughout. the.strip. Residual 
discrepancies are analyzed and blunders are rejected 
by the computer based on a criterion value which the 
photograxnmetrist selects. The colineation principle 
is imposed so that discrepancies of the obser~ed 
image coordinates are minimized through the application 
of least squares. 

Strip Adjustment 

A s econg program, "Aero tri angula ti on Strip 
Adjustment," is used to transform the three-photo 
model coordinates of objects into the prevailing 
ground control coordinate system, fitting control 
data through the application of polynomial formulas 
(which are empirical in a sense) and least squares. 
The results constitute provisional positions and 
elevations of all the objects, including the elevations 
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FLOW DIAGRAM -BLOCK ADJUSTMENT 

PRELIMINARY PROGRAMS 
1. GOORDINA.TE REFI NEMENT AND THREE-PHOTO ORIENTATION 

REMOVE IMAGE COORDINATE BLUNDERS 
2. STRIP ADJUSTMENT TO GROUND CONTROL 

REMOVE· GROUND POSITION BLUNDERS 
3. SECANT PLANE COORDINATE TRANSFORMATION 

TAKE EARTH CURVATURE INTO ACCOUNT 

I NPUT PROVISIONAL GROUND POSITIONS 

,
+ 

INPUT REFINED IMAGE COORDINATES-ONE PHOTO 
-, 
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SPACE RESECTION-ONE PHOTO 

NO 1-------""'{ LAST PHOTO? 

: ONTR IBUTIONS TO NORMAL EQU ATI ONS- ONE 

1--~~~~~---< LAST PHOTO? 

MATRIX SOLUTION 

ANGLE CORRECTIONS~10-5 RADIANS? 

OUTPUT: OBJECT X, Y, Z's 
PLATE RESIDUALS 
CAMERA PARAME TER 

OBJECT-INTERSECTI ON PHA SE TO COMPUTE .X, Y, Z's AND 
PLATE RESI DUALS OF "OTHER" OBJECTS (UNLIMITED) 

SECANT PLANE COORDINATE TRAtJSFORMATION-INVERSE 
COMPUTE GROUND X Y Z COORDINATES 

Figure 1 
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I 
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of horizontal control stations and the horiz ontal 
coordinates of ve~tical control stations. If the 
resultant adjustment contains large residual 
discrep ancies, the difficulties are detected by 
human inspection and corrected. The accuracy is 
usually adequate for ordinary, subsequent map 
compilation operations. This program can a l s o be 
used to adjust a strip which contains no contro l 
points to fit common points of an adjacent s t ri p . 

Earth Curvature Transformation 

The scheme (the secant-plane system) ou tlined 
in Technical Bulletin No. 21 has been applied i n 
most of the work to date. The geometry is complete l y 
rigorous. The application requires two spe ci al 
computer operations which are entirely adequate. 

Before the block ad justment is begun, the 
provisional coordin~tes (usually in one of t he 
state plane systems~) of the objects are transformed 
into this special geocentric system which has been 
called the secant plane system. At the present t ime 
a separate computer program is used for thi s o p era t ion 
but is now being incorporated into the block ad jus t 
ment program as a subroutine. The formulas wele 
stated on page 15 of Technical Bulletin No. 21 and 
the computer progr~ has been published in a 
monogram by Umbach . The block adjustment is 
completed with the object coordinates in the secant 
plane system after which they are transformed back 
into, say, the state plane coordinate system through 
the application of th& same program operated in i ts 
inverse mode. The solution first transforms the 
state plane coordinates X, Y, h (furnished by t he 
Strip Adjustment programT into-latitude, longi tude 
and elevation ( ~ , \ ,h), and then into X, Y, .:f 
relative to a plane which is secant to the earth a t 
the center of the area being triangulated in such 
a manner that the Z coordinates are all positive. 
The inverse procedure is also in two stages: X, Y, 
Z to ~' A, h and~, A, h into the X, Y, h state -
plane-system. - - - -

Block Adjustment 

If maximum accuracy is required for a p hotogram
metric survey, or if more than one strip of p hotographs 
is involved, the block adjustment routine is appli edJ 
based on the refined image coordinates and t he 
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provisional object coordinates. The adjustment of 
the block is not influenced by the polynomial 
formulas used in strip adjustment. 

Block adjustment itself may be defined as 
"simultaneous resection". Resection, in turn, is 
defined (see "Space Resection in Photogramrnetry"5) 
as the de term.in a ti on of the three linear e lernen ts 
of position and the thr.ee angular elements of 
ori en ta ti on of the aerial camera when it. took a 
given photograph. The same colineation principle 
is applied. as in the three-photograph 13olution used 
earlier, but in block adjustment all the photographs 
of all the strips of a mapping project are dealt 
with simultaneously in a manner that also imposes 
all the ground control data. 

The unknown parameters of the block adjustment 
consist of corrections to the six elements of 
resection for each photograph together with corrections 
to the three provisional coordinates of each object. 
The simultaneous observation equations include all 
these unknowns in a single very large matri.x solution. 
The major chore of the block adjustment computation 
relates to the solution of this matrix in a manner 
which efficiently utilizes the memory capacity of 
the computer. 

Ma thema ti cal Basis 

Photogrammetric Formulation 

The equations of colinearity (projective 
trans form.a ti on) are stated as follows without 1• 
derivation as they were established in the reference 

x ( X- Xo) a1 l + (Y- Y0 ) a 1 2 + (Z-Zo)813 = z (X-Xo)a31 + (Y-Y0 )a32 + (Z-Z0 ) a:p 

y ( x- Xo) a2 l + (Y-Y0 )a22 + (Z-Z 0 )a2 3 

z ( X- Xo) &31 + ( Y- Yo) a 3 2 + ( Z-Zo) a 3 3 ( 1) 
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Here x and :1. are image coordinates based on the 
princTpal point as origin, ~ is the calibrated 
focal length of the camera considered as having 
a negative sign, X, Y, Z are the ground rectangular 
coordinates of the corresponding object, Xo, Yo, 
Zo are the initially unknown coordinates of tne 
camera in the ground system, and the a's (also un
known initially) are the direction cosines that 
indicate the relative angular orientations of the 
image and ground coordinate axes. 

The values of x and :1. for a set of images are 
measured (observed) with a comparator, z is considered 
to be a known constant, and X, Y, Z are-the ground 
coordinates of an object. X0 , Y0 ,-Z0 constitute the 
three rectangular coordinates of the camera station 
as derived during a routine called resection which 
is explained presently. 

Three angles w, ro, K constitute the three 
angular parameters whose values are required for 
each photograph. These values are related to the 
a's as follows: 

[

a11 012 au1 

A = au 022 a23J 

all au an 

[ 

cos ¢i cos I( 

= -co~¢i sin" 

sm ¢i 

cos w sin"+ sin w sin ¢i cos" 

cos w cos" - sin w sin ¢i sin" 

-sin w cos ¢i 

sin w sin i.: - cos w sin ¢i cos a:) 
I 

sin w cos 1<. + cos w sin ¢i sin "J · 
cos w cos ¢i 

Equation 1 constitutes the pair of equations 
that define a straight line in space which passes 
through three points: an object at X, Y, Z; the 
camera station (lens point, or perspective-center) 
at Xo, Y0 , Z0 ; and the corresponding image at 
~' ~' z-: Tne equations are said to define a 
proJective transformation. They are used here 
(see also Schmid, 1959b) to establish the fundamental 
geometric condition on which the photogrammetric 
analysis is based. 

(2) 
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In Equation 1 the terms x, ~' ~ are considered 
as known. The first two coorainates are considered 
to be subject to random accidental errors of 
observation, but z is considered to be a fixed 
constant. 

All the other terms (w, ~, x, Xo, Yo, Zo, 
X, Y, Z) are initially unknowns whose values are 
to be determined. One is primarily interested in 
X, Y, Z, the ground coordinates of an object; the 
other six terms are essential intermediate values. 

The preliminary programs furnish provisional 
approximate coordinates X, Y, Z of all the objects 
being studied. The first part-of the block 
adjustment computation, called resection, derives 
approximate values of the six unknowns of each 
photograph based on these provisional coordinates 
of 18 objects. 

If these provisional values are substituted 
into Equation 1, the right {computed) side will 
differ from the left (observed) side. The next 
step is to adjust each of the nine terms on the 
right side in a systematic way so that the 
differences (residuals) between the right and 
left sides are minimum in accordance with the 
principles of least squares. The program provides 
a means to adjust simultaneously the data for 1500 
objects imaged on 200 overlapping photographs where 
some of the objects are weighted geodetic control 
stations. 

Linearized observation (adjustment) equations 
are derived from Equations 1: 

+ P1s6X + P1s6Y + P176Z)/q=-P11/q 

(P22~w + P236~ + P24~K - P2s~Xo - P2s~Yo - P27~Zo 

+ P2s6X + P2s6Y + P27~Z)/q=-P21/q 

(J) 
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where the coefficients Pij are defined in determinant 
notation in Table 1: 

Table 1 

I 
x z I 

y z 
Pn = 

A1B A3B 
P21 = 

A2B A3B 

x z y z 
P12 = P22 = 

~ CA3 1IA2 6A3 
Ciro 

9 -8 OOi II ow-• Ow 

I 
x z y z 

Pl3 = OA1
8 OA3I P23 = 

~II OA3 
a .s 5T or• 

x z y z 

P14 = <IA1 ~ P24 = ~ ~ -· Ill( B 0.: B OK B (I.: 

I 
x z 

I 
y z 

P15 = P25 .:: 
en 8 31 8 21 8 31 

I 
x z 

I 
y z 

P16 = P26 = 
a22 8 12 8 32 a32 

I 
x z 

I 
y z 

P17 = P27 = 
813 8 33 8 23 8 33 

The term ..9. is defined as: 

q = A3B = [e.31 B.32 a33] x - Xo 

y - Yo 

z - zo 

The terms on the right sides of Equation 3 are the 
residuals vx and '!..J:.. 
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The partial derivative terms shown in Tab l e 1 
are defined with reference to Equation 2 as f ollows: 

cJA 

aw 

a A 

d<P 

f O -sin w sin"-+ cos w sin <P cos" cos w sin IC + sin w sin <P cos «1 

10 
-sin w cos" - cos w sin <P sin IC '°' w M < ~ 'in w 'in q. 'in •I 

\0 -cos w cos <P -sin w cos <P 

0 -au 

""] 0 -a~i an 

0 -aa~ On 

-sin <P cos" 

sin <fl sin K 

cos "' 

-cos <P sin" 

-COS </J \'OSK 

() 

0 () 

sin w cos <P cos..: - cos w cos"' cos II'] 
-sin w cos <P sin K cos w cos : sin 111 

sin w sin <P - cos ru sin rp 

cos w cos K - sin w sin <P sin" 

-cos w sin" - sin w sin <P cos" 

sin w cos IC+ cos w si,n <fl sin.:] 

-sin w sin"-+ cos w sin <P cou 

0 0 

0 (4a) 
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The subscript, as in (dA1 /aw)B and (aA 1 /a~)B, is the 
matrix notation for Dhe scalar product 

x - Xo 

y - Yo 

Z - Z0 

Because the £-coefficients in Equation 3 are 
evaluated in Table 1 based on approximate values of 
the nine variables, the results (adjustments to the 
approximations) from a solution of the equations 

(4b) 

will also be approximate. But a second solution using 
the adjusted values will be more favorable, yielding 
further adjustments which are of smaller size than 
before. If this sequence (iteration) is repeated, 
the adjustments eventually become so small that they 
are insignificant. This program is arbitrarily 
instructed to terminate when 6w, 6~, bK are all less 
than 10- 6 radian (about 2 arc seconds). 

Resection 

Resection, as noted above, constitutes a scheme 
for determining first approximations for w, ~, K, 
Xo, Y0 , Zo for each photograph based on the provisional 
coordinates of 18 objects. The routine is a 
relatively short one involving only the six unknowns, 
and is utilized only once for each photograph. The 
observation equations for resection are nearly 
identical to Equation 3 except that the terms in X, 
Y, Z are not present: -

(P126w + P136~ + P146W - P1s6Xo - P166Yo -P116Zo)/q 

= -P11/q 

(P226W + P236~ + P246w - P2s6Xo - P2st-Yo -pz76Zo)/q 

= -P21/q 

in which Eij and 3 have the same formulas as before. 
The scheme of iteration also applies to resection, 
terminating when the angular adjustments are less 
than 10- 6

• 

( 5) 
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Furthermore, as soon as the resection routine 
is completed, the block adjustment observation 
equations can be formed readily from the resection 
data that are already in the computer memory 
because the two solutions utilize the same formulas. 
Consequently, block adjustment has been referred 
to as "simultaneous resection", whereas resection 
is concerned only with independent photographs. 

Solution of the Equations 

The same modified Gaussian (Gauss-Cholesky) 
system of elimination is used to solve the system 
of equations as was used in all of previous 
publications except that the terms of the equations 
are located in four submatrices. 

It is recognized that large systems of equation~ 
treated by this method may not result in a satisfactory 
solution because of the rounding of numbers arising 
from repeated multiplications. However, this difficulty 
is not expected to be significant here because of 
several. factors. Similar solutions in the adjustment 
of very large networks in classical geodesy have 
always been satisfactory, as well as no difficulties 
were encountered in the solution of two previous 
block adjustments involving 40 photographs each. 
The computer being used has a 14-digit word length 
and applies floating point arithmetic, whence a need 
for double precision is not anticipated. The 
solution determines minor corrections to data which 
are already fairly accurate: consequently the 
corrections are relatively small and the observation 
equations are essentially linear throughout the 
range of correction. Each repetition or iteration 
is based on a new sat of coefficients which, in turn, 
are based on corrected values of the parameters. 
It has been noted in tests by desk calculator that 
the average size of the corrections on any iteration 
is about one-tenth the size on the previous iteration. 
Evidently a system would continue to converge rapidly 
so long as the leading one or two significant digits 
of the corrections remain undamaged by the encroach
ment of roundoff discrepancies. 
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Unknowns and Control 

The number of unknowns and stmultaneous equations 
is large indeed. As each image yields two observation 
equations (Equation 3), a total of 3600 such equations 
are :nvolved in 200 photographs of 18 points each. 
Each photograph contains 6 unknowns for a total of 
about 1200 if the photographic overlap is 60 per cent 
in both directions and the area is approximately square. 
The total of 2000 unknowns is essentially for a total 
of 5700 unknowns which might be approached if the side 
overlap is 30 per cent and the area differs from a 
square shape. 

The procedure does not yield a solution unless 
control data are enforced by the weighting system. 
Minimum control (the unique case) occurs if two 
horizontal positions and three elevations are used. 
The accuracy of the system improves with an increase 
in the number of control points. It is considered 
that the perimeter of the area should contain a 
scheme of horizontal control points, with more in 
the interior if possible. A perimeter spacin~ of 
five photographs per point may be adequate for many 
applications. The number of vertical control points 
should be perhaps double the horizontal, and should 
include regularly spaced interior points in view of 
the fact that the geometric accuracy in the vertical 
direction is inherently inferior to the horizontal 
accuracy. 

Weighted Observations 

The program provides for two kinds of weighting. 
Each pair of observation equations can be weighted 
if desired relative to the distance the image lies 
from the center of the photograph as it is realized 
that image resolution degrades with radial distance. 
Advantage is taken of the fact that the images are 
ordinarily selected near specific locations: near 
the center, near the mid-sides, and near the corners. 
No decision has yet been made as to what weight 
values will be employed, but it is expected that they 
will differ only slightly fron unity. 



Contr~ points are weighted in two distinct 
manners which may seem to differ somewhat from the 
classic weighting and condition equations used in 
geodetic computations. One type of weight 
(collineation weight) is simply a factor which is 
used to multiply all the terms of the pair of obser
vation equations. It was found that without this 
weight the residual errors at control stations were 
frequently larger than those at pass points nearby, 
a condition that is attributed to the fact that the 
number of pass points normally exceeds considerably 
the number of control points. The value of the 
weight can be selected by the photogrammetrist in 
accordance with the specific operational conditions 
of the project, such as targeted or untargeted 
control stations . 

The other kind of control weight (position 
weight) consists of factors which multiply appropriate 
diagonal coefficients in the set of normal equations. 
A different number may be used for the X and Y terms 
than the Z term. The effect of this type of weight 
is to control the degree of agreement with control data . 
A large number, such as 100, causes essentially exact 
agreement: if a control point is known to have an 
inferior order of accuracy, the agreement can be 
allowed to deviate a small amount by using a relatively 
smaller number. 

Special provisions are not included for weighting 
"tie" points because the program is designed primarily 
for a side overlap of 60 per cent which eliminates the 
need for tie points. ("Tie" points are common images 
specially selected on overlapping strips of photographs 
where the~ points of one strip do not fall in 
appropriate locations in an adjoining strip necessi 
tating that the pass points for the two strips be 
selected independently . ) Nevertheless, where 30 per 
cent side overlap is encountered, tie points can be 
weighted by (a) modifying the program accordingly, 
or {b) duplicating the image input card as many times 
as one considers appropriate. The reason for weighting 
tie points is that sometimes the residual discrepancies 
have a tendency to become unacceptably large because 
the equations are outnumbered by the pass point 
equations which dominate the adjustment. 
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Intersection 

Intersection is the name of the solution that 
yields the ground X, Y, Z of an object based on 
known image coordinates,-camera stations, and 
orientation data for two (or more) photographs. 
The subject was discussed in Reference 1 under 
Equations 25, 26, and 27, and in Reference 4 under 
Equation 6. Here, however, the method of solution 
has been modified in order to accommodate any 
number of photographs in any juxtaposition. 
Previously it had been assumed that the air base 
was parallel to the X-axis: but this assumption 
is not valid in a free block adjustment. Moreover, 
an object may be imaged on more than two photo
graphs, and it is desirable to include all the 
observations in order to obtain a rigorous solution 
which minimizes the observation discrepancies. 

The collinearity Equation 1 can also be 
expressed in determinant and matrix form as in 
the reference: 

x z 
= 0 (=pl l ) 

( A1 • B) ( A
3 

• B) 

y z 

( A2 • B) ( A3 • B) = 0 (=P21) 

or 

( A3 • B) x - ( A1 • B) z -:= 0 

( A3 • B) y ( A2 • B) z = 0 

A plate residual v - may be defined as 

v = x xobserved - xcomputed . 

( 6) 

( 7) 

The computed coordinates are expressed by Equations 
6, and are, explicitly, 

x = z (Al • B) I ( A3 • B) 

y = z ( A2 • B) / ( A3 • B) (8) 
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If Equations 8 are substituted into 7, 

- z 

If both equations are multiplied by (A3 .B) (a 
scalar product which represents the height of 
the camera above the object), 

(A3 .B) vx = (A3 .B) x - (A1 .B) z 

( 9) 

(A2 • B) z (lo) 

The term (A3 .B) varies from photograph to 
photograph. Consequently, each of the two to nine 
patrs of observations Equations 9 and 10 has a 
unique multiplier. Tnis fact has little signif
icance except in jnstances where the flying 
heights differ si~nificantly -- they may well 
differ a considerable amount for adjacent flight 
lines and for extra cross flights purposely taken 
at different heights. 

If the right side of Equations 10 are 
expressed in terms of X, Y, ~' the E-terms are 
as stated in Table l,and ~ = (A~.B), then the 
observation equations for intersection are: 

v x = (Pi s x + P i 6 Y +pi 7 Z) I q 

VY= (P2sX+p25 Y+p27Z)/q 

(p1sXo+p16 Yo+P17 Zo) /q 

(p2 s Xo +p2 5 Yo +p2 7 Zo) I q 

Tne terms :!...x. and :!y are set equal to zero and the 
"constant" terms are transposed to the right side 
of the equal sign: 

( 11) 

(P1sX+P1sY+p17Z)/q = (P1sXo+P1s Yo+P17Zo)/q 

(P2sX+p25Y+p27Z)/q = (P2sXo+P2sYo+PnZo)/q .(12) 

A scheme for the actual solution of a set of 
Equations 12 involves two (or more) iterations where 
it is assumed that~= 1 in the initial solution, 
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which yields fair values for X, Y, z. In the 
succeeding iterations, 3 has the-vaTue A3 B. A 
possible test for termination is when t""fi'El"change 
in microns for both X and Yon successive 
iterations is insignificantly small, such .as 
less than one-tenth micron (10- 7 meter). The 
scale factor is f/(A 3 .B). 

The intersection computation is accomplished 
through the application of Subroutine Insect 
written in Fortran at the end of the Program. The 
input and computation are performed after the main 
block adjustment is completed, using the adjusted 
camera data already in the memory. The input are 
presorted so that all the data relative to each 
given object are together, but the card sequence 
within each set is immaterial. The data for each 
object are input, computed, and output before the 
data for the next object are input; consequently 
the intersection problem can be computed for an 
unlimited number of objects. The number of pho t o 
images associated with each object is also 
virtually unlimited because the relevant computer 
array will accommodate as many as 100 images 
although 9 is the maximum number usually encountered 
with 60 per cent side ove~lap. 
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Features of the Program 

Some of the features and limitations of this 
version of the block adjustment program are con
sidered to be pertinent to this report in view of 
the fact that the program is continually being 
revised and added to. 

In addition to this 200-photograph version, 
programs are also in current operation for 20 and 
for 185 photographs. Other versions will probably 
be added in the future for 50 or for 100 photo
graphs. The reason for the special sizes is 
related to the large amount of computer time 
required for a solution; the time is reduced 
considerably if some of the storage arrays on 
disk can be eliminated by retaining the data in 
core memory. Because the core memory capacity 
is completely used in the 200-photograph version 
with additional data stored on disk, and because 
disk operations are relatively slow (compared to 
core), any large reduction in the dimensions 
needed for the arrays allows the programmer tqe 
opportunity of reducing the disk look-up opera
tions. (This report documents the 200 photograph 
version es though it was "frozen" in February 
1967. ) 

The present program constitutes, in a sense, 
a "skeleton" type of solution to which may be 
added numerous features in the future. The 
urgency in producing a practical operating system 
for the immediate use of the Coast end Geodetic 
Survey precluded the addition of some convenient 
features in the initial version. Consequently, 
the program containing only the necessary features 
was made available early in 1966 in ample time for 
a very large adjustment that had been scheduled. 
Moreover, the program minimizes the amount of 
human effort ordinarily needed in setting up a 
computation, although it is now recognized that 
it may be profitable to devote further study to 
some of the details of optimization in future 
versions. 
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The program is based entirely on t he collinea
tion principle. The ground coordinates of the pass
points, control stations, and other points as 
desired, are i ncluded as a part of the main scheme 
of the adjustment. Although the inclusion of these 
parameters causes t he matrix to be very large, the 
benefit to the rigor of the adjustment is considered 
to be worthwhile. 

Nevertheless, an intersection routine is included 
outside of the main adJustment scheme to determine the 
coordinates of "other" or "extra" points which are not 
considered to be necessary to the adjustment. The 18 
pass points per photograph in addition to the control 
points are considered to provide sufficient data on 
w~ich to base a rigorous adjustment. The intersec t ion 
routine (also based on t he collinea t ion principle) is 
then applied, based on the adjusted data after the 
main adjustment has been comple t ed. Incidently, 
observed image c oordinate data from all the per t inen t 
photographs are utilized in a least-squares manner. 

This block adjustment system is independent from 
the relative configuration of the photographs that 
comprise the block . For example, the block can con
sist of a single strip , overlapping strips, intersecting 
strips, cross flights, photographs taken from different 
cameras, and photographs taken from different altitudes 
all with very little human pre-organization by the 
photogramme t rists. The organization of the computation 
is embodied in the program and is based to a large 
extent on t he imag e numbering system. 

The block adjustment itself is a single-pass 
computation, although three low-cost prel iminary 
programs (three-photo, strip adjustmen t , ear t h 
curvature transformation) are employed . Needless 
to say, all these prog rams can possibly be combined 
if deemed neces s ary and if computer memory capacity 
is available. However, the first two preliminary 
programs are very useful for detecting and 
eliminating blunders in the data before the compara
tively expensive block adjustment is attempted; this 
results in a minimum number of iterations. (Recent 
adjustments have required only a single iteration.) 
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The recognition of ell known sources of 
systematic errors is included in the first pre
liminary program. That program can readily be 
modified to include any new information relati ve 
to the lens, film, comparator, atmosphere, etc. 

Although a pertly-empirical polynomial 
fitting is used in the strip adjustment prelim
inary program, the polynomial does not influence 
the accuracy of the block adjustment except es 
it may increase or decrease the number of itera
tions that may be required. 

The preliminary program for earth curva tu re 
(secant plane) transformation hes not yet been 
published. However, the routine hes recently 
been reprogrammed for the same IB!1-7030 computer 
to conform to the desired input and output f o rma t s, 
and to include ell the standard plane coordinates 
systems used in the United States, including the 
UTM system. Tnis program can be obtained on 
request. For local projects of relatively sme l l 
exten t (less than 100 miles), a special simplified 
transformation might be more appr opriate. 

A Geuss-Cholesky direct system of elimina ti on 
is used to solve the large system of normal equa ti ons. 
No roundoff difficulties have been experienced t o 
date. The system of normal equations is separa t e d 
into unconventional subdivisions in order t o reduce 
the ~torege problem. The inverse matrix per se i s 
not derived although en economical routine hes been 
programmed for other work in the organization. 
This is one of the features that may be added in 
the near future. 

The language of the program is Fortran I V which 
facilitates revisions, modifications, and communi 
cation within the Coast and Geodetic Survey, e s well 
as possibly facilitating the use by others o f t he 
program as a whole or in pert. 

Every effort is made throughout the program to 
cause the results to be es accurate as possi ble ; 
approximations are included only where they ere 
considered to have no influence on the final 
accuracy of the adjustment. The purpose in main
taining high accuracy is considered necessary if 
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analytic aerotriangulation is to be used to comple
ment geodetic surveying for the establishment of 
(lower-order) control. 

Some of the features that are scheduled to be 
added to the program, or modifications, are mentioned 
briefly. 

(a) The incorporation of auxiliary control data 
in the adjustment includes: a control (electronic) 
distance measurement between any two identifiable 
objects; a corresponding control azimuth, such as 
by a solar or polaris observation; aircraft altimeter 
observations; solar camera data: etc. The first two 
have already been formulated and await programming. 

(b) Inversion of the equation matrix, and a 
study and utilization of the data are contemplated, 
probably for a short version of the program. It 
seems that insufficient data are available at the 
present time for a knowledgeable assignment of 
values for the various weight factors. 

(c) The adjustment of the Z-coordinate is 
scheduled to be modified so that the elevation is 
maintained instead of the Z-coordinate. Small 
horizontal discrepancies can occur if the project 
area extends more than 100 miles and if the adjust
ments are large. 

(d) Versions of the program will probably be 
modified in the near future for use on other 
computers, in particular, on the CDC-6600. 

(e) Efforts are being turned toward eliminat
ing or including the preliminary programs, probably 
for a curtailed version of the block adjustment, 
such as for 50 photographs where the cost of an 
additional iteration or two is relatively small. 
For example, the present program will continue to 
work with equal accuracy even if the provisional 
ground coordinates have large discrepancies, such 
as would be produced if one estimated their values, 
or as might be computed through the use of crude 
linear formulas. Corrections to image coordinates 
for systematic errors would need to be transferred 
to the present program, as well as some version of 
the earth-curvature transformation, and an analysis 
for the elimination of blunders, but the strip 
adjustment program can be eliminated entirely. 
The reason for such effort is to reduce or eliminate 
the human effort consumed in conducting the pre
liminary computations. 
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Safeguards on Computer Time 

Several items are included in the program to 
prevent unnecessary use of computer time in the 
event of grossly erroneous input data. Experience 
indicates that blunders in input data occur even 
though safeguards are provided in the preliminary 
programs. At the present cost of computer time, 
it is of important economical significance that 
even one extra iteration of an adjustment of a 
large number (e.g., 50) of photographs be avoided 
if at all possible. 

If any resection solution requires more than 
five iterations (which may happen if the points on 
the ground lie on or near a common sphere or 
cylinder which also includes the camera station), 
( a ) t ha t res e c ti on so 1 u ti on i s term i n a t e d, ( b) the 
number of the photograph is output with an 
appropriate error message, (c) the solution continues 
for the next photograph, and (d) the entire procedure 
is terminated after the completion of the resection 
solution of the last photograph but before the 
general adjustment is attempted. This allows a 
photogrammetrist to ~ectify the situation with a 
minimum waste of computer time, and restart the 
computation later. 

Although the solution is usually completed 
at the end of two or three iterations, the 
photogramrnetrist can instruct the computer (MAX 
on line 18 of the Fortran program in Appendix 2) 
to terminate the gene~al adjustment at any number 
of iterations and output the incompletely adjusted 
data as though the solution is finished. The 
photogrammetrist can inspect the output and 
modify the input if necessary where the data 
indicate that the solution is not progressing in 
a normal manner. As an example, a very larger 
initial adjustment of an orientation angle of a 
camera, such as sin- 1 0.2,may occur where the 
adjustment is normally expected to be only one
tenth or one-hundredth as large. 

These kinds of situations do occur from time 
to time in practice due to human input blunders 
which may otherwise be very difficult to detect 
beforehand. If the general solution is allowed 
to progress to completion, several extra iterations 
will normally be requ ired to achieve a solution 
which only will be recognized as useless and 



23 

t hrown away. On the o t her hand, if the outpu t data 
indica t e t hat the solu t i on is normal, the par t ly
adjusted coordinates can be inpu t again at a la t er 
time and the adjustment continued for one or more 
iterations with only a minor cost of extra computer 
effort. 

A further occasion for the use of this latter 
technique consists of accepting a given itera ti on 
as final even though the 10- 5 convergence limi t may 
not have been achieved. This may occur in at least 
three kinds of circumstances: (1) where the larges t 
adjustment is only slightly larger than 10- 5

: 

(2) where the projected utilization of the ou tpu t 
data does not require such a high accuracy: and 
(3) where the estimated accuracy of the inpu t data 
does not warran t another itera t ion. 

As is cus t omary with l ong computa t ions of 
this nature, r estart commands are incorporated 
after each app r oxi ma t e l y 15 minutes of running 
time . All the core data are dumped onto disk 
in such a manner that, in the event of a computer 
malfunction {such as the failure of a parity 
check) , the computation can be aborted, and 
restarted a t the most recent memory dump instead 
of beginning the computation from the very firs t . 
The ~~start features were added by expert program
mers of the Computing Division: as they do not 
cons t itute photogrammetry and aren' t well under
s too d by the author s , t hey are not di scussed in 
de tail . Needless t o say, shor t versions of t he 
program do not include restart features, nor 
are t hey necessary where the computa t ion can be 
programmed on a larger or faster computer t o 
run in a very shor t time. 
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Description of Dimensioned Arrays 

The ten data storage arrays are discussed in 
alphabetic order instead of the order listed in 
the Dimension statement of the Fortran program 
(App en di x 2) . 

A(6, 1500) -- (lines 94, 325, 484) 

The A-array is used in three different modes. 
After each utilization, the data are transferred 
either to the G-array and thence onto disk storage, 
or di rec tl y ont8 disk storage. 

(1) The first utiliza~ion consists of a 
record list of object data (like E-array) for 
the entire block in the order encountered in the 
solution: Row 1--object number: Row 2--X
coordinate; Row 3--Y-coordinate; Row 4--Z
coordinate; Row 5--horizontal weight; Row 6-
vertical weight. The E-array is formed by trans
ferring data for one pnotograph from the G-array 
in the order established by ~he B-array; ~he A
array is then formed by successively transferring 
from the E-arrays those data not already in A in 
the order-encountered in the E-arrays. Beginning 
with line 241, the order list-is transfe·1 red to 
the G-array and thence onto disk storage. 

{2) The second utilization (line 325) per
tains to the intermediate storage of the normal 
equation coefficients of the corrections to the 
three coordinates of each ground object used in 
the adjustment, These coeffi ci en ts are called 
the Zl-terms which are discussed more fully 
presently during the description of the P-array. 
Six Zl-terms {coefficients of 6X, ~Y, 6ZT occur 
for each object, and the terms-"for--One"'()bject 
occupy the six rows in each column of the A-array. 
These six terms form a "stairstep" arrangement 
in the "classic" form of the normal equation 
matrix. The three terms in the first row of Zl 
are stored in the first three rows of A, the 
two terms in the second row of Zl are stored in 
rows four and five of A, and the final term in 
Zl is in the sixth row-of A. 
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(3) The third utilization of the A-arra y 
(line 484) occurs during the forward sol uti on o f 
the normal equations when 23 data (which we r e, 
previously stored in the G-array and transferre d 
to disk) are brought back-from disk storage. A 
6 x 6 area in A is assigned to each of 200 
photographs. Originally, only a specific 21 of 
the 36 words are used as depicted in the 
"stairstep" area in the 23 area of Table 2 a n d 
Fi gure 2 as descri bed presently dur i ng the 
discussion of the P-array . Perhaps the easies t 
way of describing the arrang ement of the terms 
in A is to state that they are exactly as s hown 
in Table 3 where the t erms below the principal 
diagonal are zeros. However, the A-array exten ds 
from the diagonal (Figure 2 ) to the right 
completely across the cross-hatched portion o f the 
23-area. The left-most dotted portions are a l ways 
~on-zero al t hough the cross-hatched portions are 
zero if the pho t ograp hs involved do not ove rlap. 
The contents of t he A-array is stored back o n 
disk on line 533. The A-array is again used 
during the Back Solution of the normal equat ions 
beginning on line 625. (Figure 2 in on page 4 B) 

B(51, 3) - - (line 34 of source program) 

Image coordinate data for one photograph are 
contained in the B-array. The three items f or 
each image are: Tl) a nine-digit image identifi
cation number: (2) the refined2 image x-coordinate: 
and (3) the refi ned image ~-coordinate~ The first 
18 rows are for the 18 primary pass-point ima ges 
in the same strict order as specified in Refer e nc e 
3 and 4. The next 31 rows (or any lesser numbe r of 
them which may be needed) contain the same i n f or
mation in any unsegreg ated order for all the contro l 
point i mages that appear on the photograph and the 
other pass points whose influence is desired i n t he 
adjustment. ("Other Objects" whose influence s Blre, 
not wanted are handled in a poSS facto manner b y 
Subroutine Insect after Line 7 . 

The last two rows contain miscellaneous 
elements: B(50, 1) -- photograph number; B (50 , 2 ) -
a positive digit indicating that a photograph is t he 
beginning of a strip; B(50, 3) -- a positive d i gi t 
indicating that a photograp h is the end of a s trip; 
B(51, 1) -- a positi ve digit indicating that a 
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photograph is the last one in the block: B(51, 2 ) - 
the focal length for this photograph: and B(51, 3) 
the total number of images listed for the subjec t 
photograph. The B-array is transferred to disk 
storage photograph by photograph (Line 45). 

C(20, 3) -- (line 111) 

These auxiliary computational data are needed 
for deriving the £-coefficients of the observation 
equations (Equation 3) arranged as shown in Table 3. 
The first three rows are initially approximated as 
a part of the solution (Line 114), are corrected 
(Line 219), and stored in the CAM-array (Line 223) 
for subsequent utilization. 

Cl\M(200, 60) -- (line 223) 

This storage consists of (1) the values of the 
six parameters of each photograph, and (2) the list 
of objects numbers $ 49 corresponding to the images. 
One row is assigned-to each of the 200 photographs 
in the order in which they are input. The data in 
the colu~ns are: 1--photograph number; 2-7--sin w, 
sin cri, sin x., Xo, Yri, Z0 ; 8-56--the list of object 
numbers in the same- order as the image input: 57-
the total number of objects used on the photograph 
(49 is maximum); 58-60--cos w, cos~' cos x. 

D(6, 7) -- (line 185) 

The formation and solution of the six normal 
equations used in Resection are accomplished in 
the D-array. The data come from the P-array 
already discussed, and the "answers" {adjustments 
to the six camera parameters) are formed in rows 1 
through 6 of the 7th column in the order w, ro, K, 

Xo' Yo' Zo • 

E ( 4 9, 6) - - (11 ne 46) 

The object data for one photograph consist 
of: (1) object identification number; {2) 
provisional X-coordinate in secant plane system 
from the preTiminary programs; (3) Y-coordinate; 
(4) Z-coordinate; (5) horizontal weight number 
{unit weight if a pass point; otherwise if a 
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control point): and (6) vertical weight number. 
These data are extracted from the G-array or the 
A-array for those points that are imaged on a 
particular photograph as indicated by the 
identification numbers listed in the B-array. 

G(l0236) -- (line 23) 

The G-array contains the contributions to 
the constant terms (Z2 in P-array) of the block 
normal equation matrix, object number order list 
with horizontal and vertical weight factors and 
contribution of Z3 -coefficients (P-array, already 
discussed) of camera parameters in block normal 
equation matrix. The single-rowed list includes: 
(1) 5700 places for the constant terms of as many 
(or fewer) normal equations; (2) the object order 
list of the A-array (discussed above) includes 
three items for each object--(a) the object 
identification number, (b) the horizontal weight 
factor, and (c) the vertical weight factor--for 
the maximum of 1500 objects; (3) the coefficients 
of the 21 camera parameter terms for one 
photograph. 

P{l3, 10) -- (line l 77ff) 

The coefficients of observation Equations 3 
for resection, and "marshalling yard" for 
contribution of one image to system of normal 
equations for block adjustment (Table 2) are 
formed and momentarily stored in the P-array. 
The Z-areas of the P-array refer to the Z-arrays 
which are discussed-presently: they constitute 
contributions to the four unconventional 
subdivisions of the block system of normal 
equations. For the resection problem the first 
2 rows, columns 2 through 8, constitute a com
plete pair of observation equations for an image. 
For the block solution, the coefficients are 
stored initially in the first 2 rows (as in 
resection) but are transferred to all 10 columns 
of rows 3 and 4 to form a complete pair of 
observation equations for the block problem. 

Figure 2 and Table 2 depict in an over
simplified manner the so-called classical 
arrangement of a set of normal equations that 
might be encountered in block aerotriangulation. 
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The purpose of the figure is to help define the 
areas Z, Zl, Z2, Z3 of the P-array. The shaded 
and dotted areas denote numerical coefficients 
and the blank areas indicate zero coefficients, 
or the absence of coefficients. 

Zl refers to the coefficients of the 6X, 
6Y, 6Z terms associated with each object. Each 
"stairstep" set includes six numbers which are 
virtually independent from every other set. 
The six terms are stored in one column of the 
A-array before being transferred to disk. The 
order of storage in A is: the three terms of 
the first row, the two terms of the second row, 
and finally the single term of the third row. 

22 refers to the list of "constant" terms, 
one for each equation. The values are transferred 
to their proper locations in the first 5700 places 
in the G-array and remain in core storage. 

Z3 are coefficients of the camera parameters. 
The dotted portions are always nonzero and are 
generated during the formation of the normal 
equation; the cross-hatched portion may be zero 
if the photographs concerned do not overlap and 
are generated during the forward solution of the 
normal equations. The values are transferred 
to appropriate places in the G-array, and thence 
to disk storage. Eventually the values are 
brought back to the A-array where the arrangement 
is just like that shown in the bottom part of 
Table 2. 

The simple Z-area in Table 2 and Figure 2 
refer to the coe1ficients produced by the 
products of the object terms and camera terms 
during the formation of the normal equations. 
The dotted areas are filled with non-zero 
values and the blank areas are zero. These 
data are transferred to the Z-array before 
being stored on disk, and are also stored in the 
Y-array as needed during the forward solution of 
the system of equations. 
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Y(l47, 6) -- (line 520) 

The Y-array is a duplicate of the Z-array 
discussed-next. It is used during the solution 
of the normal equations when z is full to hold 
the data brought from disk. 

Z(l47, 6) -- (line 337) 

The partial normal equation terms for one 
photograph are transferred from Z-portion of 
P-array as each pair of observation equations 
1'or an image is completed. The six columns are 
for the coeffi ci en ts of 6w, l\f'f>, f\M., tiXo , fl. Y0 , 

6Z0 • Each image requires three rows----mJr~onding 
~the terms ~X, ~Y, ~Z . At the completion of 
each photograj)h, the data are transferred to disk. 
("Partial" is used here to indicate an intermediate 
phase in the accumula tion of the complete normal 
equation coefficients.) The relationship of the 
Z-array, the P-array, and the Zl, Z2, ~ terms are 
aiscussed above with the P-array. ~ 



Appendix 1. 

SIMULTANEOUS ADJUSTMENT 

OF AS MANY AS 200 PHOTOGRAPHS 

USING THE c&GS ANALYTIC 

ARROTRIANGULAT!ON PROGRAM 

Return from 
line 439 to 
start nev job 

r-----

Return from 
line 249 ror 
next photo 

READ for block 
Job title 
Constants 
Control data 

21 
30 
32 

36 

READ image data 
for 1 photo 45' 1 49 
into a-array 

Branch it 
!ocal length 

changes 

Store image 57 
data on disk 

32 

(Numbers refer to 
lines of Fortran 
source program) 

RESECTION 

PHASE 



First photo 
in a strip 

Modify image 
count 

67 

General photo 
in a strip 

Initialization 

Last photo 
in a strip 

Modify image 
count 

Transfer control 80 

69 

data from A to E array 
Return for 

next iterat1.on 
of block 

from line 785 
Transfer control and 87 

veights from G to E arrays 

Resection 

Return trom 
line 289 tr om 

line 
238 

Transfer order list 105 
for objects 

from E array to disk 

Establlsh order list 
for objects in A array 

Initial values 123 
for X0 , Y0 ,(l.J, ~ 

Initial values 129 
for kappa, Zo 

Orientation factors 1 l+O 
in C array 

172 
Block 

Ohserva ti on 
equations for 177 

resection 
Skip to 

202 
line 298 

Normal equations 

33 



Return to 
line 140 
to iterate 
resection 

t 
Equation 
Solution 

Correct 
the camera 
parameters 

34 

207 

227 



Return from 
lines 420, 
421 , and r+-54 

Return to 
line 1i.o for 
orientation 
factors 

Compute 
Residuals 
onl 

Skip to 
line i.o7 

Re-transfer 281 
image & object 
coordinates 
from disk to 

B and E-arrays 

Clear a 28~ 
portion of 

G for Z3 data 

Begin to 28? 
process 

one photo 

Transfer 289 
camera data 

CAM to C 

Compute 298 
remainder 

C-array for one 
image 

Make special 299 
arrangements 

for 1st or last 
photos of strips 

Arrange for 
special treatment 
of control points 

Observation 
equations 

for the block 

35 

311 

Return from 
line 172 

Continue 
with block 



--------·-· 
1

A scaling ractor 
1 (CAM (1,7)) is 
• applied to the 
I linear COef (iCientS 

' • • ...... • 
• so that they are the ' 
1 same general size as ' 
1 the angular ones; the; 
: factor happens to be , 
". .. the flying height. 

Rearrange 
Observation 
Equations 

Weight 
control image 

338 

Weight 3S5 

Z2 

image resolution 

Contribution of tvo 
observation equations 

to normal equations 
stored in A & G-arrays 

tor one photo 

36S 

Store object 375 
coetficients (Z1) 

Return Crom 
line 331 

Skip to 
line 442 

----~ 

Continue 
to line ~1 8 

in A-array 

Store constant 381 
terms (Z2) in G-array 

Store mixed 
terms (Z) in Z-array 

Store coefficients or 
camera parameters ( Z3) 

in G-array 

36 

385 

390 

Skip to 
line 421 



Return to 
line 279 

418 

Comoute 420 
arc locator 

for next p. oto 

Reinitialize 

426 
Compute RMS 

428 
PRINT RMS 

PRINT 430 

Return to 
line 014 
to begin 
nev block 

camera data. 
residuals 

CALL 
Subroutine INSECT 

Return 
from 
line 413 

PRINT 
'--.......::r---4"Block adjustment 

completed" 

Return 
to line 
311 

Modify 
count 

Continue 
to line 1+44 

37 

y J-----1':----

Enter from 
line 417 

Return 
from 
line 982 

Sldp to 
line 838 
for 
intersection 
computation 



l+54 
Return to 
line 279 
for next 
photo 
computation 

Transfer data 
for next photo 

Initialization and 
data transfers 

Weight 
control positions 

Multiply X,Y-terms 
by a factor 

38 

l+58 

463 



485 
Modify count 

and apply 
cross products 

Modify count 
and apply 

cross products 

Divide Z2 term 
by square root 

Transfer Z-array 
disk to core 

Divide Z by 
square f'oot 

39 

482 

509 



Modify 
count 

Con tr i bu ti on 
to Z2 terms in 

G-array 

GO TO 562 

_{ Z2 stays'· 
, in core ,' 

.. - - .. ... , 

next object ;------~---__,,,. 

Transfer Z-array for 568 
next photo from disk 

to Y-array in core 

580 GO TO Contribution 
next photo t----1 of Z to Z3 in A 

Transfer A (Z3) 582 
for photo into disk 

A:rc locator 584 
J-. 

SECTION II I OF 
I --

EOOATION SOLOTION 58? Transfer G1-Gn to disk. 
Save 37 CAM columns in disk. 

' --forvard solution 

of the Z3 part Process Z3 rovs 592 
ror photo NU Return from 

or the matrix line 668 
tor next photo 

40 

I 



Transfer Z3 from disk. to A, 
for photo NU; reset disk arc 

Compute 
souare root or 

leading term, row 1 

Divide all terms 
or row by sq. rt. 

Effects on 
subsequent rows 

Transfer Z3 
back into disk 

Transfer Z3 from 
A to CAM arrays 

Loop to next photo 

Set signal 
636 

638 

597 

601 

603 

606 

607 

608 

613 

615 

Skip to 
line 668 

Set signal \--!9--------

41 



Loop back to 
line )92 for 
next photo 

SECTION IV Q! 

EQUATION SOLUTION 

--the back 

solution of the 

matrix 

Transfer row I or 
Z3 from CAM to G 

Compute effect of 662 
row I of NU on Z3 

& Z2 for photo NCON 

Increment photo 665 
number and loop back 

Transfer Z3 back 
to d.isk 

666 

667 
From line 

615 
Disk arc for T Z (NU+1) 

668 
~D-i-sk_a..1...r_c_f_o_r_ J---"""""E:i----- • 

Z3 (NU+1 ) 

Last 
photo? 

Transfer the 37 columns 
in disk back to CAM 

Transfer G1 -Gn 
back to core 
(line 587) 

PRINT last 
2 numbers 
of f orvard. 
solution 

Reset d.isk 
arc locator 

42 

669 

674-

675 

679 



-- ----- ·-- .... , 
' • A scaling factor , 

1 vas used to make • 
1 the coefficients 

of dX~ dY, di 
• the same general ' 
' magnitude as 
• those for 
I dw, d~, d~ .. I 

Back solution 
of camera 
parameters 

Transfer Z1 from 
disk to core A 

Set value of !TEST= 
last object in block 

Modify photo 
number NCON 

Is 
1------1 object on 

this photo? 

Transfer disk 
Z (Neon) to core Z 

Back substitution 

(Answers) 

704 

707 

723 

Division to get 
dX, dY, dZ (Ansvers) 

object parameters 

Transfer order list 
disk to core A 

Restore scaling 
factor introduced 

on line 337 

If the 
object is a 

control station 

Apply object 
parameter corrections 

737 

746 

...----~---..... 75'7-764 
Apply ,amera 

parameter corrections 

43 



I 

filil2 QE ~ 

EQUATION 

SOLUTION 

Find the maximum 
corrections to the 
angular parameters 

of the cameras 

PRINT the 
maximum 

767 

778 
Return to I 
line 061 

1- - - - for next _ -f 
i teration I 

1 SUBROUTINE 
I 

785' 

783 
Transfer image coordinates t-----e--f r om disk to core B I 

-------1 PRINT 
output 
data 

787-806 
Return to I 
line 061 
to prepare I 
for 
intersection 

--~~---E~-~~-tsolution I 

END OF BLOCK ADJUSTMENT PER SE 

Return from 
line 43? 

I 
-r3 

1 for finding the 81+8 

I coordinates of 
1 additional 
I 
1 
objects by the 

I INTERSECTION 

I of image 

1 rays 
I 

Provide for proper 
focal length 

READ x, y, (!') 
for one image 

Locate camera 
parameters in CAM 

& transfer them to C 

Compute 
orientation matrix 

44 

849 
,"A ~rlo~ -s~rt - .. \ 1 

"""":::.:J - - -, places all cards11 
, for an object / 
, together / 1 , _____ .. ..-

Return from 
line 893, 900, 
901.+' 933, 938, 
965', or 974. 



8 >+ 

Finding 
residuals 

-------'----~884 
Form augmented 

coefficient matrix 
(list of observation 

equations) 

Form 
normal equations 

Solve equations 
forward and back solutions 

933 

914 

'>--------l y 

Residuals 

Find 
maximum 
residual 

45 

9 

Recycle to 
line 865 
for next 
image 



Do 
at least 
2 images 
remain ? 

R~turn to 
line 865 
for next 
object 

PRINT 
error 

message 

962 

PRINT 
error 

message 

964 

Return to 
line 865 
for ne'f · 
solution 

PRINT 
X,Y,Z 

ansvers 

974 

Return to 
>----f~----t line 1+36 

in main 
program 
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Appendix 2. Fortran Source Program 

JOB,K34-4587 200 PHOTO BLOCK ADJUSTMENT KELLER 
••••• ••••• ••••• ••••• ••••• • •••• 
OPERATOR - THE RUNNING TIME SHOULD BE ABOUT MINUTES 
THIS P~OGRAM IS TO BE CHARGED JO PROJECT ND 221104100 

• ••••• ••••• ••••• ••••• ••••• • •••• 
8 TYPEeCOHPILGO,FORTRAN,PH 
T SUBTYPEeFIOO,LMAP,PUNCH 
BA 100,0ISK 

ENC 
T SUBTYPE,FGRTRAN,L~AP,LSTRAP,PU~CH 

C BLOCK AO.WSTMENT USING DlSK STORAGE-200 PHOTO LIMIT KELLER 
OIHENSION 8C5l,31,EC49,6l,Cl20,3lePCl3,101,AC6,1500J,DC6,7), 

lC AM ( 2 00, 60 I , Z: l l 4 1, 6 l , GI l 02 3 61 , YI l 4 1, 61 
COHfolOt.. CAJ'1,C,C 

776 ITERAT= l 
I GO= l 
ICUT 2 l 
I RE= l 
LINE=O 
JA=2 
READ 531 
PfllNT 531 
PRINT 532 
IPHO=O 

C PHOTO RESECTION PHASE 
755 DC 638 K=l,49 
638 ECK, 11=0. 

DO 63c; K::::l, 1500 
639 ACl,Kl=O. 

C flEAO BLCCK CONSTANTS 
READ 524,LARRY,FL,WT712,WT12P,WTCCN,MAX,RESID 

C READ IN ALL GROUND COORDINATES FOR BLOCK 

c 

J=l 
605 ""(0N=J+5 

603 

610 

8CH 

604 
803 

805 
804 
602 

600 

60 l 

READ 527,CGlll,l=J,NCONJ,IT EST 
IFI JTEST )603,603,670 
JaJ+6 
GG TO 605 
NCON=NCON/6 
lfCNC0~-17061604,604,801 
PRHH 52~,NCON 
STOP 

READ IN REFINED IMAGE COORDINATES FOR PLATE BEING RESECTED 
GO TU C604,E031,JA 
RE A 0 5 2 5 , BI 50 , l I , B C 5 0 , 2 ) , 8 I 50 t3 t , B C 51 , l J , B C 51 , .21 
lf(LARRYJ804,E04,805 
FL=IH51,21 
lfllA GE=l 
READ 526,(8(1folAGE,Jt,J=l,3J,ITEST 
If( ITESTl600,t:00,60l 
l,..AGE =lM.AGE+l 
GC TO 602 
BC51.3J=Jl'!AGE 

47 

001 
••• ooz 

• 003 
• 004 

••• 005 
006 
007 
008 
009 
010 
011 
012 
013 
014 
015 
016 
017 
018 
019 
020 
021 
022 
023 
024 
025 
026 
027 
028 
029 
0301 

031 
032 
033 
034 
035 
036 
037 
038 
039 
040 
041 
042 
043 
044 
045 
046 
047 
048 
049 
050 
051 
052 
Qi53 



lffI~AGE-49)880,880,611 054 
611 PRINT 5451BC50,ll,IHAGE 055 

STOP 056 
C STORE IN DISK THE REFINED l~AGE COORDINATES OF THIS PLATE FOR USE 057 
C IN RESECTION AND BLOCK AOJUST~ENT 058 

880 CjLL •ll,JA,B,153, 059 
C EXTRACT GROUND COO~OINATES FOR PLATE ANO PLACE IN E ARRAY 060 

764 LAST=O 061 
NU=O 062 
ff(B(50,2)1630,630,63l 063 

631 NROW=7 064 
NU=6 065 
GC TO 637 066 

630 IF(BC50,3Jl634,6.34,633 067 
633 NROW=l 068 

~~1=12 069 
LjST=l 070 
GC TC 632 071 

634 NROW=l 072 
637 N~l=8(5le31 073 
632 DO 792 K=NROR1NMI 074 

J=BfK1lJ/lOODOOO. 075 
fK=J•lOOOOOO 076 
f~=BCK,lJ-fK 077 
lF(ITERAT-11790,790,780 078 

790 GG TO (781,7801,IOUT 079 
780 DO 782 M=l,LINE 080 

IF(fK-j(l,Mll782,783,782 081 
782 CONTINUE 082 
783 NU=NU+l 083 

DC 784 J=l,4 OB4 
784 ECNU,JJ:A(J,M) 085 

GO TO 792 086 
781 DO 607 ~=l,NCON 087 

I=6•M-5 088 
lf(FK-Gllll607e629,607 089 

607 CCNTl~UE 090 
PRINT 528,FK 091 

STOP 092 
629 NU=NU+l 093 

DC 606 Jzl,6 094 
ElNU,JJ•Gllt 095 

606 1:1+1 096 
792 CONTINUE 097 

IFlLASTt635,635,636 098 
636 IF( IMAGE-18)635,635,649 099 
649 NROW=l9 100 

NU=l8 101 
LAST:O 102 
GC TO 637 103 

C EXPEOITE OBJECT GROER LIST IN A ARRAY BY STORING E ARRAY IN DISK 104 
635 CALL R(l,JA,E,2941 105 

lFCITERjT-lJ7tle761,762 106 
761 GO TO (785,762),IOUT 107 



762 1Flel5ltl>tt73,673,675 
6 7 5 G C TO ( 7 5 7 , 7 5 8 ) , IOU T 

C ESTABLISH ORDER LIST Of OBJECTS IN A ARRAY 
785 DO 640 K=l,IMAGE 

IFI EIK, ll )640,64C,64l 
64 l NU= 1 
646 IFlE(K,ll-All,NU))642,640t642 
642 IFCACl,NU))644,643,644 
643 DO 645 J=l,6 
645 A(J,NU)•EIK,JJ 

LINE=LINE+l 
GC TO 640 

644 l'-.U=NU• l 
GC TO 646 

640 CCNTINUE 
C INITIAL APPROXIMATIONS CF CAMERA PARAMETERS 

N=O 
DC 608 J=l,2 
Cll,Jt•EC 11,J+I> 
CC2,Jt=O. 

608 co,Jt:i. 
C ADJUST APPROXIMATE AlI"UTH PARAMETERS FOR SWING AND ZO 

DC 60<; I•l,2 
Dll, I>=Bt7,1+1)-8(9, l+lt 

609 DC2.ll=U7tl•ll-EC9,I+ll 
DI 2, 4) = U ( 2, ll •DC 2, 11 •D ( 2, 2) •D ( 2, 2) 
D ( l , H "' ( D ( 2 , U • D ( l , l I .,.D ( 2 , 2 ) * D t l , 21 I ID ( 2 , 4 t 
Dl2,3)=CDC2,2l•OClrll-0(2,l>•Dlle2JJ/DC2,4) 
SCALE=S,RTIO( l,3l•DC 1,3) •Dl 2t31•DC2,3l) 
CC2,3l=Dl2,3t/SCALE 
CCl,3t=fL/SCALE 
C!3,3J=Oll,3l/SCALE 

C ORIENfAfION FACTORS IN C ARRAY 
610 N=N+l 

lflN-51652,652,695 
695 PRlNf 535,BC5C,l) 

PRINf 540.C BC 50.l I, tC I I, Jt,J=l ,31,lal ,2J 
I RE= 2 
GC TO 8<;3 

6 5 2 C I 4 , l >.: C 0, 2 I •CI 3 t3 l 
CC5,l)z-C(3,2t•CC2,JI 
CC6r ll=CC2,2J 
cc10,1t=-cc2,2t•ccJ,J> 
cc11,1t:z:C(2,2l•CC2,Jt 
C Cl 2, U =CC 3, 2 > 
Ctl0,2l=Cl4,ll•Cl2,ll 
cc11,21~cc5,11•c12,11 

Cll2,2t=CC2,ll•Ct2,2t 
Cll0,3J=-C(4,lt•C(J,ll 
CC11,31=-CC5,lt•C(3,l) 
C(l2,3t•-C(3,ll•CC2,2) 
CC4,21=COtlt•CC2.3.I • Cl 12,21*C<l,3t 
C I 5 , 2 J • C i 3, l t •C ( 3 , 3 J - C C 12 , 2 t •CC 2 , 3 I 
C (6, 2 t =-C ( 2, I J •CI 3, 2J 
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108 
109 
110 
111 
112 
113 
114 
115 
116 
117 
118 
119 
120 
121 
122 
123 
124 
125 
126 
127 
128 
129 
130 
131 
132 
133 
134 
135 
136 
137 
138 
139 
140 
141 
l 42 
143 
144 
145 
146 
147 
148 
149 
150 
151 
152 
153 
154 
155 
156 
157 
158 
159 
160 
161 



C(4,3J=Cl2,ll*Cl2,3) + CllO,lJ•C(3,ll 
C ( 5 .3 I = C ( 2 el J •C C 3 t3 t • C t 11 • 11 • C ( 3 .1 I 
C(6,3l=C(3,lJ•Ct3,2) 
cc 612 1=7,9 
cc1,11=0. 
CtI,21:::-C(l-3,31 
C Cl .31=CC l-3,2J 
C'13tl-6J:C(5,l-6J 
CC14el-6J=-CC4el-6J 

612 CC15.l-6J=O. 
GO TOC6l3,8091elGO 

C CLEAR NOR~AL EQUATION 0 ARRAY TO ZERO 
613 DC 614 l=l,6 

oc 614 J=l.7 
614 C(l,JJ=O. 

C COMPUTE P TERMS FOR PASS POINTS USEO FOR RESECTION 
IF(8(50,2Jl796,796,6l5 

615 M=7 
llofCOW=l5 
GC TO 61 7 

796 lf(8(50e31J797,797,6l6 
616 M= l 

NROW=9 
GU TO 617 

797 l":l 
MWW= 17 

617 DC 618 ~U=H,NROW,2 
CC 619 K=l.3 

619 CCl6,Kl=ECNu,K+lJ-C(l,Kl 
K"'4 
CC 620 L=l7,2C 
cc 620 l=l.3 
C ( l , I I= C ( K, l I •C ( l 6, l I + C ( K • 2 ) • C ( l 6, 2 I + C ( K t3 ) •C ( 16, 3 I 

620 K=K+l 
DC 621 1=1,2 
cc 622 l=l,4 

622 P(l,LJ"'C8lNU11+ll•Ctl+l6,3J-(-FLl*C(L+l6,J)l/Cll7,3) 
CC 623 L=5,7 

623 P(J,LJ=l-B(hUel+ll*C(6,L-~J+l-FLJ•Cll+3,L-~J)•C(l,3t/CC17,31 
621 P(l,81=-P(l,ll 

C CONTRIBUTIC~ TC NORMAL EQUATIONS 
CC 618 I=l,6 
DC 618 J=l,7 
CC 618 K=lt2 

618 D Cl , J J =O ( f, J )+ P ( K , I+ l) •PC K, J + lJ 
C FORWARD SDLUTICN 

624 DC 69'7 1%1,6 
SCR=SQRHtl lt U I 
DC 698 J::l,7 

698 Dtl,JJ=O((,J)/SQR 
I FC I-cl 697,696,6'76 

697 IPl=I+l 
OCi 6 9 9 L =IP l, 6 
CC 69'7 J•L,7 
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162 
163 
164 
165 
166 
167 
168 
169 
170 
171 
172 
173 
174 
175 
176 
177 
178 
179 
180 
181 
182 
l 83 
184 
18 5 
186 
l 87 
188 
l 89 
190 
191 
192 
193 
l 94 
195 
196 
197 
198 
lQ9 
200 
201 
202 
203 
204 
205 
206 
201 
208 
209 
210 
211 
212 
213 
214 
215 



699 DU,JJ=DU.eJl-01 l,LJ•D(f,JI 216 
C BllCK SCLl>T IGN 217 

696 D(6,7J=0(6,71/Dl6,6J 218 
cc 691 1=1,5 219 
~~1=6-1 220 
N~IPl:NMl+l 221 
DC 69C J=~MIPl,6 222 

690 DCNHl,7J=Dl~~l,7J-O(J,7J•D(NHl,JI 223 
691 DCNHJ,7J=OCNHl,71/D(NMleNMIJ 224 

cc 625 •=~.6 225 
625 Dll,7)=llll.7J•CClt3J 226 

C ADO LEAST SQUARES RESULTS TO CAMERA PARAMETERS INC ARRAY 227 
DC 626 J=l,3 228 
Cll1Jl=C(l,Jl+O(J+3,71 229 
C(4,Jl=D(~,7J 230 
C(5,JJ=SQRTll.-CC~,JJ•CC41JIJ 231 
CC6,Jl=Cl2,JJ•CC5,JJ+C(3,Jl•Cl4,JJ 232 

C TEST MAGNITUDE OF COR~ECTIONS FC~ D~lENTATION PARAMETERS 236 
627 DC 628 l=le3 237 

IFIA8S(0(J,71J-.OOOOlJ62B,62B,610 238 
628 CC~Tl~UE 239 

C SJORE CAMERA PARAMETERS AS COMP~TED FROM PHCTD RESECTION 240 
893 IPHC=IPHO+l 241 

CAMllPHG,lt=B(50,ll 242 
cc 647 J=l,3 243 
CAMllPHO,J•57J=Cl3,JI 244 
CAM(IPHQ,j+U=C(2,JJ 245 

647 CllM(IPHO,jHJ=Cll,JJ 246 
IFIBl5l,llJ604,604,765 247 

765 IF( IRE-2176~,894,894 248 
894 STOP 249 

C STORE A ARRAY IN CISK ANO PRINT JHE NUMBER OF OBJECT POSITIONS 250 
C TO BE COMPUTED IN ThE BLOCK 251 

763 lFCLlNE-1500JBl0,8lOtBll 252 
8Jl P~INT 544eLINE 253 

STOP 254 
810 ITOTAL=IPhO 255 

PRINT 543,JTOTAL,LINE 256 
N11=6•LJNE 257 

75 7 JA= l 258 
CALL LCC(l,JLCC,4001 259 
CALL W(l,jA.A,NAJ 260 

C B L 0 C K A D J U S T M E N T P H A S E 261 
I GO = 2 262 
DC 8J9 l=l,5700 263 

819 GllJ=O. 264 
IFllTERAT-1J730,730,760 265 

730 DC 766 J=leLlNE 266 
Gl3•J+56~8J=All,JI 267 
Gl3•J•56~~J=AC5,JI 268 

766 G«3•J•57001=AC6,JJ 269 
760 Kl=41S 270 

Kl3=81B 271 
81~ GC TO 1814,8151,JA 272 

51 



815 O~ 816 J=ltllNE 273 
DC 816 l=l,e 274 

816 All,JJ =O . 275 
758 IPHO=O 276 

KBE=O 277 
C RESET REFINED IMAGE ANO GRO UND COORDINATES I N B ANO E ARRAYS 278 

756 JA=l 279 
CAll lGC(l,JlOC,KBE> 280 
(All RD(l,JA,B,153,E,2~4) 281 
Gero C759,768t,rnur 2-a2 

759 MARK=O 283 
ITEST=l 284 
DC 802 l=l0201,l023e 285 

802 Glll=O. 286 
C RESET CAMERA PARAMETERS IN C ARRAY 287 

768 IPHO=lPHO•l 288 
DC 812 J=l,3 289 
CC l, J J =CA~l IPHQ, J•4) 290 
C ( 2 , J J = C MH 1 PHO, J • U 2 91 

812 C(3,J)=CAM(IPHO,J•57J 292 
Ge ro 652 293 

809 GC ro (80S,8l3),JA 294 
813 l~ST=O 295 

1FllA~RYl767,767,807 296 
807 FL=B(51,2) 297 

c COMPUTE c ARRAY Rows 16 THROUGH 20 FUR EACH IMAGE 298 
767 lflBl5u,2Jl650,650,648 299 
648 N~l=7 300 

GC re 651 301 
650 lflB(50.3>Je53,653,654 302 
654 NMl=l 303 

hROM=l2 304 
lAST=l 305 
GC TO 655 306 

653 N~l=l 307 
651 ~~OW=Bt5l,3J 308 
655 OC 656 NU=~Ml,NROw 309 

GC re ltloe,867), IOUT 310 
867 00 868 J=l,llNE 311 

lf(E(NU,ll-A(l,Jll868,8e9,868 312 
1:168 CCNTINUE 313 
S69 JULY=3•J 31 4 

IFtAt5,JJJ870,B7C,871 315 
871 EiNU,2J=El~~,21+G(JULY-2) 316 

E(NU,3J=E(Nu,3)•GCJULY-lJ 317 
870 lf(A(6,JJl8ee,a66,872 318 
872 E(NU,4J=EINU,4J•G(JULYI 319 
1:166 DC 657 K=l,3 320 
657 Cll6,Kl•E(Nl.,K•l>-Cll,KI " . 321 

GC TO l673,874J, 10ur 322 
874 J=l7 323 

GC TC 875 324 
873 J=20 325 
875 KE4 326 
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cc 658 l=l7.J 32 7 
cc 658 l=l,3 328 
C{L,O=CfK.lJ•C(l6,U + C(l<.,2t•C(l6,21 + C(K.3J•C06.3J 329 

658 K=K+l 330 
GC TO f 76S, 77CJ, IOUT 331 

C COMPUTE P COEFFICIENTS GF OBSERVATION EQUATIONS FOR EACH IMAGE 332 
769 DO 65~ l=l,2 333 

OC 660 L=l,4 334 
660 PCl,lJ=(BlNU,l•lJ•C,l+lt,3J-(-FlJ•C(l+l6,IJ)/Cll7,31 335 

OC 659 l=5,7 336 
659 PCI ,U•l-BCl\U,l+U•Cl6,L-4J+l-FU•C( 1+3,L-411•CAMU,7)/C( 17.3) 337 

C ARR.1NGE AUGMENTED COEFFICIENT MATRIX 338 
00 661 1=3,4 339 
DC 662 N=l,3 340 

662 P(l,NJ=-Pl1-2,N+41 341 
OC 663 N=4,S 342 

663 Pll,NJ=Pll-2,~-21 343 
661 Pll.lOJ=-Pfl-2,l> 344 

C WEIGHTING THE CONTROL STATION OBSERVATION EQUATIONS 345 
DO 860 J=l,LlNE 346 
IFlECNU,l)-G(3•J•5698l)8e0,864,8b0 347 

860 CCNT,NUE 348 
864 IFIGl3•J+56S~JJ8t2,86l,862 349 
861 lf(G(3•J+5700)18t2,865,862 350 
8b2 DC 863 1=3,4 351 

oc 863 J=l,10 352 
863 PCl,Jl=PCl,Jl•WTCON 353 
865 CCNTINUE 354 

C WEIGHTING HlUAT!ONS FOR LDCATIOI\ OF IMAGE ON PLATE CRESOLUTIONI 355 
RAOlUS=SORTCB(NU,21••2 • 8CNU,3l**21 356 
lf(RACIUS-.071727,727,779 357 

779 IFCRADIUS-.l2178t,786,787 358 
786 WEIGHT=~T712 359 

GC TC 788 360 
787 WE1G~T = ~T12P 361 
788 DC 789 1=3,4 362 

co 789 J=l.10 363 
789 PC,,JJ=PCJ,Jl*WEIGHT 364 

C CONTP.IBlJT lON TO COl'4PP.ESSED NCRMAL EQUATIONS 365 
727 DC 664 1=5,13 366 

DE 664 J=l,10 367 
664 Pll 9 J)=O. 3b8 

oc 665 l=l,9 369 
DC 665 1Pl=3,4 370 
CC 665 Mzl,10 371 

665 P( 1•4,IO=P( 1+4,H)•P( IPl,l l•PC IPl,1'4) 372 
DC 666 J:al,LINE 373 
lflECNU,ll-GC3•J+5698)Jtt6,667,666 374 

666 CGNTlNUE 375 
667 oc 668 1=1,3 376 
668 AU,Jl=ACleJJ+P(5tlJ 377 

AC4,Jl=AC4,JJ+PC6,21 378 
Al5,JJ=AC5,JJ+P(6,JJ 379 
A(b,J)=A46,JJ+PC7,3J 380 
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Gl3*J-2t=GC3•J-2l+PC5,1G) 381 
G'3•J-ll=GC3•J-ll+Ptb.l01 382 
GC3•Jl~G(3•Jl•Pl7,101 383 
DC b72 1=5,7 384 
MARK=~ARK+l 385 
L=4 .38b 
CC b72 K=leb 387 
lCMARK,Kl=PCltLl 388 

b72 L=L+l 389 
1=8 390 
L,.4 3:91 
DC b74 N=l0201,1023~ 392 
GINl=GtNl+PCl.Ll 393 
l=l+l 394 
IFCl-13)6741674,817 395 

817 L=L+l 39b 
1=8 397 

b74 CCNTl,...UE 398 
NMIP1=4500+o•IPH0-5 399 
DC b7b 1=8,13 400 
GCNIHPlJ:::(;CNMIPll•PCl,101 401 

b7b NMIPl=NMIPl+l 402 
CAM( IPHOtlTEST+H=ECNU,l l 403 
ITEST=ITEST+l 404 
GO TO b5b 405 

C BLOCK F.lNALllEO--COMPUTE X,Y PLATE RESIDUALS 406 
770 DC 771 l=l,2 407 
771 PC l , 1 I= ( B tNU ,J • l ) •C C 1 7, 3 l- C -fl I •CC 1 7 t I I II C ( 1 7, 3 I 40 8 

PRINT 540,BCNU11J,P(ltl),Pl2tll 409 
PCl.lOJ=PlltlOl+PCltlt•Plltll '+10 
Pl2,lOl=P(2,10)+Pl2el)•PC2,lJ ~11 
SCALE = SCALE+2. 412 

b5b CONTl,...UE '+l3 
GC TO lb93,b941, IOUT ~14 

C BLOCK FINALllED--RECYCLE FOR OTHER PLATES IN THE BLOCK 415 
b94 lFILASTJ773,773,772 416 
772 IFCBC51,3l-18.1773,773,774 417 
773 IFCBl51,l)J777,777,775 418 
777 KEE=KBE+2 419 

GC TO 75b 420 
774 N~l=l9 421 

L~ST=-1 422 
GC TO b5l 423 

C BLOCK F INALllE D-PR I "'T CUT RMS RESIDUAL ANO CAMERA PARAMETERS 424 
C FOR ENTIRE BLOCK 425 

775 PllelOl:zSQRT((PI ltlOl+PC2.101J/SCALEl 426 
PRINT 538,P(l,lOJ 427 
PRINT 539 428 
DC 800 l=l, IP~O 429 
PRINT 5~0,(CAM(J,Jl,J=l,4) 43C 

BOO PRINT 54Q,C~M(l,ll,CCA~(I,Jl,J=58,60J 431 
PRINT 541 432 
PRINT 540,(CAMU,U,IC.Af"Cl,JJ,J=517J1l=l,IPHOI 433 

C 0 B J E C T I N T E: R S E C T I 0 N P H A S E 4 34 
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CALL INSECTCITOTAL,fL,LARRY,RESID> 435 
PRINT 542 436 

C B L C C K A C J U S T ,.. E N T C 0 M P L E T E 0 4 37 
C I N I T I A L I l E f 0 R N E X T B L 0 C K P R 0 B L E M 438 

GO TC 776 439 
C RECYCLE FOR OT~E~ PLAlES ANO IMAGES THAT CONTRIBUTE EQUATIONS 440 
C TO THE LEAST SCUARES BLOCK ADJUSTMENT 441 

693 lf(LASTJ680,680.678 442 
678 lflB(5le31-lE.)680,680,679 443 
680 lf(BC51,ll1692,6~2,677 444 
692 CAM(lPH0,57)=1TEST-l 445 

KBE=KBE+2 446 
CALL LOCCl,JLOC,Kl) 447 
CALL wCl,JA,l,882) 448 
CALL LCCC1,JLOC,Kl3) 449 
CALL w(l,JA,G(l020ll,3t) 450 
Kl=Kl+2 451 
MCRT=ITOTAL+l-IPHO 452 
Kl3=K13+(36•HORT+511)/512 453 
GC TO 756 454 

679 N,..1=19 455 
LAST=-1 456 
GC TO 651 457 

677 CAMC1P~0,57):lfESl-l 458 
CALL LGC(l,JLOC,Kl) 459 
CALL Wll,JA,l,8821 460 
CALL L0C(},JLGC,K131 461 
CALL w(l,JA,G{l0201J,36) 462 

c wElGHTING THE FOSlllCNS Of THE CONTROL srArJONS 463 
DC 791 J=l,LINE 464 
lFCGC3•J+5699)1846,846,847 465 

847 A(l,Jl=AC1,Jl•GC3•J+5699) 466 
A(4,Jl=Al4,Jl•G( 3•J+5699) 467 

846 if<GCJ•J+ 57l0 1)79l,79l,848 468 
848 A(6,JJ - 'f6,Jt•Gt3•J+5700) 469 
791 CCNll~UE 470 

C FOR;, ARC SOL UT ION Of NOR,..AL EOUA l IONS FOR BLOCK 4 71 
CC 681 M=l,Ll~E 472 
C. (7 , J ) = C ( 3 , J ) •C ( 5 , J I - C C 2 , J I •C ( it , J > 2 33 
CC2tJl•CC6,J) 234 

626 C(3,Jl=CC7,J) 2 35 
~~·3•,.. 473 
LASl=3 474 
~POW=O 475 
DC 682 2~1,3 476 
LaLAST 477 
NPOW=~ROW+l 478 
S'R•SCklCACNROW,MJ) 479 
00 683 J•~RGw,LASl 480 

683 AlJ,M)=A(J,Ml/SUR 481 
Ns3•(M-l)•l 482 
G(N)sG(~)IS'R 483 
lfll-31 684,685,684 484 

684 K•N+l 485 
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DC 671 ME=K,NU 
NROW=NROl.+l 
DC 702 J=,..R CW,L 
LAS T=LAS T+l 

102 A(lAS T,H)=ACL AST,HJ-A(NROW,H)•ACJ,HJ 
b7 1 G(MEJ=GlMEJ-A (NROW.HJ*G(NJ 
b82 LAST=4+1 
685 OC 681 NU=l,(PHO 

N=7. + CAH(~U.57) 
Q(j 6 8 7 I TEST= 8, N 
IFCG(3•M+56~8)-CAHCNU,ITESTJJ687,t88,687 

687 CONTINUE 
GO TO 681 

688 Kl=4l6+2•NU 
CALL LOC(l,JLCC,KZJ 
CALL ROC-l.JA,Z.882) 
MARK=CITEST-81*3 
MCRT=MARK+3 
NflOli=O 
cc 689 1=1.3 
NflOW=NROW+l 
HARK=HARK+l 
CC 70C J=l,6 

700 l(HARK,JJ=Z4MARK,J)/AC"ROl.,H) 
Iftl-3J701,686,7Cl 

701 K:HARK+l 
DC 689 L=K,HORT 
NROW=NROW+l 
DC 68CJ J=l,6 

689 l(L,JJal(L,JJ-ACNROW,Hl•l(HARK,J) 
686 CALL LOC(l,JLOC,Kll 

(All W(l,JA,Z,882) 
681 CONTINUE 

C EFFECr CF OBJECT RO~S ON CAMERA ROWS 
CALL LOCCl,JlOC,2331J 
CALL W(l,JA,A,NAJ 
KlJ:818 
00 704 Nu=l,IPHO 
MGRT= I T(jf AL +l-NU 
P1 =6•MORT 
NA=6•H 
Kl=4l6+2*"'U 
N~l=7.•CAH(NU,57J 
LAST=3.•CAH(NU,57) 
NCON=,..,U 
CALL L0C(l,JLOC,Kl3) 

823 DC 824 l=l,6 
CALL LOC(l,JlOC,Kll 
CALL RO(-l,JA,Z,882J 
DC 705 L=l,6 
DC 705 1: 1,LAST 
DC 705 J==L,6 

705 AtL,Jl•ACL,JJ-ZC J,U•H l,JJ 
ITEST,.8 
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486 
4 iJ 7 
488 
489 
490 
491 
492 
493 
494 
4q5 
496 
497 
498 
499 
500 
501 
502 
5C3 
504 
505 
506 
507 
508 
509 
510 
511 
512 
513 
514 
515 
516 
517 
518 
519 
520 
521 
522 
523 
524 
525 
526 
527 
528 
529 
530 
531 
532 
53 6 
537 
538 
539 
540 
541 
542 



c 

712 
. 79.8 

710 

709 

714 
715 

716 

111 

101 

706 

708 

713 

704 

lfC ITEST-M41)798,798,713 
LAST::3•( ITEST-71 
~U.RK•LAST-2 

NCOf\=f\CGN+l 
lf(f\CCN-IPH0)711,711,7C~ 
OC 714 Jal,LINE 
lf(G(3•J+5698)-CAMlNU,ITESTtt714,715,714 
CCNJ INUE 
JCYCE=O 
N=4500+6•t.IU 
K=N-5 " 
DC 716 L=K,f\ 
JOYCEzJOYCE•l 
NROW=3•J-3 
DO 7lf l=MARK,LAST 
NROW,.f\ROW+l 
GCLt•Gtlt-l(J,JOYCEl•GCNROWt 
ITESJsJTEST•l 
f\CON=f\U 
GO JO 712 
Nz7.•CAMlt.ICOf\,571 
OC 707 IMAGE=8oN 
JfCCAM(NCCN,JMAGEJ-CAM(NU,ITESTtl707,706,707 
CONTINUE 
GC TO 710 
KZz416+2•NCCN 
CALL LOCCl1JLGC1Kl) 
C~Ll RO(-l,JA,Y,882) 
JULY:::6• C N£0fll-NU+ l J 
J UNE=JULY-5 
CC 7Ce L•l,6 
NEJLs3•lll'AGE-8) 
DO 708 l=MARK,LAST 
NElLzNEIL+l 
KsO 
00 708 J=JUf\E,JULY 
K•K+l 
A(L,J):::A(L,Jl-l( [,L)•YlNElL,K) 
GC TC 710 
CALL L0C(l,JLOC,KZ3J 
CALL Mll,JA,A,NA) 
Kl3:aKZ3+l36•MORT•5llt/512 

FORMARO SOLUTION OF CAM ERA ROMS 
h=6•IPHO 
CALL LOCCl,JLOC,23491 
CALL Wll,JA,G,NI 
CALL LGCC1,JLOC,2352t 
CALL Mll,JA,CAM,74001 
l(l3:::818 
CC 723 NU:::l.IPHO 
KZ•KZ3 
NCON=NU 
JULY•6•(JJOJAL+l-NUJ 
NA•6•JUL Y 
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543 
544 
545 
546 
547 
548 
549 
550 
551 
552 
553 
554 
555 
556 
557 
558 
559 
560 
561 
562 
563 
564 
565 
566 
567 
568 
569 
570 
571 
572 
513 
574 
575 
576 
577 
578 
579 
580 
581 
582 
583 
584 
585 
586 
587 
588 
589 
590 
591 
592 
593 
594 
595 
596 



Oll lGC(l,JLGC,Kl31 597 
CAll RO(l,JA,A,NAJ 598 
CALL LCC4 l,JLCC,Kl3J 599 
DC 728 I= 1, 6 600 
S'R= l ./SQR TC -(I, I H 601 
DC 718 J"' I, J l.L Y 602 

7l8 A(l ,JJ=A( l,JJ•SOR 603 
K =4494+6 •NU+ I 6·04 
G(KJ=GIKl•SQR 605 
If( l-6l720,72B,728 606 

720 lPl=l+l 607 
DC 717 L=IPl,6 608 
cc 722 J:L,Jl.LY 609 

722 A(L,Jl=A(L,JJ-A( l,ll•A( l 1 jt 610 
M=K•L-l 611 

717 G(MJzG(MJ-A(l,LJ•GCKl 612 
728 CC:NT l,_,UE 613 

CALL W(l,JA,A,NAJ 614 
IFCNU-IPHC:l82S,723,72~ 615 

d29 N=l 6'16 
cc 845 I= l, e 617 
l=O 618 
cc 719 J= 1, Jl.LY 619 
L=l + l 620 
lf(l-2UUJ71S,7l9,833 62'1 

833 N:N+l 622 
Lzl 623 

719 CAM CL, NI= A ( I , JI 624 
845 ,_,=N• l 625 
724 ,_,CON=NCON•l 626 

IFCNCCN-IPHCJ831,83l,830 627 
831 N=6•(NCON-NlJ+ll 628 

~=N-5 629 
cc: 825 J=~,N 630 
cc 825 I= le 6 631 
If( Al I, JI ) 8 18, 82 5, 818 632 

82 5 CONTINUE 633 
C:AMCNCON,371=0. 634 
GG TG 724 635 

818 CAM( NCCN, 37l=1. 6 36 
GC TO 72'4 637 

830 CA" (NU e3 7 I =O. 638 
DC 832 NCCN=l'lilJe I PHO 6·39 
lFICA~INCuN,3711835,832,835 6't0 

835 Oll LOCCl,JLCC,Kl) 641 
N~=36•CITCTAL•l-~CONl 642 
J=6•Cf..CGt-1-NlJJ+l 643 
CALL ~0( l,JA,AC l ,JJ ,NAJ 6't4 
C-LL U .. C(l,JLCC,KZJ 645 
I'll= 1 646 
DO 808 I= 1, 6 647 
JUNE=J-1 648 
K=4494+6•NU•I 649 
M='t494+6•~CCN 650 
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L=O 651 
OG 836 NE IL.: l .JULY 652 
L=L•l 653 
IFlL-20JtS3t.E36.837 654 

837 N:::N+l 655 
L=l 656 

836 GC NE lU =C.AfHL ,N) 657 
00 725 Lsl,6 658 
M=M+l 659 
JUNE=JUNE+l 660 
OG 726 IP l =JlJNE, JULY 661 

726 A(l,IPl)•ACLtlPll-GCJUNEl*GllPl) 662 
GCMtsGCHJ-GCJUNEJ•G(K) 663 

125 CCNT ll'"W UE 664 
808 N=N+l 665 

CALL ~(l,JA,ACl,Jt,NAt 666 
832 KZ=KZ+C36•CIJCTAL+l-NC.ONl+5lll/512 667 
12 3 KZ3=KZ3+(36•tlTOTAL+l-"Ul+5lll/Sl2 668 
729 CAll LCCCl,JLOC,2352) 669 

CALL ROCleJA,CAM,740Ca 670 
c BACK SOLUTION - CAMERA RO'-S 671 

N=6 *I PHO 672 
CALL lOCCl,JLOC,2349t 673 
CAlL ROtl,JA,G,Nt 674 
PRINT 55c,IJERAT,GtKt,At6.6) 675 
GCKl=GIKJ/A(6,6) 6 76 
DC 731 NU•ltlPHO 677 
KZ=KZ-C36*NU+547t/512 6 78 
CALL LCC(l,JlCC,KZI 679 
IFCNU-11734,734, 733 680 

734 N::S 681 
"1=6 682 
JUNE=6 683 
GC TO 735 684 

733 "=6 685 
,.= 1 686 
JUNE=7 687 

735 DC 732 Isl," 688 
Nfll I =P4- l 689 
K=K-1 690 
l=K 691 
DC 736 J::JlJ"E,JUL Y 692 
L=l+l 693 

736 G(K)sG(K)-GCLt•AC~Mf ,J) 694 
GCKJ s G(K)/ACNMJ,JUNE-11 695 

732 JUNE•JUM-1 696 
IFCNU-IPHO)B4l,842,842 697 

841 NA=NA+36 698 
CALl ROCl,JA,A,NAJ 699 

731 JUL Y • 6 * ( NL• U 700 
c BACK SOlUllON - 08JECT RO.tS 701 

842 NA=6•LINE 102 
CAll LOCCl,JLOC,23311 703 
CALl RO(l,JA,A,NAI 704 
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lTEST=LINE 705 
742 NPOW=3•1TEST 706 

DC 743 NU=l,IPHO 707 
~CON=lPhG+l-NU 708 
~=CA~(NCC~,57)+7. 709 
cc 737 ~=8.~ 710 
IFIGINROW+56981-CAM(NCC~,~J)737,738 1 737 711 

737 CONTINUE 712 
GC TO 743 713 

738 ~l=416+2•~CGN 714 
CAll LCCCl,JlOC,Kl) 715 
CAll RD(-l,JA,l,882J 716 
1=3*lK-7J 717 
MCRT=4500+6•NCON 718 
MARK=~ORl-5 719 
CC 740 N=l,3 120 
JCYCE=l 721 
DC 739 K=~ARK,MOPT 722 
G(NROWl=G(NRO•l-G(KJ•lllrJOYCEJ 723 

739 JCVCE=JOYCE•l 724 
I=I-1 725 

740 NROW=~RUW-1 726 
NROW=~ROW+3 727 

743 CCNT[~UE 128 
G(NRO"l=G(NROwl/A(6,IJESTJ 729 
G ( N R 0 liil- lJ = ( G ( NR 0 w- u - G ( ,... Ra Iii! ) • A ( 5' IT E 5 1 I ) I A I 4 ' I TE s T J 73 0 
GINROW-2)=1Gfl'.R0~-21-GCNRO•l•A(3,ITESTJ-G(NROW-ll•Al2,llEST~~/Afl, 731 

lITESTI 732 
ITEST=ITEST-1 733 
IFCiTEST-1)741,742,742 734 

C AOO lEAST SOUAPES RESULTS TO OBJECT ORDER llST AND CA~ ARRAY 735 
741 SCALE=CAH(l,7) 736 

CAll LOCCl,JLOC,400J 117 
CAL L R 0 ( - l , J A , A , NA J 73 B· 
DC 744 H=lellNE 739 
J=l 740 
JULY=30~ 741 
JUNE=JULY-2 742 
DC 744 K=JU~EtJUlY 743 
GIKl=GCKl*SCAlE 744 
J:J+l 745 
lf(J-3)7~3,793,794 746 

793 IFCA(5,M)l79~,795,744 747 
794 l~(A(6,M))79~,795,744 748 
795 A(J,MJ=A(J,~J+GIKJ 749 
744 CONJlNUE 750 

00 745 Ksl,IPHO 751 
J=4 752 
JUNE=4495+6•K•3 753 
JULY=JUNE+2 754 
DC 745 l=JU~E,JULY 755 
GC l l=GI l l*SCAlE 7156 
J=J+l 757 
CAH(K,JJ=CAM(K,JJ+Glll 758 
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C(4,J-4J=Gt 1-31 759 
C(5,J-4t=SORT(l.-C(4,J-4l•C(4,J-4)) 760 
C(6,J-4}=CAM(K,J-3J*CCS,J-41•CA~(K,J+53l*C(4,J-41 761 
C(7,J-4t=CAM(K,J+53t*C(~,J-4J-CAH(K,J-31•C(4,J-4) 762 
CAHCK,J-31=CC6,J-4J 763 

745 C~H(K,J+531=Cf7,J-41 764 
C DETERMINE ~AXIMUM CORRECTION TO ORIENTATION PARAMETERS ANO TEST 765 
C AGAINST LIMIT 766 

LR0Wz4500+6•1PHO 767 
L=450l 768 
J=450l 769 

753 CC 74~ N=l,2 770 
IF<ABS(G(Llt-A8SIGIJ)ll750,749,74~ 771 

750 L=J 772 
CC 824 J=l,M 533 

824 A(I,Jl=O. 534 
CALL ROCl,JA,A,361 535 

749 J=J+l 773 
IF(ABS(GIU 1-ABS(GIJ) ))751,752 1 752 774 

751 L=J 775 
752 J=J+4 776 

IF(J-LRGkl753,753,754 777 
754 PRINT 533,ITERAT,G(LI 778 

IF(ABSlGCLJ 1-.oocou 746.746,747 779 
C ITERATION REQUIRED 780 

747 lTERAT=ITERAT+l 781 
1F(ITERAT-MAX)74f,748 1 746 782 

746 CALL LGCCl,JLOC,01 783 
673 CALL ROC-l,JA,811531 784 

GG TO 764 785 
C BLOCK FINALIZED--OUTPUT OF X,Y,Z ON GROUND 786 

746 PRINT 534 787 
PRINT 540,((A(J.Il,J=l,4)d-=l,LINEI 768 
PUNCH 540,((A(J, IJ,J=l141,l=l1LINE) 789 

C BLGCK FlNALllEO--P~l~TOUT OF LAST OX,DY,OZ COHPUTE O FOR CONTROL 790 
C STATIONS BY LEAST SQUARES BLOCK SOLUTION 791 

P~INT 530 792 
DC 721 M=l1LlNE 793 
IF(A(5.~Jl8431843 1 703 794 

843 If(AC6.~11721172l 1 703 795 
703 JULY=3*H 796 

JUNE=JULY-2 797 
PRINT 540,A(l,H),(GCJ),l=JUNE,JULYI 798 

721 CCNTINUE 799 
C BLOCK FINALlZEO--OUTPUT OF X AND Y PLATE RESIOUALS 800 

PRINT 536 601 
ICUT =2 802 
SCALE = Q. 803 
PCl,lOJ=O. 804 
PC2,lOJ=O. 805 
GC TO 746 806 

524 FORMAT(lX1ll1lX1El4.8,2(3X,F2.1),2X,12.3Xell,F6.61 807 
525 FCRMATC7Xwl313(2X,Ill,2X,El4.8J 808 
526 FCR~ATCIX,I912l2X,El4.81137X,III 809 
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S27 FCRMAT(4X,l~,3l3X,El4.8J,14X,212,lll 810 
S28 FORMAT(/32H GROUND COORDINATES MISSING FOR 16, SH-STOP/I 811 
529 FCRMAT132~ GROUND COORDINATES E~TEREO FOR 14, 35H OBJECTS. EXCEED 812 

lS 1706 Ll~ll--STOP/1 613 
S30 FORMATl/53H CONTROL OX DY OZ/) 814 
531 FGRMAT(70h 815 

l 816 
S32 FORMAT(/50H ORIENTATION PARAMETER CORRECTION LIMIT IS 0.00001/I 917 
533 FORMAT(l4H PROGRAM PASS ll 9 46H PRODUCES A MAXIMUM ORIENTATION CORR 818 

lECTIC~ CF El4.81 819 
S34 FORMAT(/S8H OBJECT X GROUND Y GROUND l GRO 820 

iU~D/J 821 
535 FORMATl/7H PLATE 13, 36~ NEEDS OVER 5 RESECTION PASSES--STOPI 822 
536 FORMAT(/43H IMAGE X PLATE RESID Y PLATE RESIO/) 623 
S38 FORMAT(/33H RMS RESIDUAL FOR ENTIRE BLOCK= El4.81 624 
S39 FORMAT(l5SH PLA,TE OMEGA PHI KAPPA 825 

1) 826 
S40 FCRMAT(lX,19,3X,El4.8,3X,El4.8t3X,El4.81 827 
S41 FORMAT(/S3H PLATE XO YO lot 928 
542 FORMAJ(/54H BL 0 c K A D J u s T ME N T c 0 M p L E T E DI 829 
S43 f0RMAT(l6H BLOCK CUNTAINS 13, 17H PHOTOGRAPHS ANO 14, SH OBJECTS/I 830 
544 FORMAT(47~ BLGCK ADJUSTMENT Will DETERMINE POSITIONS FOR 14, 40H 0 g31 

lBJECTS ANC EXCEEDS LIMIT OF lSOO -STOPI 8°32 
S45 FOR"1ATl/711 PLATE 13, SH HAS 12, 35H IMAGES ANO EXCEEDS 49 LIMIT--- 833 

lSTOPI 834 
556 FCRMATC/14H PROGRAM PASS 11, l9H LAST PLATE OZO IS El4.8, 12H DIVI 835 

lDEO BY El4.SJ 836 
E~O 837 

T SUBTYPE,FCRTRAN,L~AP,LSTRAP,PUNCH 638 
SUBROUTlNE INSECT llTOT.AL,FL,LARRY,RESIDI 839 
OIMENSIUN CAM(200,60l,Cl20,31,Dl6,71 840 
COMMO~ CAM,C,C 841 
PRINT S47 842 
LINE=l 643 
NEIL=l 844 
l~AGE=l 845 
~ARK=O 846 
I GO= 1 847 

881 IF(LARRY)87~,879,878 848 
878 READ 546,lCA~(IMAGE,JJ,J=ll,13),CAM(IMAGE,191 849 

GG TO 877 8SO 
879 READ 546,CCA~(IMAGE,Jl,J=ll,131 851 

CAMCl~AGE,l~l=FL 852 
877 J=CA"(IMAGE,111/1000000. 853 

tAM( l~AGE+l, 19l=J 854 
fK=J•lOOOOOO 855 
CAMCIMAGE1141=tAM(IMAGE,lll-FK 656 

929 (f(CAMC lt 141-CAM( IMAGE, 1411882,~0l,882 857 
901 l~AGE=IMAGE+2 858 

GC T0'881 859 
882 JGE=IMAGE 660 
924 l~AGE=IMAGE-2 861 

MCRT=IMAGE•l 862 
904 DC 883 l•ltl~AGE,2 863 

62 



DC! 884 J•l, ITCTAL 864 
IF(CA .. CJ,U-CAMC 1•1.191 '884,885·,884 86 5 

864 CCNTINUE 866 
685 L=5 867 

DC 886 ~·l,l 868 
Cll,1<.t•CAM(J,L) 869 
CC2eK)•CAM(~,L-ll 8 70 
CC3,Kl•CAMCJ 1 l•Sll 871 

8 8 6 L •L • 1 8 7 2 
C ORIENTATION MATRIX 871 

CC4,l)•C(l,2J•C(3,31 874 
CC5,ll•-C(3,21•CC2,31 875 
CC6ell•C(2,21 876 
C(4,2)•C(3,l)•CC2,3) • Cl2,ll•Cl2,21•CC3,31 877 
CC5,2)•CO,U•CC31H - cc2,u•cc2,21•cc2,31 878 
C,6,2t•-CC21ll•CC3121 879 
C44,3)•C(2,l>•CC2t31 - Cl3,ll•CC2121•CC3,3) 880 
C l 5 , 3 ) • C C 2 , l J •C C 3 , 3 I • C C 3 , l I •C C 2 , 2t • C ( 2 , 3 I 8 81 
CC6, 3) •C'31 U•CC 3e2:t 882 
GC TOC899, 89 5 t,NEIL 883 

C FORM AUGMENTED COEFFICIENT MATRIX 884 
899 I<• l 8 85 

CC 887 l•IS117 886 
CAMClel) • CAM(l,12t•Cl6,K)-(-CAM(l1l9)J•C(4,1<.) 887 
CAl'Hl•l.U•CAM(l,l3t•CC6,tc.)-(-CAM(f,1q11•ccs,1<.J 888 

887 K•K•l 889 
CAMCltl8t. CCl,lJ•CAH( 1115) + cc1,2t•CAMCl,l6I + C(l,31•CA~Cl.l71 890 
CAM C I • l , l 8 ) •CI l , l I • CA l'H I + l , 1 5 I+ C ( l , 2 I • C A "1 ( I + l , l 6 I +CC l , 3 I • C AM C I+ l , l 8 91 

171 892 
GO TOC937,895J1IGO 893 

q31 GG TO 883 894 
895 00 896 K•l,) 895 
896 CC8eKl•OCK,4)-C( 1,1<.1 896 

00 897 1<.•l,3 897 
897 CC9,K)•C(K•31ll•Cl81ll•C(l<.+3,2J•CC8,2t+CCK•3t31•CC8t31 aqa 

GO TO C938,9J9J,NEll 899 
938 DC 940 l•l51l8 900 

CAMll,U•CAM((,L)/Cl9t31 901 
940 CAMCl•ltll•CAMCl•l,Lt/CC9,3) 902 

GC TC 883 903 
939 CAl'UJ,20J • CAMtl112J - C-CAl'lll.19Jl•Cl9,l)/(( 9 , 3 1 904 

CAMClt-l,20)zCAl'U 1,13) - C-CAM(l,19U•CC9, zt /CC 9 , 3 1 905 
883 CCNTl~UE 906 

Ge Tocqos,9121,NEll 907 
C FOR .. NORMAL EQUATIONS 908 

905 DC 902 l•l,3 909 
DO 902 J•[,4 910 
Oll,Jl•O. 911 
DO 902 K•l,MORT 912 

902 oc1.~1-ocJ,Jl•CAMCK,l•l41•CA~(l<.,J+l4f 913 
C FORWARO SCLUTlON 914 

OG 909 1•1,3 915 
S'fhSCRTCCC 1.111 916 
DO 908 J•l,4 91 7 



908 OCJ,Jl=OCl,JJ/SQR 918 
IFCI-3J907,90c,906 919 

907 IPl=l+l 920 
00 909 L=lPl,3 921 
DC 909 J=L,4 922 

909 DCL.JJ=D(L,JJ-0((,L)*OCl,J) 923 
C BACK SOLUTION 924 

906 D(3,41=0(3,4)/0(3,3) 925 
DC 911 1=112 926 
N~l=3-I 927 
NMIPl=NMl+l 928 
DC 910 J=~MIPl,3 929 

910 DCNMl,4)=0,~Ml,4)-0(J,4J•OC~Ml,JJ 930 
911 OCNMl 1 4JzOCN~l,4)/0CNMl,NMIJ 931 

GO TO l9411S421t IGO 932 
c ITERATE XYl SOLUTIGN 933 

94 l 00 936 J=l,3 934 
936 CAH(2001J+lOl=D(J141 935 

IG0=2 936 
GO TO 904 937 

c TEST ru TERMINATE XVZ ITERATIVE SOLUTION 938 
942 FK=ABSCD(l,41-CAM(200111JJ•C-CAM(IMAGE 1191J/CC9131 939 

IFCFK-0.0000011943,~431941 940 
943 FK=ABSlD(2,4J-CAMC200112))•(-CAM{IMAGE119JJ/C(9,31 941 

IFCFK-O.OOOOOll944,944,~41 942 
c COMPUfE PLATE RESIDUALS 943 

944 NEIL=2 944 
GC TO 904 945 

c DETERMINE ~AXIMUM PLATE RESIDUAL AND TESJ AGAINST RESIDUAL LIMIT 946 
912 l=l 947 

M=I 948 
916 M=M+l 949 

IF(M-MO~T)913t913t914 950 
913 IF( ABSI CAM( 11201 J-ABSICAM(M,20J J) ~1519161916 951 
915 I=M 952 

GO TO 916 953 
914 IFCABSCCAMI I.201 J-RESIDJ917,Sl7,918 q54 

c BAO ~AY 955 
918 L=I/2 956 

IFCI-2•LJ~21,~21,922 957 
921 1=1-1 958 
S22 HARK=~ARK+l 959 

IFCMARK-1)91919191920 960 
919 IF( IMAGE-3)S201920,926 961 
926 P~INT 54~,CAMCl,ll) 962 

1Fll-IMAGEl9231900,900 963 
923 DO 925 K=ll119 964 

CAH(l,~J=CA~CIHAGE,KJ 965 
925 CAM(l+l1Kl=CAM(MORT,KJ 966 
900 NEIL=l 967 

DO 945 J=l13 968 
945 CAH(200,J+l0l=D(J,4) 969 

GC TO 924 970 
920 P~INT 550,CAM(l,llJ 971 



C OUTPUT OF X Y l ANO PLATE RESIDUALS 
917 PRINT 548 

PRINT 554tCAM(l,141,(0lKt41,K=l,31 
PUNCH 554,CAMCl,141,(0(K,4),K=l,31 
PRINT 553 
DC 935 l=l,IMAGE,2 

935 PRINT 554tCAMCl,ll),CAM(l,201,CAHCl+l,20l 
lfCCA~CJOE,lllJ930,930,931 

930 PRINT 552,LINE 
RETURN 

931 LINE=LINE+l 
PRINT 551 
DC 928 K=lltl4 

928 CAHll,Kl=CAM(JOE,KJ 
CAM(l,191=CAM(JOE,19) 
CAHl2,19t=CAM(JOE+l,191 
NEIL=l 
IMAGE=l 
M~RK=O 

I GO= 1 
GO TO 929 

546 FCRHAT(lXel9t2X,El4.8,2X,El4.8,2XeE14.8) 
547 FORMAT(//42~ OBJECT POSITIONS COHPUTED BY INTERSECTION/) 
548 f0RHAT(/58H OBJECT X GROUND Y GROUND 

lUNO/ I 
549 fCRMAT(lX,19, 34~ EXCEEDS RESIDUAL LIMIT--DISCAROEOl 
550 FORMATClX,19, 34H EXCEEDS RESIDUAL LIHIT--SEE BELOWI 
551 FCRMATC lH ///) 
552 FORMAT(//40H TOTAL NUMBER OF INTERSECTED OBJECTS rs 14) 
553 FORHAT(/43H IMAGE X PLATE RESIO Y PLATE RESIO/I 
554 FCRHAT(lX,I9,3X.F14.8,3X,El4.8,3X,El4.8J 

Et-.D 
T SUBTYPE,BIN 

65 

972 
973 
974 
975 
976 
977 
978 
979 
980 
981 
982 
983 
984 
985 
986 
987 
988 
989 
990 
991 
992 
993 
994 

l GRO 995 
996 
997 
998 
999 

1000 
1001 
1002 
1003 
1004 
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Appendix 3 

Annotations to 
Source Fortran Program 

The following annotations pertain to the source 
Fortran program (Appendix 1 ) . The numbered annotations 
refer to the line numbers that are shown on the right 
in the program listing. Expressions such as "S792 = L097" 
are used to mean "Statement number 792 occurs on Line 097 
of the listing". 

013 The number of words in the dimensioned arrays is 
33,679. 

014 For use in the intersection subroutine INSECT 

015 Constant meaning "first i tera ti on of the block 
adjustment phase. 

016 Constant. IGO = 1 indicates the Resection phase; 
= 2, the Block Adjustment proper. 

017 Constant indicating that the Block Adjustment is 
not finalized, and a subsequent iteration is in 
progress. 

018 IRE is a count of the number of iterations on the 
Block solution. 

019 Initializing a variously used constant. 

020 A disk guard. 

021 Job title: see Lines 44 and 258. 

023 This is the convergence criterion for the camera 
angle parameters, particularly applicable to 
Resection, normally lo-5 radian (about 2 arc 
seconds), fixed in this program, but subject to 
modification. 

026 Clears the first column of the E-array which is 
needed for the first iteration of Resection for 
the first photo, to establish an order list in 
the A-array. 

028 Clears the first row in the A-array in order to 
constitute a valid test in Line 115 as to whether 
this row is empty. 1500 columns must be cleared 
because the total number of objects in the Block 
is not yet known. 
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S792 = 1097 means "Statement 792 is on Line 097". 

031 LARRY: zero indicates that a single focal length is 
used throughout; 1 indicates a possible different 
focal length for each photo. 

033-
042 

044 

045 

FL: focal length. 

WT 712: 
images 7 
for 0 to 
of image 

weight factor for observation equations of 
to 12 cm from the center (factor 1 built in 
7) for possible use to recognize variation 
resolution of the lens. 

WT 12P: weight factor for images more than 12 cm 
from the center. 

WTCON: a weight factor for control points to regulate 
collinearity (in addition to "posi tion11 weight factor 
on Li n e 0 3 5) • 

MAX: maximum number of iterations allowed in Resection 
to avoid indeterminant case. 

RESID: The maximum residual discrepancy in microns 
allowed in INSECT as a criterion for rejection and 
error messages: to detect bad data--these are not 
processed previously. 

Input of all the provisional coordinates for all the 
objects used in the Block, including control: object 
identification number, X-coordinate, Y-coordinate, 
Z- coordinate, XY-wei gh t: Z-weigh t. These "p osi ti on" 
weight factors for the control points are used after 
the normal equations are formed in the Block adjustment 
to multiply the coefficients of the respective diagonal 
terms. ITEST consists of a signal punch of 1 in column 
80 of the last card. NCON is a count of the total 
number of objects which must not exceed 1706; if it does, 
an error message is printed and the computation is stopped. 

This is a 11 sta11n statement which assures that the B and 
E-arrays for the previous photograph have been completely 
transferred to disk before the new data is input. 

Five items of data are input for the purpose of directing 
the computation. B(50,l) is the number of the photograph. 
B(50,2), ordinarily zero, is 1 if the photograph is the 
first one of strip, and hence has no useful images on the 
left side. B(50,3), ordinarily zero, is 1 if' the 



046 

048-
052 
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photograph is the last one of a strip and hence has 
po useful images on the right side. B(51 ,l ) , 
ordinarily zero, is l_ if the photograph is the last 
one of the Block. B{51,2), ordinarily zer~ i s the 
focal length for the subject photograph, and is used 
only when more than one focal length is used as 
indicated by the value of LARRY on Line 031. 

If LARRY is zero, a single focal length prevails and 
the computation proceeds to Statement 804 on Line 048; 
if LARRY is 1, different focal lengths are involved 
as specified by Statement 805 on Line 047. 

Input procedure for all the images from this one 
photograph, including nine-digit image identification 
number, the refined x-and _1-coordinates, and signal 
ITEST = 1 in column Eo of the last card for the photo
graph. 

053 B(51,3) is the number of images on this photograph. 

054-
056 

If the number of images on this photograph exceeds 49, 
an error message is printed and the computation stopped. 
Note that some of the 49 are images of control stat~ons. 
Also, only the first (or 12)18 are used here in Resection 
whereas all of them are used in the Block. An unlimited 
number of additional images can be accommodated later in 
the INSECT subroutine. 

057- On the first disk CALL, the locator is automatica l ly set 
059 at arc zero: thereafter the locations are at arcs 2, 4, 

6 .... 398 for 200 photographs. 

061 Return here from Line 785. 

062 NU is the counter for the rows in the· E-array. 

063- Procedure for ignoring those rows in the E-array that 
072 are associated with null images on the first and last 

photos of all strips. 

073 NMI is the integer form of the number of images on ~he 
photograph. 

074 K is the number of the image being processed. (S792 = 
L 097) 

077 FK is the 6-digit number of the object associated with 
image K. FK consists of the final 6 digits of the 9-
digit image identification number: e.g., if the i.d. 
number is K = 119 114 331, then FK = 114 331. 
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078 On all iterations after the first one, extract the 
data from the A-array because to these ob j ect coordi
nates have been added the dX, dY, dZ corrections. 

079 If the adjustment is finalized (or converges) on the 
first iteration (IOUT = 2), extract the coordinate 
data from the corrected A-array for the purpose of 
computing the image re,siduals. 

081- The process of transferring the object number, and 
086 X, Y, Z object coordinates from the A to the E arrays. 

S 792 = L 097. 

087- The process of transferring the object number, X, Y, 
097 Z, X-Y weight, and Z weight from G to E arrays. 

098 If LAST = O, then all of the images of this photograph 
have been processed. 

099 If the number of images is less than or equal to 18, 
then LAST= 0 when Statement 635 is be~un. 

103 S 637 = L 073 

105 Store the E-array on disk arc after the B-arcs . Arcs 
used are 1, 3, 5 ... 399. 

106 - Statement 762 constitutes a by-pass of the establish
ment of the order list L 110 after the ini ti al i t era t ion. 

107 If the block is finalized on the initial iteration 
(IOUT = 2), by-pass the order-list establishment. 
Statement 785 establishes the order list for unknown 
objects. 

108 S 673 = L 784 resets the disk for the next photograph. 
Program control goes to 675 if all the pho tographs 
have been processed. 

109 S 757 = L 258 is the least squares solution for the 
Block. S 758 = L 276 indicates that the Block is 
being finalized, t he,ref ore proceed to de termini ng the 
residuals. 

111 The value of IMAGE also constitutes the number of rows 
used in the E-array . 

112 Test for presence of data in rows of E-matrix. 
(E rows 1-6 (or 13-18) are zero if the pho tograph is 
the first (or last) one' of a strip.) There is no 
need to clear E before the next photograph because 
these data are transferred from the A-array order list 
in proper form. 
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114 Statement 642 indicates that the E-object is not on 
this line of the A-array. 640 means that the E-object 
is already in the A-list, consequently proceed to 
the next E-object. 

115 644 indicates that the A-row contains object data: 
therefore test the next line. 643 indicates that the 
A-row is empty; therefore transfer the E-object there. 

121 S 646 = L 114. 

124 N is the count of the number of iterations of the 
Resection solution. 

126 E(ll, J + 1) always pertains to an object near the 
center of the photograph because of the order in 
which the input cards are presorted: its X and Y 
coordinates are taken as the first approximation 
of Xo, Y0 of the camera station. 

127 The first approximations of sin w and sin d are set 
equal to zero. 

128 The first approximations cos w and cos d are set 
equal to 1. 

129 This formulation is explained in Technical Report 32, 
page 3. 

131, Because of the order in which the cards are presorted, 
132 these two points are always widely separated. 

136 

137 

138 

139 

141 

142-
146 

The approximate scale of the photograph expressed a~ 
the decimal form of the representative fraction. 

Initial approximation of sin K. 

Initial approximation of flying height Z0 • 

Initial approximation of cos ~. 

Updating the count of the number of Resection iterations. 
This is where the control of the computation returns 
after the previous iteration from Line 238. 

To prevent the incorporation of an indeterminant case 
for any Resection solution, none is allowed to iterate 
more than 5 times. If one does, appropriate data is 
output and the whole solution is stopped. S 893 = L 241. 



147-
171 

172 

174-
176 

71 

The camera rotation matrix and its partial derivatives. 
The formulation and arrangement of these data are 
explained on page 

613 is a continuation of the Resection phase. S 809 = 
L 294 is the Block phase where these same foregoing 
formulas are used. 

The D-array is cleared so that contributions to normal 
equations can be formed for only two observa t ion 
equations at a time. 

178- Only 5 objects on the right side are used for Resection 
181 if the photograph is the first one in a strip. 

182- Only 5 objects on the left side are used for Resec tion 
185 if the photograph is the last one in a strip. 

186- For the general photograph, 9 objects are used for 
187 Resection. 

188 S 618 = L 206 

1 90 X- Xo , e t c • ; the B- v e c tor in , e . g . , A 
3 

B 

192- The scalar products AiB, oAiB/o~, etc. 
195 

198 

200 

201 

202-
206 

The constant term (residual) P11/A1B, and the coefficients 
of the angular terms, e.g., P1 31A3 B, in the t wo obser
vation equations for one image. 

The coefficients of the linear terms, e.g., P15/A3B, 
in the two observation equations for one image. 
Multiplication by C(l,3) is a "scaling" fact o r that 
makes these terms the same general size as the angular 
ones; the factor happens to be the flying height. 

The algebraic signs of the constant terms (residuals) 
is changed so that the results of the soluti on will 
constitute correcti ons rather than errors. 

The contributions to the system of normal equations 
for Resection are formed for the two observation 
equations for an image, and the values are added to 
the appropriate values stored previously in the D
array. (See next annotation also.) 
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208- S 699 = L 216. The formation of normal equations, 
223 and their forward and back solutions is explained 

in Technical Bulletin 21, page 38, and Technical 
Bulletin 23, page 6. 

224 The "answers 11 of the solution. 

225- The effect of the "scaling" factor (C(l,3)) in Line 
226 200 is cancelled so that the linear corrections are 

e:Xpressed in appropriate units of measurement. 

229 

230-
23 5 

237-
239 

241 

242 

244 

245 

246 

247 

248 

The linear corrections are added to the camera 
parameters Xe + d'Xa, etc. 

The angular corrections are added through the use of 
the standard trigonometric formulas for sin (n + 8), 
etc. It is assumed that e, (d~, etc.), is a small 2 ~ 
angle so that sin d¢ = arc d~ and cos d~ = (1 - arc dtS) 
are essentially valid. Although they will not be 
entirely valid on the first iteration in Resection, 
subsequent iterations are essentially correct as d6 
becomes ~all: in fact, arc~' etc., is each smaller 
than lo-.?. 

Are all of the angular corrections less than 10-5? If 
not, return to S 610 = L 147 for another iteration of 
Resection for this photo. If yes, store the final 
Resection parameters. 

IPHO is a serial count number of the photographs, 

The serial count number is stored in the CAM-array. 

Storing the Resected cosines of the three angular 
camera parameters. 

Storing the Resected sines of the three angular 
camera parameters. 

Storing the three Resected linear camera parameters. 

S 604 = L 044 to Read cards for next photograph unless 
all of them have been processed. 

A test to stop after all Resections are computed if 
one or more required more than 5 iterations. 
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252- Error message if more than 1500 objects are in order 
254 list in A-array. 

255 ITOTAL is the total number or photographs in the 
Block--statement occurs only on initial iteration. 

256 Output of size of block (only on initial iteration 
of Block). 

257 Number or words in order list in A-array (only on 
initial iteration or Block). 

258 A test number used as a "disk guard." 

259 Locates disk arc 400. 

260 Stores order list or A-array into disk arcs 400-41 7. 

262 Identifies the Block adjustment phase. 

263 Cells 1 to 5700 of the G-array are cleared to provide 
storage space for the constant te:r'ITls or all the 
normal equations. 

266- The order list is stored in cells 5701 to 10,200 or 
269 the G-array: object number, XY-weight, Z-weight . 

270 Arc locators . 

272 A "stall" instruction (parking orbit) unti l all or 
the order list in A-array has been stored in disk 
( L 266) • 

273 Clear A-array to provide storage for formation of Zl 
portion or normal equations. 

277 Arc locator. 

279 Disk guard. Transfer to here from 1420. 

280 Locate disk arc. 

281 The B- and E-arrays for photo (IPHO+l) are transferred 
from disk to core. 

282 Go to S759 for the orientation solution. Go to S768 = 
1288 to compute the residuals if the solu t ion is 
being fina li.~ed. 
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285 Clear cells 10,211 to 10,238 in the G-array for the 
summation of the Z3-portion of the normal equation~ 
for one photo at a time. 

288 IPHO is the number of the photo now being processed. 

289- Transfer from CAM-array to the C-array the camera 
292 station parameters and the sines and cosines of the 

three orientation parameters for this photo. 

293 Go to S610 = 1140 to form the C-array orientation 
factors. 

294 A "stall" ins true ti on to allow comp le ti on of 1281 
before proceeding. 

296 S 767 = L 299 is for a single focal length for the 
job; S 807 is for different focal lengths. 

300 For the first photos of strips: S 651 = L 308. 

303 For the last photos of strips. 

307 Not an end photo of any strip. 

308 Number of images on this photograph. 

309 NV is the image number on photo IPHO now being 
processed. S 656 = L 413 

310 S 866 = L 320 to form the two observation equations. 
S 867 = L 311 to compute the image residuals if the 
orientation has already been finalized. 

311 Search for the J-value locating in the A-order lis~ 
the object that corresponds to image NV. (Note fo~ 
Lines 311-319: At control stations the lack of 
collinearity is due to the image residual plus the 
effect of the control station which is not been allowed-
through weighting--to adjust; this section applies the 
computed dX, dY, dZ, thence the residuals vx, vy can 
be evaluated later as p 11/A

3
B, P211A

3
B. 

315 Go to S 870 if there is no XY-weight; otherwise 
go to S 871. 

316 X+dX and Y+dY for weighted control s ta ti ons. 

318 Go to S 866 if there is no Z-weight; otherwise go 
to S 872. 
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319 Z+dZ for a weighted control station. 

320 x-~, Y-Y0 , z-z0 • 

322 Go to S 873 to form observation equations; to S 874 
to compute image residuals if the orientation 
solution has been finalized. 

323- This limits the loop on L 327 to computing AiB only 
324 if image residuals are needed. 

327- AiBt (oAi/Ci~)B, etc. 
330 

331 

335 

337 

341 

343 

344 

346-
348 

349 

350 

351 

356 

357 

Go to S 770 = L 407 to compute the residuals if the 
orientation solution has been finalized. 

Pj1/A3B···Pj4/A3B, j = 1,2. 

-p ·r::/A B .•• -p . 7/A~B, j = 1,2. The term CAM(l, 7) 
(ai~itdde) 1sJa scaling factor applied to make these 
terms the same general magnitude as the linear terms 
on L 335. 

Transfers the p-coefficients for the object terms dX, 
d~, dZ into rows 3 and 4. 

Transfers the linear p-coefficients for the camera 
teI"ITls into rows 3 and 4. 

T~ansfers the constant terms -p11!A
3

B and -p 21/A
3
B. 

Search for the j-value to locate in the order list 
the object that corresponds to image NV. 

If an XY-we1ght is present, go to L 351; if not, go 
tci L 350. 

If a Z-weight is present, go to L 351; if not, go to 
L 354. 

Multiply the two observation equation3 by the factor 
WTCON to influence the colinearity condition. 

Distance (radius) from the p~incipal point to the 
image in meters. 

If the radius is less than .07 mete~, the weight factor 
is l; if more, proceed to next instruction. 
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359 

362 
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If the radius is between .07 and .12, go to next 
line; if greater, go to L 366. 

De fines the value of the "re solution" weight factor 
for .07 to .12. 

Defines the value of the weight factor for radius 
greater than .12. 

Multiply the two observation equations by the 
"resolution" weight factor. 

366- Clear rows 5 to 13 of P-array in which to form the 
368 contributions of two observation equations for one 

image to the system of normal equations. 

369-
372 

373 

375-
380 

390-
398 

I is the number of a column of the two observation 
equations. Mis equal to I to avoid computing terms 
below the diagonal matrix for the 9 normal equations 
for this image in rows 5 through 13. 

Searches for the J-value in the order list locating 
the object corresponding to image NV. 

Adds contributions of the dX, dY, dZ coefficients of 
the two observation equations for an image (stored in P) 
to the accumulating values in A. This portion is called 
the Zl sector as shown in Figure Note that other 
contributions to A also come from other photos: also that 
Zl must be vacated for the next image. 

Adds contributions of the constant terms for the dX, 
dY, dZ equations to the accumulated values in cells 1-4500 
of the G-array. This is the upper portion only of the 
Z2 sector. Other contributions to these terms for this 
object come from other photos . 

These terms are from the Z-sector and are transferred to 
the Z-array for each image. These terms do not receive 
further contributions: they are the products of the 
object coefficients and the camera coefficients. They 
are stored for photo IPR in rows 1-147: the first photo in 
rows 1-3, the second in rows 4-6; etc. 

The terms in the z3-sector are the products of the camera 
parameters by themselves, and contributions from each 
image in the P-array are added to the accumulating values 
in the G-array until all the images on a photo are 
processed. They consist of the 36 terms of a 6x6 matrix 
where the terms below the diagonal are zeros, and are 
located in cells 10201-10236 of the G-array. 
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399- The contributions of the constant terms in the lower 
402 (camera) portion of the Z2-sector in the P-array are 

added for each image to the accumulating values in 
cells 4501-5700 of the G-array. 

403 The object number is stored in the CAM-array for 
photo IPHO. 

405 Go to S656 = L 413 to process the next (NU+l) image 
on this photo IPHO. 

406 Where the computation is directed here from L 331, 
only the residual (constant) terms need to be 
recomputed instead of all the seven coefficients. 

408 Computes vx = p 11/A
3

B and vy = p21 /A
3

B 

409 Prints the object number and two residuals. 

410- Accumulate the residuals in preparation for determining 
411 the precision of the computation. 

412 SCALE here has no relation to L 136. It is initialized on 
L 786 after the Block is adjusted, and incremented here 
by 2. 

413 From line 405. 

414 S 693 = L 442 

415 Used only after the Block has been adjusted. 

416 Go to 772 if the photo is the last one of a strip; 
otherwise to 773. 

417 Go to 774 if there are more than 18 images input for 
photo IPHO: otherwise to 773. 

418 If the photo is the last one in the Block, go to 
S 775 = L 426; otherwise to 777. 

419 Arc locator for B and E arrays for photo (IPHO + 1). 

420 S 776 = L 279 

421- Procedure if more than 18 images have been input for 
423 photo IPHO. S 651 = L 318 

426 Compute RMS precisi~n indi2ator forLBlock from accumulat e d 
total: RMS= [{2,vx + IVy )/SCALE]~ 



427 

428 

430 

431 

432 

433 

434 

436 

439 

442 

445 

446 

447-
448 

78 

Print RMS 

Heading for print columns for data to follow. 

Sin w, ~' ~. 

Cos w, ~' ~. 

Column headings for data to follow. 

Photo No. X , Y , Z . 
0 0 0 

Call Intersection Subroutine. 

Block Adjustment Completed. 

Go to S 776 = L 015 to initialize for the next Block. 

Go to 678 if this is the last photo of a strip; 
otherwise to 680 and continue this sequence of 
instructions through L 454. 

Go to S 679 = L 455 if more than 18 images are input 
for photo IPHO: otherwise to 680. 

Go to S 677 = L 458 if this is the last photo in the 
Block; otherwise to 692. 

The number of objects on this photo contributing 
observation equations to the Block adjustment. 

Arc.locator for Band E arrays for photo (IPHO + 1). 

Transfer core Z-array for photo IPHO onto disk. 

449- Transfer core G (Z3) for photo IPHO onto disk. 
450 

451 Arc locator for Z-sector for photo (IPHO + 1) 

453 Arc locator for z3-sector for photo (IPHO + 1). 

454 S 756 = L 279 

455- From line 443 if there are more than 18 · images on 
457 photo IPHO. S 651 = L 308. 
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458 From line 444 if last photo is the Block, and 
terminating in line 462. This is the number of 
objects on this photo contributing observation 
equations to the Block adjustment. 

459- Transfer core 2 for photo IPHO into disk. 
460 

461- Transfer G(23) for photo IPHO into disk. 
462 

465 If the object has an XY-weight, go to the next line; 
if not, go to S 846 = L 468. 

466- Mllltiply the two diagonal terms for dX and dY by the 
467 XY-weight. 

468 If the object has a 2-weight, go to the next line: 
otherwise to L 470. 

469 Multiply the diagonal term for d2 by the 2-weight. 

471 The solution of the normal equations for the Block 
is accomplished in four sections. 

Section I. Forward solution involving the terms 
from the 21 and Z2 sectors--Lines 472-518 

Section II. Forward s olution involving the terms 
from the 2 and 22-sectors --Lines 519-58 4 

Section III. Forward solution involving the terms 
in the 23 and Z2-sectors--Lines 585-669. 

Section IV. The back solution--Lines 670- 779. 

4 72 M is the object number, S 681 = L 521. The Zl sector 
for an object consists of six terms arranged in stair
step style, as it comprises a Jx3 matrix, th1ere being 
no terms below the diagonal, so that t h.ree terms are 
on the first (X) row, two on the second (Y), and one 
(Z) on the third. 

474 The last Zl-term on a given object row. 

4 76 S 682 = L 492 

479 Compute the s quare root of the leading term of th1e 
row in Zl. 

481 Divide all the terms in the row of Zl by the square
root value. 
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483 Divide the constant term Z2 for this row by the 
square root. 

484 If the object row is less than 3 proceed with the 
following computation: if it is equal to 3, go to 
the next sequence. S 685 ~ L 493 

485- Computes the effects of the previous square-root 
491 row on the subsequent terms. 

492 Last Zl-term on row (I+ 1). 

493 S 681 = L 521 

494- If object M is imaged on photo NU, go to S 688 = L 499: 
497 if not, go to L 497. 

498 S 681 = L 521 

500 Transfer into Z-core the Z-array stored in disk for 
photo NU. 

502 MARK is the (first row minus 1) in Z for the image 
of object Mon photo NU. 

503 MORT is the last (3rd) row in Z for the image of object 
M on uhoto NU. 

505 S 689 = L 518. This loop computes the effect of the 
square root row of Zl on the Z(camera) rows for photo 
NU. 

509 Di vi des terms of Z (row MARK) by the square-root term'. 

510 If the object row is less than 3, procede with the 
next instruction; if it is equal to J, exit from the 
loop by going to S 686 = L 516. 

512- Effect of the square-root row on the Z rows after ~ow 
515 MARK. 

516 Transfer core Z for photo NU back onto disk. 



81 

520- Transfer core A(Zl) onto disk. Note that NA = 6*LINE 
521 from L 257. 

522 Arc locator for Z3 for first photo in the Block. 

523 S 704 = L 584 

524 Number of photos on line with NU in A(Z3) array. 

525 Number of columns of A required to hold uncompressed z3. 

526 Number of words in uncompressed Z3 for photo NU. 

527 Arc locator for Z of photo NU. 

528 Last CAM column containing an object imaged on photo NU. 

529 Total number of rows in Z-array for photo NU. 

531- Clear A-array for storing uncompressed z3 data of photo 
533 NU. 

534- Transfer disk Z3 for photo NU into core A (uncompressed). 
535 

536- Transfer disk Z for photo NU into core Z. 
537 

538- Pairs of coefficients (six in all) of camera parameters 
541 in the Z-sector for an object on photo NU are multiplied 

and their products are subtracted from the appropriate 
terms in the Z3-sector. In the process each coefficient 
is used in turn as a (constant) multiplier of each of 
the ~emaining (variable) coefficients (including itself) 
in each row. 

542 ITEST is the first CAM column containing an object 
falling on photo NU. 

543 Have all the objects that appear on photo NU been 
processed? If so, go to S713 = L 585; if not, proceed 
to the next instruction. 

544 LAST is defined as the third row for an object in the 
Z-array for photo NU. 

545 MARK is similarly defined as the first row. 

546 NCON is defined as the number of photo after NU. 



547 

548-
550 

552 

553 

554-
559 

560 

562 

563-
567 

568-
570 

571 

572 

57 3-
580 

581 

582-
583 

584 

586 

82 

Have the photos in the block been tested whether they 
include an image of this object. If so, proceed t o the 
next step; if not, go to S 711 = 1 566. 

J is the location of ITEST in the order list. 

N is the dZ 0 -row in G(Z2) for photo NU. 

K is the dw-row in G(Z2) for photo NU. 

Similar to 538-541 above, this is for the photo NU 
products of the camera coefficients times the constant 
terms stored in Z2, and the results are stored in 
G ( 1 to 4500) • 

Defines the next column of CAM that contains the next 
object that appears on photo NU. 

Go to S 712 = 1 546 to process the object in column 
I TEST 

Does object ITEST on photo NU also appear on photo 
NCON? If so, proceed to next step. If not, go to 
S 710 = 1 546 to test next photo (NCON+l). 

Transfer disk Z-array for photo NCON into core Y-array. 

JULY is defined as the last column in the uncompressed 
A(Z3) for photo NU where-the object also appears on photo 
NCON. 

JUNE is similarly defined as the first column in the 
uncompressed A(Z3) data for photo NU where the object 
also appears on photo NCON. 

Similar to lines 538-541, pairs of coefficients for 
the object on photo NU are multiplied by the coefficients 
for photo NCON, and the product subtracted from the 
appropriate Z3-term. 

Go to S 710 = 546 to test for appearance on photo 
(NCON + 1) 

Transfer to disk the entire uncompressed A(Z3) data 
for photo NU. 

Arc locator for Z3 data for photo (NU+ 1). 

N is defined as the number of columns of Z3 for the 
first photo in the block. 
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587- Transfer G(l) through G(N) to disk. Note that N does 
588 not exceed 1200. 

589- Transfer 37 columns of CAM-array to disk. 
590 

591 Beginning disk arc for Z3 rows of photo 1. 

592 Processing Z3 rows for photo NU. s 723 = L 

595 JULY is defined as the number of columns in 
photo NU. 

596 NA is defined as the number of words in the 
photo NU. 

668 

Z3 for 

23 row for 

597- Transfer from disk the Z3 rows for photo NU into the 
598 A-array. 

599 Reset the disk arc KZ3 for later use. 

601 Extract the square root of the leading term of row I. 

602- Multiply all non-zero terms of row I by the reciprocal 
603 of the square root. 

604 K is defined as the number of the constant term (Z2) 
of row I for the photo NU. 

605 The constant term times the ·reciprocal of the square 
root term. 

606 S 728 = L 613 

607 IPl is defined as the first row following the square
root row I. 

608- Effect of the square-root row I on the rows that follow 
612 for Z3 and constant terms on photo NU. 

614 Transfer Z3 of NU back onto disk. 

615 S 829: transfer Z3 of photo NU to CAM-array to include 
the effect of photos after NU. S 723 = L 668: NU is 
the last photo in the block. S 729 is never exercised. 

616- Transfer Z3 for photo NU into CAM array. 
625 

626 For photos after NU. 
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627 Have all the p hotos in t he b lock been checked for 
overlap onto photo NU? If so, go to S 830 ~ L 638; 
if not, proceed to the next instruction. 

628 N is defined as the last column in 23 for NCON in 
the A-array. 

629 M is similarly defined as the first column. 

630- Is the 6 by 6 square for photo NCON all zero? 
633 If so continue to next step; if not go to S 818 = 

L 636. 

634 The 6 by 6 square for photo NCON is all zero; 
therefore set zero in CAM column 37. 

635 Go to S 724 = L 626 to test (NCON+l). 

636 The 6 by 6 square for photo NCON is not all zero; 
whence set 1 in CAM column 'J7. 

637 Same as S 635 above. 

638 Set zero for NU in CAM column 37. 

639 NCON is defined as the number of the photo being 
processed if it overlaps photo NU. S 832 = 
L 667. 

640 Does photo NU overlap NCON? If so, proceed; 
if not 1 exit to S 835 = L 667. Note that if 
NCON =NU, also exit to L667. 

641 Set disk arc for NCON. 

642 NA is defined as the number of words on a row 
of Z3 for NCON. 

643 J is defined as the beginning column in A-array 
for Z 3 data of photo NCON 1 for use in recognizing 
the stairstep arrangement of the data. 

644 Transfer from disk to core A the Z3 data for photo 
NCON 

645 Reset disk arc KZ for NCON for later use. 

646- Transfer row I of the Z3 data for photo NU from 
657 CAM to G(l to JULY). 

647 S 808 = L 665 
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658- Similar to L 538, the products of all pairs of 
664 coefficients in Z3 are subtracted from the 

appropriate terms below for the coefficients 
of the camera parameters for photos NU and NCON, 
as well as the constant terms (Z2) in this sector. 

658 L is defined as the row of the Z3 data for photo 
NCON now being processed. 

659 M is defined as number for dw through dZ0 for the 
Z2 constant term for NCON = 2, etc. 

666 Transfer the Z3 data for photo NCON back to disk. 

667 KZ is the beginning disk arc for Z3 for photo 
(NCON+ 1) . 

668 KZ3 is the beginning disk arc for Z3 for photo 
{NU+l). 

669- Return from disk the 37 columns of the CAM-array. 
670 

671 The Z3 and part of the Z2 sectors, solving for 
the six corrections to the camera parameters 
for each photograph through substitution back 
into the rows. 

672- Return from disk the data in the G{l-N) array. 
674 

675 Print the last two terms of the forward solution 
for visual inspection. If the denominator is 
relatively very small, the solution may be invalid 
due to (1) a dependent condition, (2) round-off, 
(3) or possibly some other cause. Also, the 
denominator should not change in the first two 
significant digits for successive solution or 
iteration, although changes in only the third to 
fifth digits has been experienced; a change in 
the first digit would indicate that the iterative 
solution might fail to converge. 

678 KZ is the beginning disk arc for Z3 data for photo 
(NU+l). 

679 Set disk arc to KZ for later use. 

680 If {NU=l) is the last photo in the Block, 
proceed; if not skip to S 733 = L 685. 
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695 These are the answers to the corrections for the 
adjustment. dw .•• dZ0 for photo NU. 

697 Continue solving back solution as for L 695; if 
completed, go to S 842 = L 702. 

698 NA is defined as the number of words in the Z3 
data for photo (NU+l). 

699 Transfer Z3 data for photo (NU+l) from disk to 
core A-array. 

700 JULY is defined as the last column in the A-array 
containing Z3-data for photo (NU+l). 

701 Similar to L 671, this is for the Z, Zl, and Z2 
sectors, solving for the three corrections dX, dY, 
dZ to the coordinates of each ground object through 
substitution back into the rows. 

702- Transfer Zl into the A-array from disk. 
704 

705 ITEST is defined as the last object in the Block 
because, in a back solution, the computation 
procedes from the "bottom" toward the "top 11

, or 
from the "last" toward the "first". 

706 NROW is defined as the location in G(l to 4500) 
(Z2) of dZ for object ITEST. 

708 NCON is defined as the photo number to be tested 
for the presence of object no. ITEST. 

709- Does object ITEST appear on photo NCON? If so, 
713 using the value of k, go to S 788 = L 714; if 

not, go to S 743 = L 728. 

714- Transfer from disk the Z-data for photo NCON into 
716 core Z-array. 

717 I is defined as the last row for object ITEST in 
Z-array for photo NCON. 

718 MORT is defined as the location of dZ
0 

••• dw for 
photo NCON in G(4501 to 5700) (Z2). 

720- In the process of substitution, products of 
726 coefficient times previ ou s ly computed correction 

are subtracted from the cons t ant terms for dZ, 
dY, dX for photo NCON located in G(l to 4500), 
which is Z2. 
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727 NROW is defined as the location number in 
G(l-4500) (which is 22 data) of dZ for object 
I TEST. 

729- The dX, dY, d2 corrections {answers) for 
732 object ITEST. 

733 ITEST is modified to indicate the next object 
to be processed. The computation begins at the 
end, proceding toward the first object of the 
Block. 

734 If the object is the last one to be processed, 
proceed; if not, continue the process by 
returning to S 742 = L 706. 

736 SCALE is the scaling factor used on L 337. 

737- Transfer from disc the order list into Core A. 
738 Note that still NA = 6*LINE. 

739 M is defined as the order of an object. S 744 = 
L 750. 

741 JULY is defined as the location of the d2-correction 
for thA object M in the G{l-4500) array which 
car· ~ins the 22 data. 

742 Similarly, JUNE is defined as the location of the 
dX-correction for object M. 

744 The effect of the scaling factor introduced on 
L 337 is removed here. 

747 If an XY-weight is present, the correction is not 
applied to the input coordinates, whence continue 
to the next object; if no weight is present, go 
to S 795 = L 749. 

748 If a 2-weight is present, the correction is not 
applied, whence continue; if no weight is present, 
proceed with the next instruction. 

749 The corrections are added to the X, Y, Z input 
coordinates of the object. 

751 K is defined as the photo to which the six 
corrections dX0 , dY0 , d20 , dw, dm, d~ are to be 
added. S 745 = L 7o4 

753 JUNE is defined as the location of dX0 for photo 
K in the G{4500-5700) array which contains 22-data. 
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754 .nJLY is similarly defined as the location of 
dZ

0
• 

756 

758 

759 

760 

761-
762 

763-
764 

767-
776 

Removal of the effect of the scaling factor 
introduced on L 337. 

The dX0 , dY0 , dZ0 corrections are added to the 
resected coordinates of the camera station. 

Transfer of angular corrections from G to C
arrays. It is considered that dw = sin dw, 
dm = sin dw, d~ = sin dK 

Determination of the cosines (all plus) 
corresponding to the sines in the previous 
step. 

The sines and cosines of the three angles 
from the resection each corrected through use 
of standard trigonometric formulas for the 
sine (cosine) of the sum of two angles. 

The corrected sines and cosines of the three 
angles are stored in the CAM array. 

The maximum absolute correction encour:ered 
during this iteration for any orientation 
angle is stored in G(L). 

770 S 753 = L 773 

776 S 753 = L 770 

778 

779 

782 

783-
784 

Print the maximum orientation correction 
encountered during this iteration. 

If the maximum exceeds lo-5, go to S 747 = 
L 781 to begin new iteration; if not, go 
to S 746 = 787 to terminate the computation. 

MAX is the specified maximum number of iterations 
allowed by the input L 031. If the number of 
iterations is less than MAX, proceed to next step 
to begin a new iteration; if more than MAX, go to 
S 746 = L 787 to terminate the computation. 

Transfer from disk to core B the refined coordinates 
for the next photo. The disk arcs advance automatically 
for each photo: 0, 2, 4, 6 ..• 398. 
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785 S 764 = L 061 

787 Column headings. S 534 = L 820 

788- Object No., x, Y, z. s 5~ = L 827 
~9 

793 M is an object number S 721 = L 799 

794- Testing for the presence of control weights. 
795 If a weight is present, proceed to S 703 = 

L 796. If no XY-weight, test for Z-weight, 
if no Z-weight proceed to S 721 = L 799. 

796 JULY is the location of dZ for object M in 
G{l-4500) which is Z2 data. 

797 Similarly, JUNE is the location of dX. 

798 Print dX, dY, dZ. 

801 Photo (plate) residuals. S 536 = L 823 

804 

805 

842 

843 

844 

849 

2 
Storage address for accumulated Lvx • 

Similarly for LV~. 
Heading title. S 547 = L 994 

Total number of objects processed. 

If NEIL is 1, the computation proceeds with 
the least squares solution; if NEIL is 2, only 
the residual discrepancies are computed (the 
two use some of the same formulation). 

MARK is the count number of image rays whose 
residual(s) exceed RESID input on L 031. 

If IGO = 1, the term A B is set equal to 1 because 
sufficient data are no~ yet available to compute 
its value; if IGO= 2, A

3
B is computed. 

Go to S 879 if a single focal length prevails; 
if not, go to S:878. 

Input image number, refined x, and y image 
coordinates, and focal length. 
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853 

854 

856 

857 

859 

860 

861 

862 

863 

864-
865 

868-
871 

869 
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Input the same, except for focal length. 

J is the photo number in fixed-point 
notation. 

This is number of the photo in floating point 
notation, 853 and 855 accomplishing a desired 
truncation of an image number. 

Tn.e number of the object in floating point. 

Test to determine whether this is proper object. 
If this is the same object, read in the next 
image: S 881 = L 848. If this is a different 
object, proceed to compute (S 882 = L 860). 
Each object is computed through the use of 
several imag~s one on each of several photos. 
The object number remains constant until all 
images are processed. 

Read in the next image. 

The row in CAM containing the x, y-input for an 
image associated with a~ object. 

The first row of the last image associated with 
the object now being computed. 

Similarly, the last row. 

S 883 = L 906 

Finding the value of J that locates in the CAM
array the photo that has image on row I. 

Transfer of data from CAM-array to C-array. 

870 sin w, sin m, sin K 

871 COS W, COS l"!) 1 COS K 

873-
882 

Computation of the nine elements of the 
orientation matrix for the photo in the same 
manner (but abbreviated for the Intersection 
routine) as on line L 13lff 



876 a 31 

877 9 12 

878 a22 

879 a 32 

880 a13 

881 a23 

882 a 
33 

883 If 
to 
go 
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the intersection solution is needed, 
next step; if only the residuals 
to S 895 = L 894. 

are 
proceed 
needed, 

886 L = 15--X-coefficient; L = 16--Y; L = 17--2. 

887- Formation of the p-coefficients of the linear 
888 terms as shown in the formulat~on. P15 = xa~l - za11,· · 

P27 = ya33 - ZB23· CAM(I,19) lS the focal l~ngth z. 

889- Formation of the coefficients for the observation 
892 equations for Intersection: X

0 
p 15 dX + Y

0 
Pl6 dY + 

Z0 Pl5 dZ, etc. 

8 9 3 To by-pass the forrna ti on Df. the image residuals 
at this time, go to S 937 = L? if IGO = 1, setting 
A3B = l; but proceed to the next step if IGO = 2, 
computing A

3
B. 

895 X-X0 , Y-Y0 , Z-Z 0 

898 A1B, A2B, A
3

B 

899 S 939 = L 904 

900- Dividing the coefficients by A
3

B. 
902 

903 Skipping computation of residuals. 

904- The residuals: vx = x - zA1 B/A3 B; vy = y - zA2 B/A 3 B. 
905 

906 
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907 Go to S 905 for the equation solution or to 
S 912 = L 947 for the residuals, analysis and 
recycle for next image. 

909 As all the observation equations are tabulated 
in a list, the normal equations are formed in 
one loop. 

931 The results of the solution: the least-squares 
values for X, Y, Z as determined by 2 or more 
image rays. 

945 S 904 = L 863 

947- CAM (I,20) contains the largest image residual. 
953 

954 If CAM (I,20) is larger than the input residual 
limitation from L03l, proceed to next statement 
for the analysis of the excessive discrepancy, 
otherwise go to S 917 = L 973 to output the 
solution. 

956- An even-odd test. If the difference is zero, the 
957 number is even, the excessive residual is Vy and 

proceed to S 921; if the difference is plus, the 
number is odd, the excessive residual is vx, and 
go to S 921. 

958 I is defined as the nine-digit number is the row 
of the CAM-array that contains the image for the 
excessive residual. 

960 If the difference is zero, there is only one 
excessive residual; if plus, there are two. 
S 920 = L 971 

961 If the difference is plus, proceed to next step 
as more than two images remain. Otherwise skip 
to S 920 = L 971. (As a solution does not exist 
for fewer than two images , it is not permissible 
to discard one if only two are present.) 

962 Error message to notify that a given image is 
discarded. S 549 = L 997 

963 If the last image is OK, proceed; if excessive, 
go to 967. 
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964- Replace the image having the excessive residual 
966 with the last image. 

967 This directs the procedure to the least-squares 
intersection solution (rather than the determination 
of residual discrepancies). 

971 Print error message about second had image. 

974- Print Object Number X, Y, z. S 546 = L 993. 
975 

978 

979 

982 

983-
987 

992 

Print Image Number vx, Vy• 

If zero (blank card at end of data}, proceed; if 
not, return from subroutine to the main program, 
out to L 436. 

Four blank lines for spacing the printout. 

Transfer data for first image of new object into 
CAM-array, rows 1 and 2. 

Go to S 929 = L 857 to process the next object. 

A binary disk subroutine (consisting of 66 cards}, 
called the input-output package, is added to the program. 
As this does not constitute photogrammetry, it is 
omitted because it has only to do with the utilization 
of the particular computer. 



eLOCK ADJ. KANSAS ~C-G NOV. 
+.C8820000E+OO 10 10 

1101 .56225859E+C5 
1102 .54498302E+05 
4101 .37433934E+OS 
5 10 l • 214 5 3 7'5 9E + 0 5 
8101 .lll68960E+05 

10101 -.326C9q45E+04 
14101 -.25768361E+05 

l 75101 
180 10 l 

l 801 
480 l 
68Cl 
8801 

12 80' l 
14'-801 
23801 
2680 l 
35801 
3600 l 
43801 
416801 

210 l 
910 l 

10 lO 2 
12101 
16101 
18 lO l 
l 910 l 
?.31()1 
2510 l 
3310 l 
3710 l 
39101. 
4010 l 
4110 l 
4210 l 
43101 

.13195963E+05 

.439l6631E+05 
• 5 70 28980•E +C5 
• 3 7 O l 50 3 9 E + G 5 
.23288S91E+05 
• 11 2' 5 90 5 5 E + O 5 

-. l6lC'6665E+05 
- • 2 4'20 732 OE +05 

.209l9070E+05 

.4343694 3E +05 

.369<;6425E+05 

.32222'25€E+05 
~ -.ll289233E+05 

- • 30 566684E +05 

.470l3707E+05 

.4t7845354E+04 
-.49920885E+04 
- • l6 l 27965E t05 
-.l7797602E+05 
-. ll 182311E+05 
-.93255056E+03 

• l 771495.ZE+05 
.34413791E+05 
• '4 b 7597'5 OE+ 05 
.244· 27165E+O~ 
.12852Z12E+O~ 
• S5938497E+04 
.24't68051E+04 

-.5152265lE+04 
-. ~~'918998E+05 

Appendix 4. Sample Input Data 

1966 
3 l 25 

.21429670E+05 

.1339495CE+05 
• 1 7 40 7 2 2 7E + 0 5 
• 1751l43·3E+05 
.19727741E+05 
.177C.)162E+05 
.1519Sl27E+05 

- • 4q29<;u 3 lE+ GS 
-.48 6100 l '<:;E+05 

.ll93023€E•05 

.190 6263CE+05 
• 2 0 7 3 9 2 2 6E + 0 5 
• 20 70010 lE+ 05 
• l909690eE+05 
• 20 7'5691 OE+05 
• 87388205E+04 
.14288335E+0'5 
.61292302E+04 

-.3239l293E+03 
.61836364E+04 
• 6 2 1 2 l 5 4 3 E + 04 

• 1123561.SE+OS 
.1.296641 EE+05 
.l0976532E+05 
• l62'20397E+05 
• 61 7 7 6 7 2 6E + 04· 
.6932Z333E+04 
• 7400586 7E+04 
.93932976E+04 
.692SS26'iE+04 

-.85060078E+03 
-.18'204981.E+04· 

• 2628 80 75E + 04 
• 3045981.0E+04 
• 431693 7lE•02 
• 2924964,'tE+O't 

- • 2694272 LE+ 04 

• 2091 71 30 ·E+03 
.23094ll3E+03 
.30807436E+03 
.4310t464E+03 
.47347432E+03 
.4803371BE+03 
.455253:HE+03 

.24Ql 0 294E+ 0 3 
• 128932 70E+03 
.204 0 5955E+0 3 
.37397010E+03 
.42255568E+03 
• 45064785E+03 
• 433C8636E+03 

· .4l~80~E+B:3 
.4485ll85E+03 
.3329330BE+03 
.3820 1646E+03 
.40290908E+l)3 
.4876796SE+03 
.40064760E+03 

.326~5089E+03 

.48299162E+03 

.49'540313E+03 
• 46 eq6808~•'0-' 
.4996652 2E+03 
• 50336568E+g3 
.4S546899E+ 3 
• 466 7'461 OE+03 
• 40 7 29-'105 E+03 
.31954788E+03 
.44604741E+03 
• /J a J'3 92''+ Sf •e' 
• 485422 73E+0'3 
.5J095958E•03 
.51850090E+03 
• 4·8 839785E+03 

3 3 2 -
3 3 
3 3 
3 3 
3 3 
3 '3 

2 
2 2 

Weight -ft 
factor / 
designations • 

l 

l 
l 

Approximate 
<3--- coordinates 

of objects 



182 331 
183310 
183·31 l 
183320 
18 3321 
183 330 
l 8 3 33 l 

099 
990 c;a 3 lO 
990~831 l 
99oc;a320 
99098321 
99-0~8-330 
990983:3>1 
99099310 
9"90~9311 
990<79 320 
99099321 
990 99330 
99099331 
~0-01310 
99001 3 11. 
9qoo1320 
99001321 
99001.330 
99001331 
990 29 320 
99029321 
99~-9'330 
99029331 
990 30320 
99030 lZl 
990 30 3.30 
990303..31 
q9031310 
9903 13 11 
99C32310 
9~'0 '"2 311 
9900 1101 

001 
1.0 99310 
1099311 
10~9320 
l0CJ9321 
1099330 
1-off'tt 
10Cl310 

.57786697E+05 -.45652195E+05 

.6itll3970E+05 -.524ll 78~E+05 

.64l85803E+05 -.52363894E+05 

.62639097E+05 -.39048707E+05 

.625QS353E+05 •· -.39060546E+-OS

.640625 40E+05 -.45412786E+05 

1
_ .63931998E+05 .. ~.45256804E+05 

.26072110E-05 -.10031076E-C5 

.2-6072110E-C5 .. -.1C~0310 76E-05 

.26072ll0E-v5 -.10')31076E-C5 

.Z6072110E-05 -.1C031076E-C5 

. -?6-e-7-211-oE-os - -.1eo11016e-ED 

.26072110E-05 -.10031076E-05 
-.38566617E-02 -.90284321E-Ol 

- •. 2"'755898'7E-03 . -.983436ZOE-Ol 
-.63197234E-03 .6368lS93E- Ol 
- • t>c;614·6 73E-03 • • 9050 7594E-Ol 

.3ll89287E-02 -.14l57134E-02 

.18131009E-02 -.37635762E-02 
• 7 l2-~3-l 6E-<>1 - • 9306 710-4t·f-{;l 
.66550919E-Ol -.96743240E-Ol 
.85681899E-Ol .82730900E-Ol 
• 8703-,:05'3E-O l • 904490 78E-Ol 
.85883611E-Ol -.10140917E-Ol 
.84634929E-Ol -.77218846E-02 
.367l6626E-Ol -.16787524E-Ol 
.38836l42E-Ol -.i8l43335E-Ol 
.~886s-5~9E-O-l •7l967035E~~t 
.41582500E-Ol .69652914E-Ol 

-.4C956012E-Ol -.14928699E- Ol 
-.4lt083?11E-Ol -.19"26094E-Ol 
-.40470l57E-Ol .6533414 0E- Ol 
-.~0542685£-01 .69JL4580E- Ol 
-.980l.40 52E-02 .Ql394982E-Ol 
-.9890617~ E-02 . 9" 789460E- Cl 

.72111972E-Ol .83S31697E-Ol 
- . n1 '49Jt!-01-- • ee~ lO 'o-eE-ot 
.94705763E-Ol -.66583118E-Ol 

- .14820422 E-0 l 
-.b9998941E-Ol 
-. 86904369E•Ol 
- • 8 7560685 E-0 l 
-.75577457E-Ol 
~u-re"~~~f-o 

.85034031E-03 

-:96l35748E-Ol 
- • 104000 C. lE-00 

.1150 3284E-Ol 

.84143787E-Ol 
-.60248293E-G2 
~1~l 1 T3"f•02 
- • 92 29 104 8E-Ol 

• 43314635E+02 
.S2788232E+OO 
• 8 2 2 l 90 70 E + 00 
. ,8\892615E+02 
• 8 56 5't M6 E-•6l 
• 25643245E+02 
• l 7614t906E•.02 

Coordinates 
~ of images 

l 

l 



Appendix ~. Sample Output Data 

BEGIN EXECUTION·--·---- --- -
BLOCK AO~~ KANSAS RC-9 NOV. 1966 

ORIENTATION PARAMETER CORRECTION LIMIT IS o.cooo1 

BLOCK CONTAINS 180 PHOTOGRAPHS AND 1126 OBJECTS 

CHECKPOINT TAKEN ON CKPTl--TIME INTERVAL 39.7 MI"'• 

CHECKPOINT TAKEN ON CKPT2--TIME INTfRVAL 47.7 MIN. 

CHECKPOINT TAKEN ON CKPTl--TI~E INTERVAL 39.4 MIN. 

PPOGRAM PASS l LAST PLATE OZO IS -.74816469E-04 DIVIDED BY .8434~903E-nl ··-· ··-·-· - - -- ...... ...__, -·--·-·- ---- ...... --- .... - ~-... . --·-- -··--·- - - -- · -·-

PPOGRAM PASS 1 PRODUCES A MAXIMUM ORIENTATION CORRECTION OF -.7913565qE-~3 

OBJECT X GROUND 

9q310 .63lll022E+05 
·--· --993ff- ·-. 62a4q206.E+o"s 

9~320 .62308203E+05 
99321 -.62290592E+05 
9~330 .62327375E+05 
~c;3 3T _ __ • 624 25 879E +05 

Y GROUND 

.22823972E+05 
--- .23't03b26E-+05 

.10808779E+05 
• 103491 Z6E+05 
.166311 7lE+05 
• l678ql56E+05 

Z GROUND 

.10170l44E+03 
• lo 5 1t 12 3 4 E-+ 6 ~ 
. l6992674E+03 

--. l 730445 2E +03 - -
.12511892E+03 
• l2554748E+IJ3 

175311 .14243703E+05 -.52521388E+05 .21487126E+03 
175101 ~1319Sc;;63E+05---;-4929-qo31E+05 - .24772363E+03 . 
176310 .20408711E+05 -.52344751E+05 .l8912989E+03 
17~311 ---.20507411E+05 ~ .5234363lE+05 .1889123BE+".'13 
177310 .26499802E+05 -.527746g6E+05 .17280866E+03 

- - 1773rr·----·-;-~61u·41rn;~+o5"· - - .. -- -~ "5 2r'736~-oE+o5 ---- ~ rn e94 l '7E+o3 
178310 .32415071E+05 -.52483096f+05 .l52q4,47f+n~ 
1 1 8 3 11- ---• 32445101 E + 0 5 - .. ~ • 5 2 4 3 5 7 4 5 E + 0 5 -- - • 1 5 3 4 4 C' 8 2 F + ') 3 

Adjusted 
coordinates 

- of pass 
points • 



i803ll ·.45838350E+05 -.52733131E+05 .57817846E+02 
180101 -~ 43916631 E +05 · - • 486f001 ~E +OS- • 1 2aq~270E+ 03 
181310 .51530326E+05 -.52925487E+05 .45498253E+02 
rBT3 lr-- . 5166924 TE +05 - • 5"31f074l8E+05 • 45434 398E +'>2 
182310 .58123976E+05 -.52407773E+05 .44976710E+0 2 

·--- ... 1s z3rr - - · ~-e2 'J5~rs·t:+"'05 - -..;-. '5"2"I r4oas·E-+<'5 - -;-4e212905 E-+ 02 ·-··· ·· 
183310 .64ll4016E+05 -.524l4668E+05 -.68542828E+01 
183311- --.-64l8581t7E+Q5 - -~52366r52E+-(}5 - -.696T4f0l1£+01 

CONTROL -- -- OX -- ov - oz 
-·--·---- ·1 ml-- - --~ 116·a11~4rr~·or - ·- : 754Tb6 s-or-n1 ··- -.. - ·: 7570"71r5 e·e--cn 

1102 -.16784161E-Ol 
----- 4101-- .35830948E-Ol 

5101 .40026516E-Ol 
--- BlOI - • 8095933-SE-OI 

169101 -.22076432E-OO 
1r5101 - • 92ar5lt39E~o1 
154101 -.10933582E-OO 

·- -- ---1aoror-·- .. ~ 357a9079E-01 

IMAGE - - X PLATE RESTO 

99041931(1 
99099311 
99099320 
9909<;321 
99C99330 
99099331 
99001310 

-. 86569035F07 
• l 749l 427E- .Q6 
• 3755S820E-06 
.14l 82775E-05 

-::-. t640534lE-05 
• 311 32291 E-05 
.94010519E-C7 

.15668366E-Ol -.l6486909E+Ol 
- -.ll69B82LE-Ol - .35085434E-Ol 

-.26776214E-Ol -.23138456~-0l 
.38107523E-Ol .10416148E-Ol 

.69029222E-02 
-.67316185E.;;-oi, 
- • 3 77C8182E-O l 

- --.-010903 73c-O Z-

Y PLATE- RESID 

- • 22 74442 9E-05"' 
.450022.l 7E-05 
.22595100E-06 
.19551884E-05 

-.34281343E-05 
-.622666l 7E-05 
·-.24639551E-04 

• '3060l414E+t')l 
-.13793n8E+Ol 

.111)61538E-l)O 
-. 2077865(1E-o~-

Lack-of-fit 
to ground 
control data. 

Residual 
errors of 
image 
coordinates 



18314Q311 .55QQ1853F-05 . 73575736E-06 
18315 0120 -. 39896075E-05 .12782184E-r.l5 
183150321 -.4370<H70E-05 -.23489617E-05 
18315(310 .21285969E-05 .1i9i.7693E-O~ 
18H5CB1 .27854210f-05 .7?452248E-06 

~MS AES I DUAL FOR ENT JR F BLOCt< = .81051~94E-05 

PLATE OMEGA PHI KAPPA 
99 .69643540E-02 .49102434E-02 • 4 79 2 811 t'lt:-0 ( 
99 • 9999 7575f +00 .99998794E+OO -.q968507bt=+OO Sines and 

l -.3A821851E-02 .6l692667E-r'.12 • l345 74R lF-()0 cosines of 
l • 9999924f>E +00 • 9 9 9 9 8'0 9 1 E + 0 0 - • '>90 9r.l 34 4 F +'l" camera 
'l .55602136E-02 • 3lA5453 lE-C2 • 6l519391E-n1 angles z .99998454E+OO .9Q999493E+OO -.q9Rl058QF+t'r) 
~ -.32668502~-02 • 46894204E-02 .53255453~-02 
3 .<19999466E+OO .9999A900E+CO -.999985~21:+1)~ 

'° ai 

180 .93361212E-02 .23335165E-Ol .34A54492F-l')l 
180 .99995642E+OO .9q972770E+OO .9993924nf+no 
181 -.20551653f-02 .14579742E-Ol • 1' 61 04 6 5 E -1) f 
181 • c;999cn89E+OO .99QA9371E+OO • qq728707F+t)O 
182 -.17578314E-02 :l5464700E-Ol • A452qlq6E-~H 
182 .99999846f +OO .9998804lE+C'O .qq642l'l0E+OO 
183 -.49331499€-02 .21901553E-Ol .l438781"j2f-OO 
! 83 • 9Cf9 98 7 A3 E +00 .99q71412E+CH') • 9 8 Q 5 9 54 3 F +fl" 

PLATE XO YO 10 
99 • 62 56 8705 E +05 .l~480487E+05 .623545q51=+04 

Coordinates 1 .57ll6755E+05 .l6946241E+05 .627151)r.l41=+04 
2 • 50907132E +05 .l7677132f+05 • f> 3 2 2 9 2 4 3 E + n4 of camera 
3 .44533354E+05 • l 75l6069E+05 • 61769<H6E+l')4 stations 



173 
l 74 
175 
176 
111 
178 
179 
l8C 
181 
182 
183 

.l49l8249E+04 
• 7 9 2 4 4 5 5 8 E + iJ4 
• 142 58696E +05 
.2Cl5079l8E+')5 
.26776393E+05 
.32947274E+l')5 
.39l67950E+J5 
.1t5702742E+05 
.Sll65246E+05 
.579122J6E+05 
.64107522E+05 

-.45~25172E+C5 
-.45885689E+05 
-.45QOl 526E+05 
-. 45~42ae4r+os 
-.45932031E+<'5 
- . 46f'466l5E+05 
-.46l77786E+05 
- • 4~2 r9~59E +05 
-.4bl68033E+05 
- • 4 5 7~r~r;) E +015 
- .45 lfi9329E+05 

OBJECT POSITIONS COMPUTED BY fNTEASECTION -

0 B JEC T 

1101 

J"4 AfF 

99001101 
lOO 1101 
200 1101 

X GROUND 

.56226l'>OE+05 

X PLATE RFSIO 
-. 51109872~-06 

• l 5492526E-05 
-.7b273512E-06 

V GPOUNO 

.21429569E+05 

V PLATE RESID 
• 5 2 l 1l.X6 7 7 E- 0 5 

- • 2846633'<~E-05 
-. 2216n65E-O~ 

• '>4"74 7''>E+1'4 
• 641')1 ~2.qr;E+"4 
.63960n?t'IF+"4 
. 6370279-;E+f'.'4 
• '>34A022lE+(l4 
• 6 'H 5? 64,.E +f'l4 
• 6 297 3 l6 lE +'l4 
• 622386Q8F.+04 
.6l99QQ171:+14 
~1,1475)20~+1'4 
.bOA2696~E+l')4 

Z GRnUND 



---- OBJECT 

- aq ro1 • a-2-rr30·6sE +04 - - .-210396 04-E +o5 .43745552E+03 

.- --- IMAGl x - P[ATE R-E s [ D -- - y- p-C,fTE -RE s ·I 0 
89089101 -.73390236E-05 .42967062E-05 

--1-e-roem-r----._,6 564sr;r3-i:::·o5 - - - . locf51-3 21 E-05-
1oao09101 .45251999E-05 .24001~85E-05 

- · ino-ecno .16910-793-E-05 - .s·5·a495e-6E-06 
126089101 .32926297E-05 -.18229477~-05 

-------

--- ·-·------ ----- - --·-· -·--- ·--· 

-~---- ---· .. ..... - - . --

OBJECT X GROUND Y GROUND l GROUND 

51.0 l .27453879E+05 .17511368E+05 .43t')96654E+03 

IMAGE X PLATE RESlD Y PLATE ~ESID 
50 O 510 l • 7~f5-3-73 64E-(f7---:-f8-3Cf3-562-E-~1;5-·-- -· 
6005101 .10371170E-05 .75666761E-06 
2300-5101 ---~22772-984E-05 -.-4-3B5955lE-05 
24005101 .30853794E-05 .10765665E-05 
2s·oo-s 1oi---; 6-1-oise66E-01 - • 30 3 28965E-05 

----------- - --------- ·--- - -------- -- - - · ____ .. _ ··---·· ·-· - -------· 

TCTAL NUMBER OF . INTERS EC TEO OBJECTS lS 154 

....... 
0 
0 
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