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T echnical Bulletin Series 

This series of Technical Bulletins was inaugurated to present primarily to the personnel 
of t he Coas t and Geodet ic Survey and incidentally to others technical information related 
to the Bureau's scientific and technical activities. Since many of the bulletins de al with new 
practices and new techniques, the views expressed are t hose of the authors and do not 
necessarily represent final Bureau policy. 

Technical Bullet in No. 29 describes a documented p rogram for computing the aerotriangu
lation parameters of a s t rip of aerial photographs through an a n alysis of three photog r aphs 
simult aneously, advancing one phot ograph at a time. Corrections are included for lens 
distortion, film distortion, atmospheric refraction, and earth curvature (i f desired) . Blunders 
in the input data are detected and eliminated, and the rejection level i s controlled by the 
user. The data are analyzed without reference t o ground control which i s imposed during a 
subsequent p r ogram called strip adjus tment, a description of which was published as Tech
nical Bulletin No . 23 . The source program, written in Fortran IV language , includes complete 
test input and output data for an actual sequence of 17 photographs . 
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Three-Photo Aerotriangulation 
M. KELLER and G. C. TEWIN KEL 

U. S. Coast and Geodetic Survey 

ANALYTIC aerotriangulation is a precise com
putational technique for deriving ground coor
dinates of objects from the measured coordinates 
of t h e i r images which show on a set of overlapping 
aerial photographs . The solution is based on a 
relatively sparse distribution of control stations 
whose coordinates are known from previous clas
sical measurements on the ground. 

In a previously reported technique, 1 12 sep
arate computer programs were ut ilized on an 
IBM-650 computer . That solution was based on the 
analysis of two photographs at a time, afte r which 
the output was joined into a continuous s trip and 
then was adjusted to agree wit h ground control 
information. The same general procedure is ap
plied in this paper to three photographs instead 
of two, The act o f joining the separate tr iplets 
is incorporated into the general procedure and 
does not constitute a distinct operation. At 
present, only two computer programs are applied, 
the second one being a modified form 2 of the 
strip adjustment program which was reported 
ear lier . 

The fir st o f the two programs, called the 
three-photo analysis, includes the coordinate re
finement procedure J that corrects the observed 
image coordinates for all the systematic errors 
and distortions of which we a re aware. 

The older two-photo technique has been re 
written and documented 4 5 in the form of four 
programs for the IBM- 1620, a computer having 
40K core memory. 

The sample input and output, shown in appen
dixes l and 3, are considerably more extensive 
than might be necessary for simply documenting 
the solution. The voluminous data are included 
nevertheless because they comprise a record of 
actual data which are made available f or anyone 

1 Analytic aerotriangulation by W. D. Harris, G. C. 
Tewinkel, and C. A. Whitten, Coast and Geodetic Survey 
Technical Bulletin No. £1, corrected July 1963. 

2 Aerotriangulation strip adjus tment by M. Keller and 
G. C. Tewinkel, Coast and Geodetic Survey Technical Bul
l etin No . Z3, August 1964. 

J Aerotriangulation: Image coordinate refinement by M. 
Keller and G. C. Tewinkel, Coast and Geodetic Survey Tech
nical Bulletin No. Z5, March 1965. 

4Aerotriangulation strip adjustment using Fortran and 
the IBM- 1620 computer by C. T. Horsfall, Federal Survey De
partment, Lagos, Nigeria. (Published by the U.S. Coast and 
Geodetic Survey, March 1965.) 

'Electronic computer programs for analytical aerial tri
angulation by C. T. Horsfall, Federal Survey Department, 
Lagos, Nigeria. (Published by the U.S . Coast and Geodetic 
Survey, June 1965,) 
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who might wish to test this or any other procedure . 
The data pertain to a 17 - photograph test flight, 
over portions o f U.S. Route 11 in the Shenandoah 
Valley of Virginia, at 20, 000 feet with an RC- 8 
film camera , The same material was cited in 
Technical Bulletins Nos . 21 and 23. 6 7 Because 
the photographs were taken with 80 percent over 
lap, only alternate photographs are used in this 
pre s entation . 

INTRODUCTION 
8 

The analysis of at least three photographs at 
a time is considered necessary if aerotriangu
lation computation is to func t ion as a single 
uninterrupted program. The reason for this is that 
the two-photo solution contains an insufficient 
geometric basis for rigorously judging whether an 
int olerable error or blunder exists in an observa 
t ion of the abscissa of an image; the error merely 
gives rise to a corresponding elevational quantity 
without a reliable clue as to whether an observa
tion is erroneous . On the o ther hand, the three
photo analysis allows the detection and evaluation 
of this x-discrepancy so that the computer can 
be programed to reject t he observation. 

This "provisional" solution is divided inten
tionally into two separate computer problems: 
( 1) orientat ion, and (2) strip adjustment . However, 
these operations can be combined, if so desired. 
The reason for the division stems from t he ad
vantages of distingui shing between the internal 
photogrammetric precision and the accuracy in 
fitting the solution to ground control data . The 
two criteria are of very different character . 

The photogrammetric solution includes nu
merous redundant data points; for example, 72 
observation equations are formed for determining 
48 unknowns, from which the least squares and 
statistical concepts can be relied on to yield a 
logical solution. As a consequence, the programer 
can include in the output t hree pertinent reliability 
{or precision) factors for : (1) each object, (2) 
each model, and (3) the entire strip of photo
graphs. 

The ground control data, however , are quite 
different for economic reasons: Usually it is 
necessary to control a strip of photographs with 
as few points as possible; erroneous control 
data result commonly from human blunders in 
handling the data before they are entered into 

6Harris, Tewinkel, and Whitten, see foomote I. 
7Keller and Tewinkel, see footnote 2, 
Buse of triplets for analytical aerotriangulation by Edward 

M. Mikhail, Photo9rammetric Engineering, vol. 28, no. 4, 
p. 632, September 1962. 



the computer, and the magnitude and dis tribution 
of blunders do not conform very well to statistical 
correction in a computer for any given strip. 
Human judgment is needed to help in the analysis 
of any discrepancies. T o facilitate the applicat ion 
o f human judgment, this phase of computing is 
separated from the photogrammetric phase . 

The s trip solution is relatively short, requiring 
only 1 t o 5 percent of t he computer time needed 
for t he photogrammetric phase, and consequently, 
t his part of the solution can be repea t ed at small 
cost as often as necessary without repeating t he 
previous difficult phase . The strip solution is 
designed specially to assist one in detecting, 
correct ing, or eliminating blunders in the control 
data. This separate approach is considered to be 
practical, based on a distressingly large inci
dence of such blunders experienced during opera 
tions. As a consequence, t he "provisional" solu
t ion provides sound control data, free from 
blunders and in a convenient form for entry into 
a subsequent or final "block" t ype of adjustment, 
if such an adjustment is considered desirable. 

The three-photo solut ion also serves the aut hors 
as an educational link in the chain of development 
from the for mer t wo- photo solution to the event ual 
n - photo problem, because the solution introduces 
many added concept s that are necessary for the 
larger analysis. Among the examples: (I) Several 
different classes of observation equations are en
countered, each introducing a slightly different 
set of unknowns; (2) the normal equation matrix 
is compressed systematically so as to minimize 
t he size of the memory storage required; (3) the 
input data cards are sorted into a strict sequence 
before entry into the computer , and a computer 
t est for the proper sequence is included; (4) 
a system i s presented to t est for observational 
blunders , t o delete an image from the comput a 
t ion, but also to stop the comput ation if too many 
deletions are encountered; and (5) a numerical 
criterion for deletion is provided by t he photo
grammetrist as part of the input data so that the 
solution can be applied to situations requiring dif
ferent levels of precision. 

MATHEMATICAL BASIS 

The mat hematical basis was published in earlier 
Technical Bulletins,910 and t he pertinent formu
lations t hat are used in the computer program are 
s tated again in this division. The novelty of this 
treatise l ies in the manner in which the data are 
manipulated , rather than any new mathemati cal 
principles . The fundamental condition of col
linearit y on which the solution is based is that 
each object, its correct ed photographic image, 
and t he perspective cent er (lens point) of t he 
photograph must be on a common straight line in 
space so that the sum of t he squares o f the 
residual-image positional errors is a minimum. 

9Harrts, Tewlnkel, and Whitten, see foomote l. 
lOKeller and Tewlnkel, see foomote 2. 
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The collinear ity equations are: 

~ - ( ,\ - Xo)a, 1 + (Y - Y 0Ja12 + ( Z - Zo)a ,J 

z - ( X - Xo)a31 + ( Y - y o)a32 + ( Z - Zo)aJJ 

k'. : ( ,\ - X o)a2 t + ( Y - y O)a22 + (Z - z Ojall 

z (X - X
0
)a31 + ( Y - Y

0
)a32 +(Z - Z

0
)a

33 

but they may be expressed also as: 

:r [(X - .Y 
0

) sin <p + (Y - Y 
0

) (-sin c.> cos <p) 

+ (Z - Z
0

) cos c.> cos cp) 

- z [(X - X
0

) cos <p cos K 

+(Y - Y 0 ) (cos c.> sin K + sin c.> sin <p cos K) 

+ ( Z - Z
0

) (sin c.> sin !-. - cos w sin cp cos K)]= 0 

y[(,\ - .\
0

) sin <p + (Y - Y 
0

) (- sin c.> cos <p ) 

+ (Z - Z
0

) cos c.> cos cp) 

- z [ (,\ - .Y 
0

) (- cos <p sin K) 

+ ( Y - Y 
0

) (cos c.> cos K - sin w sin <p sin K) 

+ ( Z - Z 
0

) (sin c.> cos K + cos c.> sin <p sin K ) ] = 0 ( I ) 

in which X, y ar e the observed (corrected for lens 
distortion, etc.) coordinates o f an image on a 
phot ograph relative to the perspective cente r , z 
is t he focal length of t he camera, X, Y, Z are the 
ground coordinates o f the corresponding object 
in any right-handed Cart esian system, Xo, Yo, 
Zo are the coordinates of the camera station 
(perspective cente r or lens point ) in the same 
ground coor d inate system, and t he a 1 s are 
trigonometric-orientation fa c t ors defined in 
Equation 3 following . 

Equation I defines a projective transformation 
for converting the space coordinates of a set of 
objects into another set of space coordinates o f 
the corresponding phot ographic images . 

It has been found convenient t o exp ress Equa 
tion I in equivalent mat rix notation: 

[
,\ - x 01= 0 
y - y 0 

z - 7.0 

or , applying determinants: 

2 I = O. 
A; B (2) 

The \ - matrix comprises a three- dimensional 
rotation of the X -, y - , z- image coordinate syst em 
about the perspective center so that t he new co
o r dinate X* -, Y* -, z*-axes are paralle l , respec
tively, to the ground system X, Y, Z . The word 
"ground " is applied frequently in a relative sense 
in which the system is an arbitrary provisional 



system (model coordinates), utilized until suf
ficient data are available to establis h a factual 
ground system. The relation between the systems, 
X, y , 2 and X*, y*, 2*, is expressed by: 

['. '.] 

or expressed inversely as: 

[:] 

or explicitly as: 

= 

A = [:: : 
al, 

cos cp cos K cos w sin K 

-cos cp sin K 

sin q; 

+sin w sin cp cos K 

cos w cos K 
-sin w sin cp sin K 

-sin w cos cp 

s in w sin K 
-cos w sin cp cos K 

sin w cos K 
+cos w sin cp sin K 

cos w cos cp 

or in matrix notation as: 

x = Ax• 

x• = A - 1 x = A Tx . (3) 

Here the angles w, cp, K represent sequential 
rotations of t he X*- , Y* -, 2*- axes, respectively, 
as d efined specifically in Technical Bulletin 
No . 21. l.l. 

Equation l is enforced by ( 1) regarding x and 
y as observations , 2 as a constant, and all of 
t h e other parameters init ially as unknowns ; (2) 
deriving logical approximat e values for the un
knowns ; and (3) computing and recomputing cor 
rections to t he unknowns until the magnitude of 
the corrections are insignificant through the 
application of a set of o bservation equations de
rived from Equation l through partial differen
tiation. The correct ion equations are: 

v Jr = [ p I I + (p I 2 + s 1 T 2) ~ w + (p 13 + s I T J) 6 cp 

+ (p I. + s I T . J 6 K 

-p , s 6 Xo-P16 6 Y
0

-(p 17 -S1 T 7) 6 Z
0 

+ P 1 s 6 x + P, . t:. r + (p , 1 - s, r ,J ti z J / Al· n 

vr = [p2 1 +(P22+ 8 2 r2; 6 w+ (P2l + s2 T l) l:l cp 
+ (p 24 + S 2 1 • J tiK 

- P 2 s 6 X o - P 2 • ti yo - (p 2 1 - S 2 T 1) ti z o 

(4) 
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Expressions for evaluating the P-ter ms are 
given in table l. The other terms are: 

I 

X-X 1 1 z-z I 
Tl = ( a A ,Tfocp ) C (o A / Jocp) C 

T = 7 

c = 

s , = 

s2 = 

A/C (=z*; 

[:j 
(1/u 2) (P , s uJ + P , . 

(1/u 2) (p 25 u3 
+ P25 

u. +P ,,) 

u
4 

+ p
27

) 

u = y*';z" • 

(5) 

Ta ble I .-The coe ffi c i ent s for the observa tion Equation 4 . 

P, I = IA: B A :~ll 1 P21 = IA: ll A:BI 
p 12 = 10:, oAzJ I 

y 

0:3 I P22 = oA2 -B - R - B - R ow ow ow ow 

x z y 2 

P1 J = oA
1 ~fl 

7'23 = oA2 oAl R 
- 0 - R 
a cp ocp ocp ocp 

x z 

1 0~ 2 0: l Bl 
p •• = oA

1 
oA3 Pi. = 

~ B oK O - B oK oK 

p I S = la: 1 a: . I P2s = la: , a: 1 I 
p 1 6 = la:2 a: .I P20 = I 0 :2 a:21 

p 1 7 = I a~J a:J 7'27 = I y a,J a:J 
llHarris, Tewinkel, and Whitten, see foomore I. 



All of t he terms in Equation 4 are never used 
at t he same time. For example, the S- and T-terms 
are used only in the initial pair of the first 
triplet; tlX 0 , t:,Y0 , r::,z0_ do n ot apply t o s o me classes 
of images and tlX , tlY , t:,Z do not apply to others . 

T he corre sponding equation s of Technic al Bul
letin No. 21 12 were modified in order t o make 
t hem applicable t o the three- photo solution. One 
of the principal modifi cations of t hese equations 
is that each photograph (except t he initial one of 
the strip) is considered t o be tilted a specified 
amount in the t h ree- photo system, whereas in t he 
two - photo system, t he initial photograph of each 
stereo pair is considered always t o be untilted. 
Consequently , x *' and x *" r epr esent " rectified " 
image coordi nates on t he lef t and right of two 
overlapping photographs , respectively. 

Another modifi cation of the aforementioned 
equations has to do with the photograph base . In 
the two - p hoto system, the base length is assigned 
a r bi t r a r i 1 y the value I with a consequent 
simplific a t ion in formulation, but in the three
photo syst em, each base di s tance differs nu
merically. Acco rdingly, the "intersection" for
mulas now have a general fo rm as indicat ed by 
the expression for the u' s in Equation 5. 

The firs t approximation for t he coordinates of 
an object can be determined by computing the 
point of intersection of two directed lines in 
space, as related t o the camera parameters of 
the two photographs on which the images appear . 
The formulas denoting the coordinates of t he 
point o f inter section are: 

Z = u/u 2 

x - .\'
0

' t u/Z-2
0
') 

Y = Y 
0

' + u/Z-Z
0
') . 

THE SCHE ME OF THE SYSTEM 

(6) 

The scheme and logic of t he three-photo 
solution i s described by means o f a series of 
explanations . Figure is a generalized flow 
chart. 

I . The refinement corrections are applied to 
t he coordinate s from each new photograph, one at 
a time, as the dat a are input for each new sep
arat e tr iplet. 

2. The first three photographs of a s t rip are 
treat ed as an initial unit , somewhat differently 
fr om a ll the o t h e r triplets. 

Firs t Triplet 

3. The first photograph of the s tr ip is con
sidered to be "untilted" (W = cp = K = 0). 

4 . The first camera s tat ion is considered t o 
have the coordinate X

0 
= Y

0 
= Z

0 
=O . 

5 . The X o2- coordinate of t he second camera 
station of the first triplet (only) is fixed so 
that it i s equal to the X- coordinat e on the firs t 
photograph of a pass point which is near the 
center of the second photograph. This deter-

l 2lbld. 
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Comparator 
Observati ons 

OUTPUT "model 11 

Coordina tes or 
1 completed" 

OBJECTS, 
Residuals, 

and 
Oiagnos tics 

I Card Sor t I 

Modify 
Paraceters 

Go To 
Next 
Triple t 

(Tech . !lull . 
110. 23) 

FIG. 1.--A generalized flow chan showing the sequence of 
the computational procedure for the three-photo solution. 

mines the "model " scale of t he strip coordinate 
system, and makes the scale nominally equal to 
the scale of the photography. 

6. The fi rs t approximation for the oth er pa 
rameters of the second and t hird phot ographs of 
the firs t triplet ar e: 

w2 = cp2 = K 2 = y 02 = Z 02 = O 

w 3 = cp3 = K 3 = y OJ = z 03 = 0 . 

7 . The first approximation for t he XoJ- coor 
dinate of the third camera station is equal to 
that for the X or coor dinate , plus the x - coor 
dinate on t he s eco nd photograph of a pass 
point which is near the center of the third photo
graph. 

8 . The solution d et ermines the adjusted values 
for all the variable parameters , not only for t he 
camer a s t ations , but also for theX- , Y- , Z- model 
coordinates of all t he pass points, o t her points , 
and control point images (but geodetic control 
da ta are not admi nistered at this stage of the 
computat ion) . 
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I II III . . . 
I 

. • II • III 

FIG. 2.--Three overlapping phocographs, the pass point 
Image locat ions, and the ldentlflcatlon of the 14 categories 
(cases) of points . 

Subsequent Triplets 

9 . If the photograph numbers of the previous 
triplet are (n-1 ), n, (n+l ), the photograph num
ber for the next triplet would be n, (n ti) , 
(n+2) . 

10. The sol ution for the parameters w, q> , 
K, X0 , Y0 , z0 of the middle phot ograph n in the 
previous triplet is considered as final and is 
held fixed in the solut ion that follows . As a 
consequence, t he special cantilever program, 
used formerly, is not required. 

11. The model coordinates X , Y, Z of the 
six pass points across t he center (perpendicular 
to the line o f flight) of then-th photograph in the 
previous triplet are considered as final and are 
used somewha t like ground c ontrol points for 
adjus t ing t he next tr iplet . As a consequence, a 
single coordina te system is carried forward con
t inuous ly t hrou ghout t he entire length of t he strip. It 
is also noteworthy t hat all six points are used . 

12. The fir st approximat ions for the param
eters of photograph (n +I ) are the resultant values 
of the previous triplet. These will receive small 
additional modifications. 

13 . The first approximations for t he param
eters w , q> , K, y0 , z

0 
of the new t hird or (n+2) 

photogra ph are set equal to the corresponding 
parameters of t he (n +l) photograph. 

14, T h e fi rst approximation for the paramet e r 
X0 of the ( n +2) phot ograph is derived in the same 
manner as described in paragraph 6 . 

15 . After each triplet is computed, all final 
dat a concerning the firs t photograph are printed 
out in order to vacate memor y storage space for 
the next triplet solution. 

16 . The fir st approximations are determined 
once for every object through t he use of the 
inter section formulas of Equation 6 . 

17. The fir st approximations for t he six pa 
rameter s of the second photograph of a new 
triplet a re the fi nal value s that they had a t the 
end o f the previous triplet . 

18 . To form a new triplet , t he stored data 
for the second and third photograph s o f t he old 
triplet are "moved over" int o t he locations for 
t he first and second photographs; t hen t he new 

5 

data for the third photograph becom e input, and 
the new image coordinat es are refined. 

19. The first approximations for t he five 
camera parameters (the sixth is specified by 
paragraph 6) are taken as thos e of the preceding 
photograph rather than as z eros. 

It is pertinent to the application of the system 
that ( 1) t he input data a re sort ed into a very 
definit e sequence prior to the computa tion , and 
(2) t he applicat ion of ground control data com 
prise a completely separat e computation (st rip 
adjustment) . l.3 

T HE "CASE " CONCE PT 

As a consequence of t he foregoing scheme for 
t he three- photo syst em, it become s convenient, 
if not necessary, to es t ablish a " case" technique 
in order to recognize the different way s to 
manipulate t he coordinate data fr om the various 
pass point locat ions . Figure 2 depicts t he geo 
met ric sit uat ion. 

T he three photographs have t h e customary 
ove r lap of 60 percent, Two pass points are se
lected in each of three locations across the 
c enter of each p hotograp h so t hat the pass points 
are common to and a ppear eventually on all 
t riplets (three overlapping photographs ), except 
for the fi rst and last phot ograph of a s t rip. 
Thus, 7 groups of 6 points each a re conside r ed 
as constituting 14 cases , not all dis tinct. Several 
o f the cases diffe r for the initial and subsequent 
triplets . The cases are designated in t h e F ortran 
program through the use of an index number 
which is called IGO. 

A case refers to the presence or absence of 
certain terms in the pair o f observation Equation 
4, repeated in slightly different form as follows : 

(p
1 2 

+ S, T
2

) b.w + (p
1 3 

+ S , T
3

) t.q> + (p 14 + S , T4 ) 

- p I 5 6 ,\ 0 - p I 6 6 y 0 - ( p 17 - s I T 7) 6 z 0 

+ p I 5 II, x + p I ' 6 y + (p 11 - s I T ,J 6 z = - p I I 

(7) 

(P22 + s2 T2) t.w + (p23 + 52 T3 ) t.q> +(pH+ 52 T . J "IK 

-p25 t.AO-p26 t. Yo-(P21-s, T,J t. zo 

+ P
2 5 

t. X + p
2 6 

l'. Y + (p 21 -S2T 1) 6. Z = - p21 • 

It is understood that all the coeffi cient s are 
di vided by a common product A 3 U which is 
omitted intentionally in this discussion in the 
interest o f simplicit y , but is included in the 
p r ogram. It is noted also that the ST-terms 
occur in Case 3 . 

Each case is now to be discussed. The initial 
triplet embodies Cases I t hrough 7; subsequent 
tr iplets use Cases 8 t h r ough 14. The cases are 
summarized in t able 2. 

Initial Triplet 

Case 1. 
Case is a null c ase in which all the coef-

ficients a re zeros; c onsequently, nothing is con-

l 3Kelle r and Tewlnkel, see foomote 2. 



Table 2.-Categories of observatioo equations. 

Unknowns 
Inter-

Case IGO l:!.w, l:!.cp, .:.rc I l:!. x 1 1:!. .\', t. >. section 
l'; Y

0
,l:!.Z

0 
o !:!. Z routine 

INITIAL TRIPLET 

Photo I. 

l I -- I 0 I 0 I 0 I 0 
2 3 0 0 l l 

Photo II. 

3 

I 
l 

I 
1 

I 
0 

I 
0 

I 
l* 

4 2 1 0 I 0 
5 5 I 0 I 1 

Photo III. 
6 I t I 1 I 1 

I 
1 I 0 

7 I 1 I 0 

SUBSEQUENT TRIPLETS 

Photo I. 

8 I - - I 0 I 0 I 0 

I 
0 

9 3 0 0 1 0 

Photo II. 

10 

I 
1 

I 
1 

I 
1 

I 
0 

I 
0 

11 2 1 I 1 I 
12 5 1 I I 1 

Photo III. 

13 I 4 I 1 I 1 I 1 I 0 
14 6 1 l 1 0 

*In this single Instance, the inter section routine Is applied 
repeatedly on each Iteration; on all other occasions, It Is 
applied only on the first Iteration of a triplet. Also, Case 3 
Is the only case In which the ST-terms apply. 

tributed to the computation. The three angular 
and three linea r parameters of t he camera sta 
tion for Photo I are as signed the value z.ero and 
are not permitted to be adjusted ; therefor e , 
l:!.w , etc. are also z.eros . The object coordinates 
X . Y, Z are derived later during Case 3 . 

Case 2. 
Equation 7 is expressed in the following sim

plified form as: 

Pis 'J.A+p,6 ' Y +p,1 D.Z = -p11 

p 25 !:!..\ + p 2 6 !:!. y + p 2 7 l:!. Z = - p 2 I 

The images for Case 2 a r e on Phot o I which, as 
in Case 1, have assigned to it zeros for all six 

6 

of the camera parameters . But the object co
ordinates 'J. X , etc. are adjusted through the 
least- squares comput ation. The S T - te rms in 
· Z do not apply because those t erms are de 
signed for application whenever 'J. X, · Y, !':. Z 
are eliminated through substitution, instead of 
t he least- squares computation which is applied 
in th is c ase . In the fi r st ite r ation, approximate 
values for X, Y , Z are determined through the 
inte rsection routine . 

Case 3 . 
The form of the observation equat ion i s: 

(p ,2 + s, T z) l:!.W" + (p ,3 + s, T3 ) 'J.cp" + (p , . +s ,r.J 'J.K" 

- p,6 l:!. Yo"-(p,1-S,T1) l:!.Zo"=-p " 

(p22+S2 T2 ) l:!.w"+(p23+SzT3 ) l\cp"+(p2• +.S2 1• ) '\K" 

-p2 6 .'J. Yo" -(P21-S2T1) 1\, 7,o"=-pz , · 

As t hese images are on Photo II, the camera 
parameters are allowed to vary, except for .'J.Xo" 
which is the air base fixed arbitrarily at the 
observed dis tance on the diapositive . The adjust
ments X , l:!. Y , l:!. Z do not occur because they 
are eliminated through t h e use of the ST- incre 
ments. The object coordinates X, Y, Z are 
derived through the application of the intersection 
formulas of Equation 6 for each repet iti on of the 
least - squares solution. This is the only case 
where (1) the ST-terms apply, and (2) th e inter 
section formulas are used repeatedly. 

Case 4 . 
All the paramet ers except !:!. Xo" are p r esent in 

the observation equations as follows: 

P,2 1:!. W"+p,3 l:!.q>"+p ,. t!.K" 

-p ,6 6 Yo" -P11 !':.Zo' 

t p l S f:!..\ t p I 6 {). y _,. p I 7 {). 7, = - p l I 

P22 !':.w" +p23 2.cp· +pH t\K" 

-p26 6 Yo" -p21 '7.o 

"'"P25 l:!. X+ p26 6 Y+P21 "> Z =-p21 

The initial appr oximations for X , Y, Z, obtained 
previous l y during Case 2, are not repeated in 
thi s case . 

Case. 5 . 
The observat ion equations are exactly identical 

to thos e for Cas e 4 . The initial approximations of 
X, Y , Z are computed with intersection formulas 
only in the fir s t it erat ion of the t riplet s olution. 

Case 6. 
The observat ion equations contain all ni ne un

knowns, including !:!.X 0 • The camera parameters 
apply to Photo III instead of Photo II heretofore 
as : 

p I 2 l:!.W'" + p 13 t:.cp • + p •• l:!.K' • 

-p , s l:!. Xo"'-p ,6 l:!. Yo'"- P11 l:!. Zo'" 

_,. p 1 s (:; X t p 16 ", y t p 1 7 f'; Z = - p 1 I 



P22 f'i.W"' + P23 Ll<p" +P i. 6K , 

-p25 f'i. Xo"'- p2• f'i. Yo"'- P21 f'i. Zo"' 

+p25 f'i. X+p2, l.\. Y +p21 f'i. Z =-p2 1· 

Initial approximations of X , Y, Z are not com
puted in this case because they were computed 
previously in Case 2 . 

Case 7. 
Case 7 has the s.ame observation equations as 

Case 6 . The initial approximations for X, Y, Z 
were computed previously during Case 5. 

This is the last of the cases that pertains to 
the initial triplet. The cases that follow apply to 
all the subsequent triplets. 

Subsequent Triplets 

With the completion of the previous triplet, 
the data for Photo II are transferred into the 
memory area of Photo I, the matching data for 
Photo III are transferred into the former area of 
Photo II, and the corresponding data for a new 
photograph added to the strip are read into the 
prev~ous area of Photo III. 

Iac1dentally, no ST - terms are used in the sub
sequent triplets , and the intersection routine is 
employed only i n Case 12 . 

Case 8 . 
Case 8 , like Case 1, is the null case which 

requires no computer operation. The three angu
lar and three linear parameters of the camera 
for the new Photo I are assigned the final values 
which they had in the previous t riplet and are not 
allowed to change any more . Similarly, the X, 
Y, Z values o f all six objects are considered to 
be final and are not allowed any furt her changes; 
they serve to establish the linear scale and di
rection of the triplet . 

Case 9 . 
Case 9 is almost identical to Case 2 . As the 

images are on Photo I , which is "frozen, " the 
camera adjustments must be zeros and only the 
object coordinates are allowed to be adjusted 
further. 

Case 10. 
The object coordinates are fixed at the final 

values that they had in the previous triplet, and 
the six camera parameters (including the air base) 
for the new Photo II are allowed to change as 
indicated by the observation equations: 

P 12 f'i.w"+p ,3 f'i.<p"+ p ,, f'i.K" 

-p,5 f'i. Xo"- p,. f'i. Yo"- p11 f'i. Zo"=-p" 

P2 2 f'i.w" +P2J f'i.<p"+ p 24 f'i.K" 

-p,5 f'i. X o"-p, . f'i. Yo"-P21 D. Zo"= - P
21 

Case 11. 
The observation equations for Case 11 include 

the object coordinates as follows: 

7 

P12 f'i.W" + p IJ L1<p" + P, . 6K" 

- p,s b. Xo" -p ,. L'I Y0 '- p11 ~Zo" 

+p, 5 6 >.+ p,
6 

ll, Y +p
17 

6 Z= -p 11 

P22 f'i.W" + p,3 f'i.<p" +p2• l\K" 

-p25 f'i. Xo"-p2• 6 Yo"-P21 b.Zo" 

+pzs :'I X +p2• f'i. Y+ P21 :'IZ=-p,, 

The program includes t he intersection routine 
even t hough it is not a requirement. 

Case 12 . 
The observation equations for Case 12 are 

exactly the same as the preceding ones for Case 
11. The intersection routine is applied only during 
the first iteration of the triplet. This is t he only 
case for subsequent triplets in which the inter
section routine is applied. 

Case 13 . 
Case 13 is ident ical to Case 6 in every way, 

except t hat the initial approximations of X , Y, 
Z are not computed in t his case because they 
were computed previously. 

Case 14 . 
Finally , Case 14 is also identical to Case 6 . 

The program is based on a strict observance 
o f the system adopted for the selection and num
bering of pass points . If suitable images do not 
exist in their customary locations , the total 
number is , nevertheless , selected in other loca
tions, as long as th• : appear on all t hree photo
graphs . 

Photograph No . 19 

:;.: 1900004 

;-: 
. 

• 1918320 
• 1918321 

Hor. Control 
19181 01 

1918330 

1900008 
• 1918331 

0 1918401 

:·~ 1900005 1900001 Ji: 
• 1919320 1920320 
• 191 9321 1920321 

Pass Poi nts 

-·-' 
Ver t . Contr ol 
1919201 

• 1919330 1920330 • 

• 1919331 
1900006 

1920331 • 

+ x 

.>: 

Fli ght Di r ection >=-
" Other " Point 

-+-1920201 

. 1 9 1 8~1 0 • 1919310 192031 0 • . 191 31 1 • 1919311 1920311 

:· : 1900003 :· : 1900007 1900002 ;-~ 

Fiducial Mark 

FIG. 3. - - The system of numbering the images on a photograph. 



Not only i s a rigid system adopted for assign
ing identificat ion numbers t o the images, but also 
the coordinat es are observed wit h the comparator 
in a given sequence that includes fiducial marks, 
control points , and "ot her" point s in addition to the 
pass point s . A special card sorting oper a t ion 
also is applied in order to have the input cards 
in the prop er order for computation. The number
ing system and storage order help explain how 
the case and system are employed. Figure 3 
illust rates t he image- numbering system. A seven
digit i mage identification number is used, for 
example, 19 1833 1. The various digits have the 
following significance: 

Dig its 1 and 2. T he last t wo digits ( 19) are t hose 
o f t h e serial number of the photograph on 
whi ch t he coordinates are measured. 

Dig it s 3 a n d 4 . The last two digit s ( 18) are those 
of t he serial number o f t he photograph whose 
cente r is nearest the image. 

Digit 5 . The im age class digit (3) denotes: 
0 = fiducial mark, 
1 = horizontal control point, 
2 = vertical cont rol point, 
3 = orienta t ion pass point, 
4 = "other" point (not used in the orient ation 

adj u stm ent). 
Digit 6 . T he s ubclass digit (3) o f the orient a t i on 

pass point designating locat ion in the strip 
connot es that: 
I = y- c oo r dinat e is minimum, 
2 = y - coordinat e is maximum, 
3 = y - coordinat e indicat es center of strip. 

Di git 7. T he serial number digit (I) is that for a 
p o int within i t s class : As an example, for 
Class 3 , 330 is a pass point and 331 is it s 
companion pass point . 

A sample list of input data (app. I), reproduced 
on pages 16 t o 25 , illustrates the form and order 
of t he i mage coordinat e dat a. The three columns 
o f numbers are the image- identifi cat ion number, 
the x - coor dinate, and the y - coordinat e . (The 
decimal point fo r the coor dinat es is on t he ex
t r eme l eft , t he unit of measurement is met e r s , 
and t he values are given t o t enths o f microns 
de r ived b y ave raging several observations . ) 

The o rder of the image class is pert inent . 
(See also t he division on "Input Formats," p . 10 . ) 
The fiducial marks (Class 0) are listed fi rst, 
eit her 4 o r 8 of t hem may b e employed; exactly 
18 pas s point s (Class 3) a re given next; and the 
r e m ain der, up to 32 additional point s , are re
c orded later in a ny or d er (Classes I, 2, and 4) 
because t hos e addit ional point s are not used in 
t he o rientation adjustm ent although they are t rans 
fo r med later as a result o f t he adjus t ment . 

The fact t hat exactly 18 pass points are impli ed 
necessita te s the use o f dummy zero cards for 
t hose i m ages t hat are not observed because t he 
points a ppear on only 2 photographs-- t he firs t 
a n d last photographs o f a s tr ip. 

The i mage coordinat es are stored in a B-array, 
c ontaining 50 r ows a n d 9 c olumns , as specified 
by a Fort ran DIMENSION s t atement . Three col
umns are allocat ed to each of t he three photo-
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16 

FIG. 4. - - The compression of the matrix of normal equations. 

graphs in any triplet (the data are "moved over" 
before beginning the next triplet). 

The first 18 rows contain the pass point dat a . 
The 18 rows are composed of 3 sets of 6 rows 
each. The order of storage of these 18 i tems is 
pertinent and is indicated by the order of the pass 
point identification number shown in the sample 
list of input dat a . Note that nine sets of data for 
six points are evident--three are att r ibuted to 
each photograph. It is probably evident that t he 
first and ninth sets are not used in this triplet 
because these points appear only on one photograph 
of the triplet . T he remaining 7 set s are perti
nent: they constitute the basis for 14 cases in a 
strict sequence. 

It is also pertinent that , given an image in the 
13th row for t he firs t photograph, t he data for the 
corresponding image on the second pho tograph 
are stored in t he 7th row (13 minus 6) of the 
second group of three columns; in addition, the 
data for the corresponding image on the third 
photograph are stored in the 1st row (13 minus 
12) of t he third group of three columns . 

MA TRIX COMPRESSION 
The mat r ix o r t able for the normal equations 

and their solut ion is condensed in this section 
as an exercise in developing a gener al scheme 
which, although perhaps not necessar ily required 
for a three - photo solution, is considered 
mandatory for t he solution of the larger problems 
tha t are planned for t he near future. The subject 
also has been discussed recent ly by Mr . Ronald 
G . Davis. 1 4 

Figure 4 d e pi ct s t he matrix sit uation. On t he 
left side is shown the 4 9 - by- 48 word area that 
would be necessary to solve the problem in the 
conventional manner. However, t his program 
uses only a 16 - by- 48 word area, reducing the 
required storage space from 2, 352 t o 768 words, 
as shown on t he right side of the figure. This 
compression i s possible because o f (1) the pre
dominant section of uninter rupt ed zeros in the 

1 4Analytlcal adjus tment of large blocks by RonaldG. Davis, 
Photogran1metric Enqineering, vol. 32, no. I, pp. 87-97, 
J anuary 1966. 



system, and (2) the sequence and scheme selected 
for forming the observat ion e quations. Actually, 
the only difference bet ween t he p r ograms for the 
classical and compressed systems has to do with 
the modification of selected subscript numbers , 
denoting t he row and colum n in which cer tain 
terms are stor ed. 

The 48 unknowns consist of an adjustment to 
each of the 3 rectangular coordinates of the 
12 pass points that are free t o change, and an 
adjustment t o each of the 6 parameters in each 
of the 2 free p hotographs . 

Each image on every phot ograph gives rise to 
two observation equations (Equation 4). Once the 
coefficients for a pair of observation equations 
are com puted , their contr ibutio n s to the system 
of normal equations are accumulated into that s ys 
tem and then the observation equations are re
placed by the next pair . The basic scheme for the 
formation and solution of the normal equations 
wa s stated p r eviously. 15 

The 3 coor dinate changes , t:.X, t:. Y, t:. Z for 
each of the 12 objects , are selected as the pri
mary arguments for storing the elements of the 
normal equat ions; these coordi nate changes are 
placed in t he 3 6- by- 3 word area on the left side 
of the compressed system. 

The compressed matrix can be considered as 
being composed of four areas . Area I is the 
36- by- 3 word area previously mentioned. Area 2 
is the single column of 48 numbers on the right 
side, comprising the list of con stant terms . Area 
3 is the 36- by - I 2 word area that lies between 
Areas l and 2. Area 4 is the 12- by- l 2 word area 
at the bottom which also contains a 6- by- 6 word 
area, composed of zeros init ially but a l so filled 
with significant numbers subsequently as the 
forward solution is begun. 

Areas I , 2 , and 3 are subdivided into 12 sets 
of 3 rows each. Each set is associated with an 
object and its coordinate corrections t:.X, t:. Y, 
t'!. Z . Each of these sets is , in a sense, independent 
from the other 11 sets, and the forward solution 
of each set deposits values into Area 4 without 
reference t o the preceding or succeeding set . 
Moreover , in the back solution, each set is again 
independent from the others , depending only on 
the results stored in Area 4. It is possible to take 
advantage of this independence in large systems 
of the future t hrough the incorporation of "scratch " 
tape or disc memory to augment t he core storage, 
alt hough suc h is not necessary in this three
photo problem. 

A significant burden of the solution consists of 
the forward solution, contained in the I 2- by- 13 
matrix of Area 4, whi ch may be considered as 
a comparatively small problem rather than a 
large one. The 36- object unknowns ( t:.X, .'.)Y , l\Z) 
do not const itute a large computing burden 
because of their independence, as indicated by 
the zeros in the classical mat rix. Neither com
puter speed nor rounding errors become im
portant fac tors in this size-limited problem, 
partly because of the large computer being used. 
In this ins t ance, double precision is not needed 

15Keller and Tewinkel, p. 6, see foornoce 2. 
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because of the word length of the STRETCH 
computer. Moreover , t he coefficient s for t he ob
servation equations are recomput ed for each 
iteration of the adjustment, although this may not 
be necessary on the last iteration . 

As in the classical syst em, a ll t he "answers" 
are recorded finally in Area 2. 

DIMENSIONED ARRAYS 

The computation is facilitated b y t he utilization 
of six arrays established through t he use of a 
Fortran DIMENSION statement, five of which are 
illustrated by Figure 5 and are enumerated as 
follows: 

A. (50 by 16). The compressed normal equa 
tions . Parts of the area are used also for several 
of the following functions whenever the area is 
not being used for i ts primary purpose : (I) The 
formation and storage of the film - shrinkage ob
servation equations; (2) the format ion and solu
tion o f the film - shrinkage normal equations ; 
(3) the meaning of multiple- image coordinate 
obs er vat ions underneath the 12- by- l 2 diagonal 
word area; (4) the storage of the u-terms (Equa 
tion 5) ; (5) the S- and T - t erms (Equation 5); 

A 
50 x 16 

llor oal Equations 

c 
2 1 x 9 

Auxiliuy 
Coefficie nts 

B 
50 x 9 
Image 

Coordinat es 

E 
18 x 3 
Model 
Coor-

dinates 

R 
56 x 2 

Residuals 

FIG. 5.- -The five arrays of core scorage. 



(6) the allowable limit for residual parallax; 
(7) the photograph and strip constants; (8) the 
coefficien t s of two obser vation equations for t he 
triplet; and (9) the place for rearranging the 
coefficients of the observation equations to fit 
the case distinct ions prior to the normal equa
tion contribution. 

B. (SO by 9) . Identification numbers and co
ordinates for all classes of images in the three 
photographs . 

C. (21 by 9) . Auxiliary trigonometric data for 
the formation of the coefficients of observation 
equations in all three photographs . 

E. (18 by 3). T he 3 space-model coo r d inates 
o f the 18 pass point objects. 

R . (S6 by 2). Image-identification number and 
X- and Y-residual errors (parallaxes) . 

T. (lSI by I). Radial lens-disto rtion t able . 

INPUT FORMATS 

A sample set of input data is included in a p
pendix 1. This comprises a set of valid opera
tional material which results in t he output data 
shown in appendix 3 , through the application of the 
program given in appendix 2. 

T he input consists of standard 80 - column IBM 
punch cards . 

Eight READ statements are used and five 
FORMAT statements are specif ied in the input 
program. T hese statements are described in t he 
following list. 

I. 3SO R E AD SOO 
SOO FOR MAT (SSH ... ) 

(004)* 
(663) 

One Card: Job title, etc.; SS alphameric char
acters, beginning in t he first column. 

2. R E AD S08 (A(42, J) , J= I, 2) , 
A(41 , I) , A(4 1, S ) 

S08 FORMA T (2FI0 .7, Fl 0 .6, IX, II) 

One c ard of four strip constants: 

(006) 
(672) 

2.1 and 2.2- -The atmospheric refract ion fac 
t o rs. 

2.3- - T he parallax limit. A pass point image is 
deleted i f the residual exceeds this arbitrary 
lim it. 

2.4- -An indicator for block a djustment. If the 
block i s to follow, t h e refined- image coordinates 
are output; otherwise not. 

The camera - constants deck cons ists of for
mats 3, 4, and S, and includes l S or 19 cards , 
depending on whether 4 or 8 fiducial marks are 
used. 

3 . READ SOl , N, (A(42, J) , J = 3 , 6) 
501 FORMAT (lX, !3 , 4(2X, El2 .8)) 

One card, five words: 

(007) 
(664) 

*The numbers on the right side refer to the corresponding 
ser ial numbers in the Fortran program of appendix 2. 
These numbers are key punched In the source program deck 
after column 72 and, therefore, do not become a pan of the 
program. 
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3. I - - The number of fi ducial marks (four or 
eight). 

3.2, 3.3, and 3.4-- The constants for the asym 
metric lens -distortion compensation . 

3 .S--The calibrated focal length (in same unit s 
a s i m a ge coordinates ) of the aerial camera l ens. 
(Th e unit in the example is the meter.) 

4. READ S02 , (A(I + 30 , l ) , 
(A(I+ 30, J+ I) , J=N, NPI ), 
ITEST, I= I , N) 

S02 FORMAT (3X, 17, 2Fl0 .7, 49X, II) 
(011) 
(66S) 

Four or eight cards, as spe cifi ed in th e first 
word o f 'the previous card. 

4. 1- -The fiducial-mark identification num ber . 
4 . 2 and 4.3--The X - and y - coordinates of a 

fiducial mark. The values are ( l) based on meas 
urements made on glass p lates exposed di rectly 
i n t h e camera , (2) referred to the principal point 
as origin, (3) adjusted to include corrections for 
calibration constants of the comparator, and 
(4 ) stated in the example t o seven dec imals o f a 
meter . 

S. READ S03, (T(I), I= l, l S l) 
S03 FORMAT(ISFS.l) 

(01 2) 
(666) 

Eleven ca rds , containing the l S l symmetrical 
radial-distor t ion factors, are effective a t each 
I - millimeter radius. Each factor is stated to S 
digits in fixed-point mode, and l S factors are 
punched on each card, except t h e last card which 
contains only I number. 

6 . READ S02 , !PLATE 
S02 FORMAT (3X, 17 , 2FI0 .7 , 

49X, II) 

(021) 

(66S) 

One number, containing from one to seven 
digits , ident ifies t he photograph being processed. 

7. 204 READ S02, (A(I, J) , J = 12, 14), 
I TEST 

S02 FORMAT (3X, I7 , 2Fl0.7, 
49X, Il) 

(02S) 

(66S) 

Image coordinates , numerous cards , one card 
per image, and four word s : 

7. I - - The image- identificat ion num ber . 
7 . 2 and 7 .3-- T he x - and y - image coordinates. 

These coordinates are stated in terms of a meter 
to seven decimals . 

7 .4- - A number I in column 80 of a f1ducial 
mark card. This s ignifies t h e last card fo r that 
photograph. 

Input 7 is us ed t wice for each photograph. 
Firstly, the four or e ight fiducial- mark coordi
nates are input, and the various fa c tors (l ine 134 
in t his program and Equations l and 2 of Tech
nical Bulletin No . 2S) 16 for coordinate refinement 
are computed. Secondly, the coordinates of the 
photographic images (nonfiducial images) a re all 
read in--the 18 pass points firs t , then all the 
other classes of images in any order . 1n bot h 

16Keller and Tewinkel, p. 2, see foomote 3. 



series of cards, there may be from l to 10 cards 
for each image, and all the cards must be 
t ogether. 

The sample input dat a shown in appendix l has 
received some preliminary processing so that 
the input cards consist of the average value to 
tenths of microns of the several comparator 
observations. Ordinarily, the input has all zeros 
in the last column as shown in Technical Bulletin 
No. 25. 17 

8 . 352 READ 518, no , I80 
518 FORMAT (IlO, 69X, Il) 

(649) 
(684) 

One terminator card having: (1) A number l 
punched in column 80, or (2) no number punched 
at all (a blank card). The card with the number 1 
punched in column 80 must follow t he last image
coordinate card for each photograph. The blank 
card must follow the last input card of the last 
photograph for the strip. In this example, the 
message END OF STRIP INPUT DATA is punched 
between columns 11 and 79 so t hat the informa
tion appears in the list of the input data, but is 
not recognized as input to the computations . 

OUTPUT FORMATS 

A sample output is shown as appendix 3 . Each 
PRINT and PUNCH statement of the Fortran 
program (app. 2) is described briefly by the 
following Output statements in that order , re 
spectively. Reference numbers (on the right side) 
key the statements to the program. 

1. PRINT SOO 
500 FORMAT (SSH •.• ) 

(005) 
(663) 

The identifying name of the project or any other 
information is output in the same form in which 
it is input. 

2. 203 PRINT S04 
504 FORMAT (78H MEASURED 

FIDUCIAL MARK CARDS NOT 
IN SEQUENCE OR 2 BAD READ
INGS ON POINT- STOP) 

(028) 

(667) 

The error message is considered to be self
explanatory. The message is the result of a fail
ure t o satisfy a test. The input data must be in 
the proper order . Moreover, in a li st of multiple 
observations on the same mark, only one observa
tion deviates from the mean by more than 2S 
microns. 

3. 218 PR INT SOS, IPLATE, A (31, 12) 
50S FORMAT (38H DEV FROM 

MEAN OVER 25 MICRONS. 
PLATE fl, 7H POINT fl) 

(065) 

(669) 

Thi s error message identifies the erroneous 
data. 

4. 342 PRINT 514, R(I, 1 ), R(I, 2) (438) 

1 7l<eller and Tewlnlcel, p. 8, see foomote 3. 
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Sl4 FORMAT (/lSH XPARALLAX 
FOR I7, 4H IS El4.8, 18H AND 
EXCEEDS LIMIT) (679) 

This statement and t he next one indicate a 
failure to pass a test limit specified in the Input 
statement 006 . The image is identified as being 
deleted so that it will not be used later in map
ping. 

S. 339 PRINT S07, R(I, l ), R(I, 2) 
S07 FORMAT (/15H YPARALLAX 

FOR I7, 4H IS El4.8, 18H AND 
EXCEEDS LIMIT) 

(440) 

(671) 

The limit is specified by Input s t atement 006. 
Those images that appear on only two photo
graphs have valid y - parallax values but invalid 
%-parallax values. 

6, 185 PRINT S 11 
S 11 FORMAT (S2H TWO BAD 

RESIDUAL PARALLAXES IN 
SAME LOCATION. STOP) 

(447) 

(675) 

The test assures that the six conventional image 
locations are used always in the solution of every 
model o rientation. 

7 . 184 PRINTSl3 
513 FORMAT (S3H THREE BAD 

RESIDUAL PARALLAXES IN 
SAME TRIPLET. STOP) 

(449) 

(678) 

Substandard precision is considered to be evi
dent if 3 images (one-fourth of the total of 12) 
fail to pass t he input limit. 

8. 168 PRINT 512 
512 FORMAT (/71H •• • PASS PT ..• 

X .• . Y •• • Z .•• PRECISION/ ) 

(S68) 

(676) 

Thi s comprises the column headings for the 
list to follow. 

9. PRINT S09, FK, (E(I, J), 
J = l, 3), x 

S09 FORMAT (3X, I7, 4(2X, El4.8)) 
(S83) 
(673) 

The output for those pass points that occur on 
three photographs consisting of ( l) the image
identification number , (2) the X-model coordinate, 
(3) they- model coordinate, (4) thez - modelcoor
dinate, and (5) the vector sum of all the X- and 
y - parallaxes. Except for the image - identification 
number, all coordinates and t he vector sum are 
given in decimals of a met er in floating-point 
notation. The list is presented for the six new 
points for each model of the strip. (In the floating
point notation, for example, .10774661E-03 can 
be expressed as . 10774661 x lQ-3, or .000 10774661 
of a meter, or 107.74661 microns.) 

10. 179 PRINT 509, FK, (E(I, J), 
J = 1, 3), R(I, 2) 

S09 FORMAT (3X, I7, 4(2X, El4.8)) 
(587) 
(673) 



This output is nearly identical to the previous 
one, except that it per tains to those points in the 
first and last models that fall on only two photo
graphs, and t herefore, have only the y - parallaxes 
as residuals. 

II. PRINT510, R(55, 2) 
510 FORMAT (29H RMS PARALLAX 

FOR TRIPLET IS El4. 8/ ) 

(594) 

(674) 

The root -mean- square value of all the residual 
parallaxes for all the pass points of the triplet 
is stated as a reliability number in floating-point 
decimal of a meter . 

12. 357 PRINT 515 
515 FORMAT (/71H • • . OBJECT .. . 

X ... Y • •• z . .. PRECISION/ ) 

(596) 

(680) 

The heading for the list of "other objects" dis
tinguishes them from "pass points , " as the ob
jects do not enter into the computational adjust
ment . 

13. PRINT 509, FK, (E(l, J), 
J =I , 3), Y 

509 FORMAT (3X, I7, 4(2X, El4.8)) 
(628) 
(673) 

The output is essentially identical to that for 
Output s t atement 9 . The precision refers to 
y - parallax only. 

14. 358 PRINT 517 
517 FORMAT (/33H . •. IMAGE . . . 

RESIDUAL X, Y PARALLAX/ ) 

(632) 

(683) 

The heading for the residual parallaxes x and y 
is listed for all the pass point s in a triplet as 
(I) a diagnostic tool in the event of difficulty, and 
(2) a relative reliability factor for applying a 
criterion to t he use or nonuse of the points in 
mapping. 

15 . 258 PRINT 509, R(I, 1 ), R(I, 2) 
509 FORMAT (3X, 17, 4(2X, El4. 8)) 

(634) 
(673) 

The list of numbers that follows the heading 
statement of the previous output. 

16 . PRINT 516 
516 FORMAT (/27H •.• NEW 

TRIPLET/ ) 

(636) 

(682) 

This statement serves as a divider between the 
outputs for separate triplets, except for the last 
triplet in which the additional data follow rela 
tive t o those points in the last model that appear 
only on t wo phot ographs . 

17 . 355 PRINT 512 
512 FORMAT (/71H ... PASS PT .. . X 

. . . Y . .• z ... PRECISION/ ) 

(653) 

(676) 

Heading for those pass point s in the last model 
that appear only on two photographs . 

18 . PRINT 509, FK, (E(I, J), 
J= I, 3), R(I +30, 2) 

509 FORMAT (3X, 17 , 4(2X, E14 .8)) 
(658) 
(673) 

12 

Data for the heading of the previous PRINT 
statement are in the same format as Output 
statement 9 . 

19 . 359 PRINT 519 
519 FORMAT (/49H **STRIP 

ANALYTIC AEROTRIANGULA
TION COMPLETED**/ ) 

(661) 

(685) 

A notice is p rinted indicating the end of the 
strip, and the computer is set to begin a new 
strip, if one is available . 

PUNCH statements are applied to produce 
cards for two purposes: \I) A strip ad3ustment 
which always follows, and (2) a block ad3ustment 
which possibly may follow. Cards are used in 
order to arrange the data in a different order 
and to delete those items that may not be needed 
nor wanted. Punching is not done on the STRETCH 
computer, but is done in conjunction with the 
subsequent printing operation-- using the IBM-
1401 computer-- from magnetic tape produced on 
the STRETCH computer . 

20. 148 PUNCH 509 , (B(I, J), 
J = NCOL, K) 

509 FORMAT (3X, 17, 4(2X, El4 .8)) 
(167) 
(673) 

The refined- image coordinates , once com
puted, need not be recomputed in a subsequent 
block adjustment . The format is explained in 
Output statement 9. The pertinent data are ( 1) the 
image-identification number, (2) the x-coordi
nate, and (3) the y - coordinate . 

21. PUNCH 509, FK, (E(I, J) , 
J =I , 3), X 

509 FORMAT (3X, I7, 4(2X, El4.8) ) 
(5 84) 
(673) 

These are the same pass points data as for 
Output statement 9; namely, (I) the image- iden
tification number, (2) the X - , Y- , Z - model coor 
dinates at photograph scale , and (3) the residual
error vector. Thecardsareusedinthesubsequent 
strip adjustment (not for the block) . 

22. PUNCH 509, FK, (E(I, J), 
J = l , 3) , R(I, 2 ) 

509 FORMAT (3X, I7 , 4(2X, El4.8)) 
(588) 
(673) 

The "other objects" data are output by means 
of a separate statement as in Output statement I 0, 
and for the same purpose as in Output s tate
ment 21. 

23 . PUNCH 509 , FK (E(I, J), 
J= 1,3), R(I+30, 2) 

509 FORMAT (3X, I7 , 4(2X, El4.8)) 
(659) 
(673) 

A separate statement is required for those 
images that appear only on two photographs and 
that are in the last model. 

T HE FORTRAN PROGRAM 

Appendix 2 comprises a list of the source 
program annotat ed with additional notes and in
cluding a serial number on t he right side of each 



line of the list. Notes on operational statist ics 
are included at the end of this division. The 
program includes the entire routine of " Aero
triangulation: Image Coordinat e Refinement" is 
(ending with line 173) as a preliminary phase to 
the three - photo analysis . 

The list also includes numerous comment 
statement s which serve to di vide the program 
into distinct sections. These sections , also iden
tified by serial- line numbers, serve as a basis 
for describing the program in 26 parts. It is 
convenient to refer to the serial numbers as 
" line numbers" in denoting parts of the program. 
Where the branching instructions IF and DO refer 
to statements in distant locations in the program, 
a notat ion such as 11239: line 124" is added t o 
specify that s t a t ement 239 occurs on l i ne 124. 

1. Input of Constants (lines 004 to 012) . 
The division on "Input Format s , " described in 

pages 10 to 11 , enumerates the various data that 
are the subject of five READ statements. The 
first two s tatements contain informat ion that 
relates to all the photographs of the strip, where
as the last three statements refer to the geo
metri c parameters of the camera that also are 
constant throughout the strip. 

This is the first of eight sections which com
prise the refinement of the observed- image coor
dinates before beginning the geometric- orienta
tion solution. The refinement applies numerous 
systematic corrections to the observations, de
riving the average value of several observations, 
film distortion, comparator calibration, sym
metric radial lens distortion, asymmetric radial 
lens distortion, atmospheric refr action, and pos 
sibly a l so eart h curvature. 

2. Meaning Comparator Readings of Fiducial 
Marks {lines 01 9 to 080) . 

Th e program permits the comparator operator 
to repeat his observations for any image up to l 0 
times by merely leaving the point-identification 
number unchanged. A sequence check is made in 
order to ensure that the cards are in their proper 
order; if not, the program stops , prints an error 
message, and then goes to the next strip. 

The average value of the several coordinate 
observations is determined for x and y, and the 
deviation of each observation fr om the mean is 
computed. The largest X- deviation is formed and 
is compared to a 25-micron limit . If two obser 
vati ons in any set exceed the limit, the program 
stops, prints an error message, and then goes to 
the next strip. If the x-coordinates pass the limit, 
then the y ' s are examined similarly, continuing 
the count of bad data from the x - analysis. 

3 . Correct x, y for Comparator Error by Using 
Matrix for Film Shrinkage and Orientation of 
Plate (lines 081to094). 

This film distortion- compensation system cor 
rects simultaneously for ( l) X - screw, Y- screw, 
and the skew of the ways of the comparator, and 
(2) film distortion, by comparing the observed 

l8Keller and Tewinkel, see foomote 3. 
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coordinates of the fiducial marks with known 
values that already contain the comparator cor
rections, as shown in E~uations 1 and 2 of Tech
nical Bulletin No. 25. 1 This section computes 
the values of the coefficients in a set of observa
tion equations where the unknowns are the co
e fficients of polynomial correction equations , 
used as constants throughout this photograph. 

4. Formation and Solution of Normal Equations 
(lines 095 to 119). 

These equations refer to the preceding sec
tion 3 . Although a least- squares technique is not 
necessary and has no special significance, never
theless, that routine is utilized because it is 
already programed. The least- squares routine 
is also discussed in Technical Bulletins Nos . 2 1 
and 23. 20 2l The same general solution is used 
in section 18 below, where the matrix is com
pressed; matrix compression is not required 
in the present case. The solution is executed in 
a portion of the same A-array storage area 
reserved for section 18 . 

As the X - and y - equations are ident ical except 
for the constant term, the solutions are facili
tated. 

5. Processing Nonfiducial Image Readings From 
Comparator (lines 120 to 129) . 

The routine of section 2 for fiducial marks is 
used again in this section to process the coordi
nates of photographic images . Section 5 sets up 
the routine for finding the average values of the 
multiple observations of the coordinates, and 
eliminates values that differ from the mean by 
more than 25 microns as in section 2. 

6. Correction for Comparator Error, Film 
Shrinkage, and Orientation (lines 130 to 146). 

The coefficients of the correction polynomials, 
der ived in secti ons 3 and 4 and based on fiducial 
mark s, are applied at this time to all the image 
coordinates on the photograph. 

7 . Correction for (so- called) Focal Plane Tilt 
(lines 147 to 154). 

This correction to the image coordinates is for 
asymmetric radial lens distortion, which is dis
tributed elliptically rather than circularly about 
the photograph, in addition to the symmetric 
radial lens distortion in succeeding section 8 . 
This correction procedure (I) rotates the coor
dinate axes according to camera constants, (2) 
makes the correction to x and y, and (3) rotates 
back to the former coordinate axes . An equi va
lent correction also has been accomplished- 
wit h one less step- - by avoiding the requirement 
for double rotation through the use of two direct 
quadratic polynomials. Because the present pro
gram functions well, efforts are not being ex
pended to revise it. 

8 . Correction for Lens Distortion and Atmos 
pheric Refraction {lines 155 to 173) . 

19Ibld. 
20Harrls, Tewlnkel, and Whitten, p. 38, see foomote l. 
21Keller and Tewlnkel, p. 6, see foomote 2. 



As explained in Technical Bulletin No . 25 , 22 

the lens distortion consists of t he symmetric
radial type which is depicted by the 151 constant 
values stored in the T - array. The program de
rives intermediate values by interpolating be
tween the values specified at the even millimeters 
of r adial distance. 

Also, the atmospheric-refraction correction is 
based on t he tables of Leijonhufvud, 23 incor
porated in t he two constants A(42, l)andA(42, 2). 
Earth curvature can be taken into account as 
indicated in Technical Bulletin No. 25. 24 

This concludes the series o f steps ca 11 e d 
image coordinate refinement. Repeated solutions 
of t he follo wing orient ation steps do not involve 
sections 1 through 8. 

Incorporated in section 8 are a f ew other de
tails. If a block adjustment is t o follow this strip 
adjustment, t he refined-image coordinates are 
needed again. The values cannot remain in stor
age at this time because the array is to be filled 
with data pertaining t o the next triplet. Conse
quently, the refined coordinates are punched out 
(line 167) according t o whether a 1 or 0 exi sts 
in A(41 , 5) as input on line 006 . 

Processing plates 2 and 3 , as indicated on line 
168, relates to whether the initial triplet is being 
processed or not, in which instance the data for 
these t wo photographs also must be processed 
like the first photograph. After the initial triplet, 
only the new data for the third phot ograph need 
processing . 

9 . Sorting Test (lines 174 to 205). 
Preparations are made in this section to start 

the orientation solution. Feedback is provided in 
the value of NBAD and is generated on line 441. 
Section 9 realines the data for the next iterat ion. 

10. Three- Photo Orientation (line 206) . 
The geometric solution of the three-photo 

orientation problem begins at this place and con
tinues through section 20 (e nding wi th l ine 566). 

11. C - Array, Rows I Through 15 (lines 207 to 
263). 

The first 15 rows of the C-array contain ele
ments that are common to all the images of a 
photograph. Except for the firs t row, these ele 
ments are all combinations of trigonometri c 
functions, including the nine direction cosines of 
the three-dimensional rotation matrix and their 
partial derivatives with respect to the three 
fundamental angles . These C - array terms are 
identified and given i n equations 14, 22, 23, and 24 
of Technical Bulletin No . 21. 2:> In the present 
program, the products of t e rms are formed ex
plicitly r a t her than t hrough matrix multiplica 
tion. 

22Keller and Tewinkel, see foomote 3. 
2.3Qn astronomic, photogrammetric and trigonometric re

fraction by Axel Leijonhufvud, Kungl. Boktrycker!et P. A. 
Norstedt & Soner, Stockholm, 1950. 

24Kelle r and Tew!nke l, p. 4, see foomote 3. 
25Harr1s , Tew!nkel, and Whitten, p. 9, see foomote 1. 

12. C-Array, Rows 16 Through 21, and E - Array 
(lines 264 to 285 ). 

The remaining rows of the C - array consist of 
the scalar AB-matrix products, used later for 
for ming the co efficients of table I, previously 
discussed. Thes e rows are computed for each 
image. 

13. Intersection Routine (lines 285 to 305) . 
"Intersection" i s a term that is used in this 

paper to indicate the approximat e det ermination 
o f t he X - , Y-, Z - space coordinates of an object 
t hat corresponds t o its images on two photo
graphs . Intersection is obtained through t he solu
t ion for the coordinates of the point of intersection 
of t wo lines in space by the simult aneous solution 
of the space equations for the line s associat ed 
wit h the two images. Equa tions 5 and 6 , previously 
discussed, define the solution. The routine is 
given in this section and then repeated in section 
22 (line 612) because it became difficult to recall 
the sequence. 

14. Compute P - Constants (lines 306 to 326) . 
The formulas for t he 14 coefficients o f t he 

terms in the observation equations are stated in 
table I and programed in this section, taking 
advantage of the fo rmula simila r ities and of the 
special arrangement of the term s in the C - array . 
Consequently, p 11 and p 21 are the con s tant terms, 
and constitut e residual parallaxes; p 1 2 . .. p 1 4, 
P22 · · ·P24 are the coefficients of the three angu
lar terms; and P i~· . ,p 17,p25 ••• P 27 are the co
e fficients of the linear terms . The coefficients 
are stored momentarily in a portion of the A -
array that is never used ot her wise. 

15. Compute S - , T- Constants for First T r iplet 
(lines 327 to 339). 

As explained previously in the division on " The 
Scheme o f the System," the initial triplet differs 
from the succeeding ones by the manner i n which 
"scale" is determined. In the initial phase, a 
value for the air base is adopted to fix the scale 
because no other criterion exis t s; later, the 
previously located positions of objects a re used 
t o find the scale. The orientation solution is 
accomplished by recognizing t hat 6 X-, 6Y- , 
6Z - corrections to the intersected- coordinate 
values can be "eliminat ed" in t he initi al case 
t hrough modifications to some of the terms as 
shown in Equations 4, given p r eviously, b y the 
inclusion of ST- products. The formulas that ex
press the modifications are listed as Equation 5. 

16 . Compute Contribution to No rmal Equations 
(lines 340 to 378 ). 

Equation 32 of Technical Bulletin No . 23 26 shows 
the formation of normal equations fr om obser va 
tion equat ions . At any time in the procedure, 
only two observa t ion equations are a vailable; 
more equations are derived la ter, and none is 
saved. The cont r ibut ions to the t erms of the 
normal equations are computed and added to the 
values al r eady in storage . This program for the 

26Keller and Tewinkel, p. 6, see foomote 2. 
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solution of normal equat ions is unusual in the 
sense the te r ms are "compressed", relative to 
their classic location; the progr am utilizes t he 
system of cases describ ed earlier (and det e r
mined in succeeding sect ion 17) to indicate wher e 
the respective products are stor ed. 

Lines 342 and 343 multiply the three coeffi 
cients o f t he angular terms by 10--as a " scaling" 
measure t o cause these coefficients t o have a 
size comparable to that of the linear terms . This 
is justif ied because the angular terms, which are 
in radians , have no fixed natural relationship to 
the linear terms, which are in meters . The 
application o f the factor I 0 places the linear and 
angular terms in a comparable capacity- - rela
tive to the e ffect iveness in eliminati ng parallax 
(pll • P21 l· 

Lines 362 t h r ough 367 p e rtain to the three 
model coordinat es, whereas line s 373 through 378 
pertain to the six camera parameters , Lines 368 
to 372 deal with S T -terms for Case 3. 

17. Index Values for Different Cases (lines 3 7 9 
to 478). 

Values are assigned t o the terms IGO, LROW, 
K , J , NDEV, LINE that are used as ins t ruction 
signals for forming or not forming certain co
e f ficients , and for knowing where to store the 
contributing p roducts to the system of normal 
equat ions , T he cases are descr i bedinthedivision 
on "The ' Case' Concept" and illustrated by table 2 
and figur e 2. It is notewort hy t hat Cases 8 to 14 
correspond t o Cases I to 7 , respectively; the 
only di ffe r ence lies in the fac t that the latter set 
pertains only to the init ial t riplet, whereas the 
former p e rtains to all succeeding t riplets . Case 3 
i s recognized i n the preceding sect ion 16 (lin e s 
368 to 372) a nd in this sect ion (lines 422 to 42 5 ) 
which also applies to Case 10. 

Lines 427 to 477 analyze the residual- parallax 
values, finding the largest one and comparing it 
to the limit A(41 , 5) as specifi ed by t he input 
indicat ed on line 006; count t he n umber o f exces 
sive values; print appropr iat e e r ror messages; 
and replace t he ques t ionable i m age coordinates 
with those of its companion pass point on all 
photographs; and then proceed or stop the com 
put ation. 

18. Solut ion of Normal Equat ions (lines 4 79 t o 
543). 

The basic system for the solution also was 
applied in section 4 p r eceding, and is described 
in Technical Bulletins Nos . 21 and 23 . 27 28 In the 
present instance, the storage ar r ay no longer 
has the classic t riangular s hape. Inst ead, t h e 
triangle is compressed as des cribed in the divi 
sion on "Mat rix Compression, " previously dis 
cussed and shown in figures 4 and 5, taking ad
vantage of the large number o f terms that are 
known always to be zeros. Consequently, the 
simplified i nst ructions, used in section 4, are 
modified in t his section i n o rder t o recogn ize 

27Harrls, Tewlnkel, and Whitten, p. 38, see foo01ote I. 
28Keller and Tewlnkel, p. 6, see foo01ote 2. 
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the special locations of the various coefficients 
in the memory. 

The "answers" (adjustments) eventually re
place the constant t erms in the first 48 r ows of 
the last (16th) column of the A-array, in which 
the bottom 6 adjustments (reading upward) are 
llZ 0, ll Y0, D. X 0 , ll K , tl<p , llw for the 3rd photo
graph of the triplet, etc. The first 36 values are 
the llX -, llY- , tlZ - adjustments to the 12 "free" 
pass points . Finally, on line 541, t he angular 
adjustments are m ultiplied by 10 to restore them 
to the radian measure in order to counteract 
their arbitrary "scaling" in section 16. 

19. Add Least-Squares Results to C - and E
Arrays (lines 544 t o 555) . 

The adjustment s resu lting from the foregoing 
least- squares analysis are applied t o their re
spective parameters . The 12 terms t hat apply to 
the camera are s t ored in the C - array and the 36 
terms that pertain to the coordinates of the pass 
point objects are found in the £ - array. 

20. Test Magnitude o f Correct ions for Orienta
tion Parameters (lines 556 to 566) , 

The procedure repeats the complete solution 
of each triplet unt il no adjustment to the three 
angular parameters of either "free" photograph 
exceeds 10-~ radian, or about 2 arc seconds . 
Each of the six parameters , stored as shown in 
lines 540 to 543 of section 18, is tested accord
ingly. In any event, the computation returns to 
line 212 to modify t he elements of the orientation 
matrix. This section constitutes the final part of 
the orientation problemper se which began with 
section 10 . 

21. X- , Y- , Z - Output for Pass Point s (lines 567 
to 594) , 

If the test for excessive residuals in line 431 of 
section 17 is satisfactory, the output (app. 3) for 
the triplet is executed by the instruct ions in this 
section. 

The output routines for t he init ial , int ermediate, 
and final triplet s all differ in certain respects . 
Line 571 instructs the computer t o output the 
coordinates of those objects that are found across 
the center of the initial photograph, even though 
these points do not fall on three p hot ographs . 
After the init ial situation, line 573 a lone applies 
to those objects that are found on three photo
graphs. Finally, sect ion 25, as will be shown, 
outputs the corresponding data pertaining t o the 
objects that are found across the cent er of the 
last photograph in t he strip, even t hough, as in 
the init ial case, these i m ages appear on only t wo 
photographs. 

PUNCH stateme nt s are include d in o r der to 
yield data for di rect use as input fo r the next 
program. The reliabilit y, or precision, values 
are computed a t this t ime , For t he pass point 
objects , the preci sion is the root- m e an- s q uare 
of all t he residu a l x - and y - parallaxes involved, 
ordinarily six points, but to a lesser number 
for the leading and t railing ends of the init ial and 
final triplets . Also, the rms - parallax for the 



triplet is computed as a reliability indicator; it 
is composed of all the pass point parallaxes . 

22. Compute X. Y, Z of Other Objects (lines 595 
to 630). 

Objects other than pass points are not utilized 
in the adjust ment, but are computed through the 
use o f the int ersection routine, and based on the 
results of the general adjustment. Only t hose 
object s are considered t hat are found in t he over 
lap of t he first two photographs of the triplet ; 
any others are considered, in turn, later. After 
the objects (if any) are identified, the intersect ion 
routine, although previously programed in line 
277 of section 12, is repeated in its entirety. 
The solution will yield a y -parallax (or y -
difference) but no X-parallax, and only on one 
photograph. The average Y-coordinate value is 
output t oget her with the Y - difference, which is, 
in a sense, a criterion of reliabilit y. 

23 . Output of Residual Parallaxes for Pass Point s 
in Triplet (lines 631 to 634 ). 

The residual parallaxes of each pass point 
image are s tored for any triplet in the R-array. 
Those images t ha t are found on two photographs 
have a y -parallax value from each photograph; 
those images on all t hree photographs have both 
x - and y -parallaxes . All the values are printed 
t o (1) assist in diagnosing trouble, and (2) serve 
as aids to the compiler employing t he data be
cause both companion images need not be used. 

24. P r oceed t o New Triplet (lines 635 to 651 ). 
The dat a in the B-, C -, and E - arrays are 

shifted into the appropriate s torage area to pre
par e for the next photograph. The data pert aining 
t o the second photograph are subst i t uted for t hose 
o f the fir s t (erasing the first), and the data per
t aining to the t hird photograph a r e placed int o t he 
area formerly occupied b y the second. Most data 
for t he third photograph remain also in their 
former locations, and are used as t he fir s t 
approximations for t he new incoming photograph. 
Then, the c o ordinat es of the fiducial marks of t he 
new photograph are input; the new coefficients of 

the shrinkage polynomial are determi ned; and the 
image coordinates are input, are refined b y the 
new coefficients, and finally a new strip is begun 
with t he new photogr a p h in the third position . 

25 . Output Data for Right Side of Last Triplet 
in Strip (lines 65 2 to 662 ). 

The object data near the center o f t he last 
photograph would not be output otherwise, except 
through t his s p ecial a ttention, because these dat a 
are held ordinarily until t hey can be analyzed 
from all three photographs. The coordinates are 
stored already; it is only a matter of p rinting 
t hem. 

26. Format Statement s (lines 663 to 68 5). 
All format statements, di scussed in t he division 

on " Output Formats," are listed as the final 
sect ion of the program. 

Operational Statistics 
The program has been operated only on the 

IBM- 7030 (ST RETCH) computer of t he Na val 
Weapons Laborat ory a t Dahlgren, Virginia. Of 
the core memory, consisting o f 48 , 000 words of 
64- bit length (14 digits), t he program used only 
3 , 949 words . Compila tion time for this F ortran 
IV source program was 26 seconds, and the aver
age running time was 3 . 29 seconds per triplet. 
A strip containing 19 triplets (21 photographs) 
ran in 5 8 .8 seconds. 

In addition, the subsequent strip adjust ment 
program, described in Technical Bulletin No. 
23 , 29 required 6 seconds to compute. 

Based on a comput e r charge of $300 per hour , 
the total cost for comp ut ing the s trip of 21 photo
graphs for both programs was $5 .50. Thus, the 
computer cost per photogr aph was about 23 . 7 
cents for the three- photo analysis , plus about 2 . 5 
cents per photograph for t he strip adjus tment . 
That low cost is a t tributed to the availability of 
a very large and fas t computer at a rela tively 
low hourly charge. 

29Keller and Tewinkel, see foomote 2. 

Appendixes 
APPENDIX 1 

SAMPLE INPUT DAT A 

Althou gh t his list ing is comprised of actual data, some preliminary processing has been 
accomplished. Whereas real data have an appearance as shown in Aerotriangulation: Image 
Coor dinate Refinement by M . Keller and G. C . Tewinkel, C . and G . S . Technical Bulletin 
No. 25, March 1965 , p . 8 , the multiple readings of the image coordinates have been averaged 
already, and only the mean values to tenths of microns are indicated in the following data . 
Ordinarily, the tenths column is always zero because the least count of the comparat or is 
1 micron. For some computers, the coor dinates of images on the left side of t he first photo 
g raph and on the right s ide of the last photograph, shown here as zer os , should ins tead be 
input as realisti c dummy numbers . 
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SHENANDOAH TEST KELLER 
-0000592 -0025100 25 (refraction; rejection limit ) 

15229000+00 (asymmetric 
lens distor~ion; f.l.) 

0004 +50555490+00 +86279440+00 -33170000-03 
l +1060021 +1060069 } 
2 +1059948 -1059988 
3 -1059941 -1059988 
4 -1060002 +1060042 

(correct coordinates of fiducial marks) 

-2500-2500-2500-2333-2500-2400-2333-2286-2188-2222-2250-2091-2083-2077-2036 
-2000-1969-1941-1944-1921-1905-1890-1868-1848-1825-1796-1762-1726-1696-1666 
-1633-1587-1544-1503-1465-1429-1394-1362-1332-1300-1263-1227-1193-1156-1118 
-1080-1041-1002-0963-0927-0890-0853-0815-0774-0731-0691-0652-0611-0569-0529 
-0488-0448-0403-0357-0313-0274-0235-0194-0154-0116-0079-0042-0007+0027+0062 
+0100+0134+0169+0201+0233+0265+0299+0332+0364+0395+0429+0463+0492+0517+0543 
+0566+0585+0600+0615+0630+0642+0654+0666+0673+0681+0687+0690+0693+0694+0694 
+0695+0692+0682+0671+0660+0648+0636+0622+0606+0591+0574+0553+0532+0508+0483 
+0458+0434+0407+0380+0348+0314+0278+0240+0203+0167+0129+0089+0038-0019-0082 
-0144-0217-0292-0380-0468-0609-0738-0880-1084-1271-1448-1610-1769-1939-2114 
-2267 

53 (photo no.) (symmetric radial 
5300001 02309868 02361430 } lens distortion ) 
5300002 02310290 00240392 (observed coordinates of fiducial marks) 
5300003 00188934 00240124 
5300004 00188870 02361220 
5352310 

(no images used 5352311 on 

5352320 initial side of 

5352321 first photo) 

5352330 
5352331 
5353310 01213123 00231547 
5353311 01199953 00274997 
5353320 01250307 02218183 
5353321 01237867 02236403 
5353330 01265310 01313247 
5353331 01255730 01343237 (observed coordinates 
5355310 02231770 00299073 of photographic images) 
5355311 02198420 00331773 
5355320 02229853 02138673 
5355321 02267417 02133187 
5355330 02218830 01240820 
5355331 02224043 01222083 
5354101 01774290 01066197 
5354201 01658330 00992397 
5354202 01645970 01944183 
5354203 01855087 02239903 
5354205 01739543 00172467 

55 
5500001 02309288 02357424 
5500002 02309338 00236306 
5500003 00187898 00236494 
5500004 00188236 02357630 
5553310 00198877 00343943 
5553311 00188930 00387327 
5553320 00282577 02324850 
5553321 00271153 02343140 
5553330 00282710 01420660 
5553331 00273103 01450860 
5555310 01220127 00383430 
5555311 01187883 00422687 
5555320 01258423 02217343 
5555321 01298290 02210250 
5555330 01231637 01321660 
5555331 01236017 01302743 

17 

Sl 
Sl 
Sl 
Sl 
Sl 
Sl 1 
SI 2 
Sl 3 
Sl 4 
Sl 5 
Sl 6 
Sl 7 
Sl 8 
Sl 9 
SllO 
Sl 11 

1 

l 
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555731 0 02241847 00387483 
5557311 02284073 00373753 
55 5732 0 0 2104020 02088053 
5557321 02112143 02 140973 
5557330 02198563 01212363 
5557331 021708 17 01206787 
55541 0 1 00784237 01159917 
5557101 02183183 0 1577917 
5557102 02358563 00966450 
55 54201 00667913 01089507 
555420 2 00670677 02040287 
5554203 00890463 02328890 

5 7 
5700001 0 2309572 02356906 
570000 2 02309884 00235836 
5700003 00 188570 00235650 
5700004 00188572 02356724 1 
57 55310 00256 753 00486843 
5755311 00226017 00527927 
5755320 003 79990 023249AO 
5755321 00422060 02315200 
5755330 003 14993 0 1426540 
5755331 00317413 01407763 
5757310 01272540 00442243 
5757311 0 13143 70 00427117 
5757320 01229827 02145467 
5757321 0 1242 133 02197903 
5757330 0 1277153 01266003 
5757331 01248363 01262 103 
5759310 02105637 00285683 
5759311 02155877 00393170 
5759320 02031743 02073900 
5759321 02099637 02167090 
5759330 02082627 01210943 
5759331 02131430 01271083 
5757101 01275590 01632273 
57 57102 01417577 01013040 
57 58201 0 161 4490 00710493 
5758202 01620843 01527557 
57 58203 01813303 02335897 

59 
590000 1 02307944 0235A074 
5900002 02 308330 00236912 
5900003 00186918 00236694 
590000 4 00186 838 02357882 1 
5957310 00388 290 00526048 
5957311 00430173 00509563 
59 57320 00396103 02223670 
5957321 00410937 02275 183 
5957330 00418770 01347767 
595733 1 00389113 0 1344577 
5959310 0 1217060 00343270 
5959 311 012 72087 0 0449507 
59 59320 0 119 2577 02134693 
5959321 01 263763 02226283 
5959330 0 122259 0 01271180 
5959331 01 272870 01330 230 
596131 0 0 21 89330 00244 887 
596131 1 0 2 167 247 00 370447 
596132 0 0 2223263 02 117197 
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5961321 02181670 02202170 
5961330 02172783 01187230 
5961331 02205843 01248803 
5957101 00421793 01712940 
5957102 00546077 01092253 
5959101 01443163 02423687 
5958201 00740400 00783740 
5958202 00771110 01599347 
5958203 00980797 02400547 

61 
6100001 02308302 02354674 
6100002 02308588 00233782 
6100003 00187518 00233816 
6100004 00187476 02354626 1 
6159310 00267593 00434733 
6159311 00325373 00540050 
6159320 00269022 02219004 
6159321 00341660 02309315 
6159330 00289518 01359463 
6159331 00339940 01417758 
6161310 01228563 00326458 
6161311 01209065 00452005 
6161320 01293828 02192790 
6161321 01253160 02278188 
6161330 01227765 01267045 
6161331 01263135 01327958 
6163310 02211555 00343700 
6163311 02183200 00310802 
6163320 02159062 02104182 
6163321 02123188 02107315 
6163330 02160638 01193960 
6163331 02137013 01166560 
6161101 01257295 01818293 

1 
63 

6300001 02307648 02360958 
6300002 02308006 00240138 
6300003 00186818 00239976 
6300004 00186772 02360832 
6361310 00280980 00451083 
6361311 00265202 00575696 
6361320 00390433 02306063 
6361321 00351728 02392123 
6361330 00302580 01384058 
6361331 00340275 01443790 
6363310 01263548 00446075 
6363311 01232225 0041't308 
6363320 01250670 02204208 
6363321 01215388 02207773 
6363330 01232430 01293525 
6363331 01210443 01266343 
6365310 02304247 00413300 
6365311 02199130 00365085 
6365320 02175496 02152140 
6365321 02198868 02151920 
6365330 02181790 01248785 
6365331 02180458 01197613 
6361101 00332815 01933930 
6364101 018926 73 02089900 
6365101 02142210 02155173 
6365102 02156053 02142200 
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6365103 02231630 01760900 
6364201 01575598 00560170 
6364202 01570453 01503893 
6364203 01608868 02307573 

65 
6500001 02308618 02359254 
6500002 02308962 00238270 
6500003 00187696 00238116 
6500004 00187674 02359128 
6563310 00281050 00575140 
6563311 00245868 00545533 
6563320 00363815 02313848 
6563321 00330005 02318730 
6563330 00297118 01416363 
6563331 00276268 01390435 
6565310 01294620 00487013 
6565311 01193453 00443768 
6565320 01270663 02220975 
6565321 01295058 02219470 
6565330 01218925 01326020 
6565331 01215278 01275158 
6567310 02226893 00280355 
6567311 02188900 00236914 
6567320 02357553 02123923 
6567321 02281424 02093016 
6567330 02257048 01208248 
6567331 02260318 01170008 
6564101 00986775 02172433 
6565101 01232493 02226065 
6565102 01245040 02212825 
6565103 01300393 01831410 
6566101 01A07615 01566810 
6564201 00587338 00672505 
6564202 00633568 01608598 
6564203 00724198 02399278 

1 
67 

6700001 02305054 023(>3854 
6700002 02305448 00242806 
6700003 00184216 00242660 
6700004 00184166 02363606 l 
6765310 00280130 00609850 
6765311 00185870 00563995 
6765320 00251788 02337462 
6765321 00277353 02336018 
6765330 00198395 01444943 
6765331 00195630 01394215 
6767310 01206063 00422795 
6767311 01166123 00379375 
6767320 01321138 02251463 
6767321 01247895 02219910 
6767330 01231488 01342513 
6767331 01234728 01304680 
6769310 02129002 00346832 
6769311 02152610 00311810 
6769320 02320102 02103424 
6769321 02296583 02015135 
6769330 02204523 01181940 
6769331 02187270 01159653 
6766101 00784558 01692328 
6768106 01851650 01647130 
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6768107 01739665 02378908 
6768111 01922978 01159R70 
6768112 01896580 00908978 
6768113 01871603 00935350 
6768114 01877365 00998988 
6768115 01828695 01002615 
6769201 02070513 00452230 
6769202 02165745 01222113 
6769203 02264695 02157385 

l 
69 

6900001 02304610 02356394 
6900002 02304960 00235290 
6900003 00183670 00235098 
6900004 00183688 02356110 1 
6967310 00300936 00457830 
6967311 00262085 00410638 
6967320 00241rn50 02301915 
696 7321 00179158 02263592 
6967330 00244610 01379558 
6967331 00251003 01342008 
6969310 01230860 00474600 
6969311 01257395 00442398 
6969320 01262350 02241605 
6969321 01245980 02151168 
6969330 01230778 01311210 
6969331 01216738 01287348 
6971310 02120137 00354213 
6971311 02047458 00345295 
6971320 02123744 02105378 
6971321 02071383 02124383 
6971330 02113503 01242225 
6971331 02091823 01217798 
6968106 OOR36395 01742750 
6968111 00953605 01262488 
6968112 00951203 01009850 
6968113 00922148 01033913 
6968114 00923408 01098110 
6968115 00871575 01096880 
6971101 02160233 01937435 
696920 l 01165635 00573065 
6969202 01190068 01347503 
6969203 01208058 02290540 

l 
71 

7100001 02304994 02357684 
7100002 02305220 00236574 
7100003 00 183948 00236544 
710000 4 00183980 02357652 1 
7169310 00403590 004978R3 
7169311 00431670 00466827 
7169320 00346957 02263007 
7169321 003340 57 02171977 
7169330 00361723 0133355 7 
7169331 00349997 01309007 
7171310 01297223 00419043 
7171311 01226470 00406543 
71713 20 01214423 02 176410 
7171321 01162790 02192513 
7171330 01247367 01310517 
7171331 01226877 01284867 
7173310 0211845 3 00347477 
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7173311 02 l 77970 00392560 
71 73320 02170027 02218637 
71 7332 l 02209493 02126790 
71 73330 02214220 01212q40 
7173331 02183517 01298427 
7171101 01258590 02010394 
7173101 02094806 01684912 
7169201 00335803 00593187 
7169202 00320937 01367637 
7169203 00295600 02308523 

l 
73 

7300001 02302474 02357304 
7300002 02302768 00236210 
7300003 00181386 00236012 
7300004 00181338 0235 7160 1 
7371310 00351325 00436383 
7371311 00281835 00422270 
7311320 00255550 02202123 
7371321 00204983 02217770 
7371330 00295928 01333770 
7371331 00275223 01307795 
7373310 01238240 00381750 
7373311 01240820 00426740 
7373320 01219668 02250568 
7373321 01257620 02159640 
7373330 01251513 01309407 
73 73331 01223110 01334318 
7375310 02136720 00340518 
7375311 02115566 00386954 
7375320 02135500 02226180 
7375321 02160780 02169373 
7375330 02134383 01283465 
7375331 02108500 01275073 
7371101 00300490 02036145 
7373101 01144047 01718807 
7375101 02313745 01469173 
7375201 02205568 02166830 
7375202 02260810 01340875 
7375203 02134325 00286535 

l 
75 

7500001 02300984 02355964 
7500002 02301266 00234832 
7500003 00179840 00234700 
7500004 00119884 02355896 
7573310 00359955 00398563 
7573311 00365124 00443798 
7573320 00315370 02265534 
7573321 00352998 02176063 
7573330 00343626 01328356 
7573331 00317150 01352438 
7575310 01257745 00377770 
7575311 01235255 00424108 
7575320 01225803 02268128 
7575321 01254563 02212070 
7575330 01242473 01324878 
7575331 01216738 01315718 
7577310 02216920 00391176 
7577311 02153280 00271645 
7577320 02172808 02205264 
7577321 02175023 02128643 
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7577330 0215A213 01281813 
7577331 02166693 0 122 1360 
7573101 00243808 01733628 
7575101 01419453 01515808 
7576101 01556893 00356003 
7575201 01299333 0221081 3 
7575202 01371968 01385748 
7575203 0125851-5 00323398 

11 
110000 l 02306552 0235 7052 
7700002 02306916 00235864 
7700003 00165492 00235 71 8 
7700004 00185476 02356826 
7775310 00352010 00421360 
77753 11 00328837 00467033 
7775320 00304010 02300670 
7775321 00335183 02245173 
777 5330 00330993 01360630 
7775331 00305993 01350970 
7777310 01307870 00445860 
7777 3 ll 01242032 00326234 
1111320 01250592 02261746 
777732 l 01255137 02 184647 
7777330 01248220 01334498 
7777331 01258408 01274160 
77793 10 02244627 00386137 
7779311 02249167 00335103 
7779320 02186160 02229780 
7779321 02212283 02157990 
7779330 02203903 0 127635 0 
777933 1 0 22 43080 01264093 
7775101 00503852 0155 41 04 
7776101 00640034 00403562 
7778101 0 1803358 0 126 7 212 
7775201 003 79633 0224506 8 
7775202 00461953 0 1423353 
7775203 003555 73 00367343 

79 
7900001 02307784 02355898 
7900002 02307796 00234808 
7900003 00186366 0023 4960 
7900004 00186748 02356 11 0 
7977310 00306493 0047 76 53 
7977311 00235893 00358413 
7977320 00283540 02293110 
7977321 00288247 02215920 
7977330 00269930 01366 11 3 
797733 1 00279927 01305733 
79793 10 01240773 00411573 
7979311 01242740 0 0360717 
797 9320 01206433 022498 30 
797932 1 01 233700 02 177990 
7979330 01220917 0 1298973 
797<n3 1 01259453 01286457 
7981310 02 178888 00390010 
79813 11 02205982 00336658 
7981 320 0 225854 8 02180054 
798 1321 02129373 02201684 
7981330 022 2 1743 01264573 
7981 33 1 02186180 0127166 7 
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7978101 OOA175R4 01293816 
7981101 02024272 01549094 
7981201 02067716 00226856 
7981202 02046438 01101016 
7981203 01918076 02032838 

Rl 
8100001 02302194 02359770 
8100002 02302580 00238658 
Rl00003 00181250 00238446 
8100004 00181224 02359472 
81793 10 00292530 00452004 
8179311 00292717 00401347 
8179320 00261136 02280696 
8179321 00290260 02209070 
8179330 002829RO 01334R70 
8179331 0032094 7 01322577 
8181310 01218573 00429350 
8181311 01249117 00375877 
8181320 01305703 02218317 
8181321 01176920 02239127 
8 181330 01271243 01303523 
818 133 1 01235080 013 10453 
8183310 02194646 00351504 
8183311 02229417 00379433 
8183320 02190318 02253505 
8183321 02198430 02202R37 
8 183330 02202633 01235897 
8183331 02215940 01293387 
81Rll01 01075 270 01587180 
8183101 01941510 01723517 
8181201 01104053 00266643 
8181202 01097650 01139637 
8 181203 00967453 02069197 

83 
8300001 02308660 02357532 
8300002 02309050 00236496 
8300003 00187688 00236232 
8300004 00187624 02357294 
8381310 00268450 00461567 
8381311 00301570 00407890 
8381320 00388765 02248835 
8381321 00260547 02271620 
838 1330 00343203 01333603 
8381331 00306673 01341003 
8383310 01241345 00373640 
8383311 01281250 00401053 
8383320 01278970 02270800 
8383321 01285477 02220013 
8383330 01272277 01254340 
8383331 01287520 01311577 
8385310 02212697 00461127 
8385311 02158257 00458760 
8385320 02186870 02249067 
8385321 02233300 02221197 
8385330 0217885 3 01254803 
838533 l 02192403 01287093 
8381101 00152866 01619756 
8383101 01016620 01744672 
8385101 01947550 01361424 
8381201 00148654 00300284 
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8381202 00169360 01171900 
1 

85 
8500001 02304174 02357722 
8500002 02305240 00236518 
8500003 00183742 00236088 
8500004 00183694 02357438 l 
8583310 00298453 00400757 
8583311 00343272 00428082 
8583320 00352367 02299527 
8583321 00357976 02248764 
8583330 00340423 01281487 
8583331 00356957 0133871 7 
8585310 01271857 00486480 
8585311 01215373 004842AO 
8585320 01229590 02278170 
8585321 01277007 02250240 
8585330 01249133 01280767 
8585331 01260447 01313223 
8587310 02183686 00398212 
8587311 02159613 00443760 
85A7320 02208878 02210814 
8587321 02240480 02242733 
8587330 02196840 01235707 
8587331 02185947 01241750 
8585101 01013797 013A7970 
8586101 01610807 01092697 
8587101 02332113 00514673 
8586201 01680010 00431387 
8586202 01621030 00973910 
8586203 01565060 01831170 

l 
87 

8700001 02305434 02358908 
8700002 02305856 00237710 
8700003 00184406 00237436 
8700004 00184410 02358664 l 
8785310 00315498 00500624 
8785311 00256050 00498010 
8785320 0024fl366 02307068 
8785321 00298230 02278290 
8785330 00300567 01298987 
8785331 00309393 01331883 
8787310 01237970 00421130 
8787311 01216617 0046615 3 
8 787320 01257410 0222 7873 
8787321 01282450 02259707 
8787330 01265420 01253983 
8787331 01254543 01259960 
8789310 
8789311 
8789320 
8789321 
8789330 
8789331 
8786101 00665327 01110530 
8787101 01387710 0053 7998 
8786201 00730113 00449370 
8786202 00675777 00991593 
8786203 00636380 01851945 

l 
E N 0 0 F S T R I P N P U T QA.TA. 
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T 
B 
• 
• 
• 
B 
T 
c 
c 

c 

350 

156 

248 

238 

204 
241 
222 
203 

150 
202 

199 
151 

219 

205 

251 
208 

206 

APPENDIX 2 

THE FORTRAN IV SOURCE PROGRAM 

SUBTYPE,DATA 
JOB,K34-41B7 ANALYTIC AEROTRIANGULATION 
••••• ••••• ••••• ••••• • •••• ••••• 
OPERATOR - THE RUNNING TIME SHOULD BE ABOUT 5 MINUTES 
••••• ...... .. ..... 
TYPE,COMPILGO,FORTRAN,PM 
SUBTYPE,FORTRAN,LMAP,LSTRAP 

....... ...... . ..... 
.. .. 

• 
• •• 

A N A L Y T I C A E R 0 T R I A N G U L A T I 0 N 001 
REFINEMENT OF IMAGE COORDI NATES READ ON COMPARATOR 002 
DIMENSION A!50,161,T!l51),Al50,91,Cl21,9l,E!l8,3),Rl56,2l 003 
READ 500 004 
PRINT 500 (title card--p r oject name and strip no.) 005 
READ 50B,!A!42,J},J= l,2),A!41,ll,A!41,51 (refraction; rejection limi~006 
READ 501,N.<Al42,J>,J=3,6l (no. o f marks; asym . dist.; f ocal length ) 007 
NMl=N-1 (N Minus 1 ) 008 
NPl=N+l (N Plus 1) 009 
NP2=N+2 (N Plus 2) (correct fiducial 01 0 
READ 502,(A(l+30,l),(A( 1+30,J+l),J=N,NPll.ITEST.I=l,Nl coords.) 011 
READ 503tiT!Ilti= 1,15 ll ( symmetric radial l ens distorti on table) o 12 
IALOCK=l (test no. for i nitial tripl et ) 013 
NCOL=l 014 
NBAD=O ( no . of r esiduals that e x ceed limit) 015 
DO 156 l=l,N (store correct coordinates 016 
Al43,Il=A!l+30,NPl> of fiducial marks) 017 
Al46,Il =A(l+30, NP2) 018 

MEANING COMPAR ATOR ~EAOINGS OF FIDUCIAL S 019 
ITRANS=l (1 means fidu cial mark; 2 mean s photo image) 020 
READ 502, IPLATE (no . of photo in process) 021 
IF lIPLATEl23A,355,238 (355 : line 653)(if o, process images on 022 
LINE=3l right side of last triplet) 023 
1=31 024 
READ 502,(All,Jl,J=l2,141,ITEST (observed fiducial coordinates) 025 
GO TO (222,239), lTRANS (239: li ne 124 ) 026 
IF lAl31,121-AlI,12l 11 51 ,1 50 ,203 (sequen ce check) 027 
PRINT 504 (error mess age) 028 
GO TO 352 (3 52 : line 6l~9 ) 029 
IF lITESTl202,202,199 (finding last of multiple observations) 030 
I=l+l 031 
GO TO 204 (204: l i ne 025) 032 
l=l+l 033 
lROW = 1-1 034 
K=LROW-30 (~is no . of multiple observa tions) 035 
FK=K 036 
ND EV=l (count of large devia tions ) 037 
IGO=l 038 
A!LINE,21 =O. (ini t ialization) 039 
AlLINE,31 =O . 040 
DO 205 1=31,LROW 04 1 
A(LINE,2l =A !LI NE ,2l +A(l,131 (sum of ~-coord~) 042 
A!LINE,3) =A(LI NE, 31 +A!I,141 (sum of y-coord~) 043 
A(LINE,21 =A ILI NE ,21/FK (me an of x's ) 044 
A!LINE,3) =A !LI NE ,3)/ FK ( me a n o f i' s) 045 
DO 208 1=31 ,L ROW 046 
A(l,lll=ABS IAII,13)-A!LINE,211 (~-deviation from me an) 047 
IF(2-NDEVl206,206,209 (209: li ne 0 56) 048 
A(L,111=0. 049 
GO TO 209 050 
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c 
c 

c 

207 
152 

153 
209 

214 

155 
215 

154 
216 
218 

217 
220 
198 

197 

221 

2 24 

223 

225 

22 8 

229 

227 
230 

DO 152 1=31,LROW 
A(J,ll)=ABS (A(l,14)-A(LINE,3)) 
IG0=2 

(_l-devi ation f rom mean) 

1Fl2-NDEV)l53,153,209 
A(M,11)=0. 
l=31 
J=31 
J:J+l 

( findi ng larges t deviation) 

IF(J-LROW)l55,155,154 
IF(A(L,lll-A(J,11))215,214,214 
L=J 

( 154: line 063) 

GO TO 214 (214: line 058) (217 : line 072; 
IF(A(L,11)-0.000025)217,217,216 test f o r e xcessive deviation ) 
1Fl2-NOEVJ203,203 ,218 (203: l i ne 0 28 ) (only one is permi tted) 
PRINT 505,IPLATE,Al31,12l ' (error mes s a ge) 
All,131=0. (dele t e t he observations f or 
A(L,14)=0. t he excessive ima~e ) 
FK=FK-1. 
NDEV=2 (count o r excesses ) 
M=l 
GO TO 219 (219 : l i ne 03 8) (end o f deviation analy~i s ) 

(20 7: line 051 ) 
(24-0 : line 1 25 ) (tiducial s o r images ) 

(221: line 083) 
(accounti ng for a l l fiducials) 

(image no. for next poin t) 
(x- coordi na t e ) 
(z-coordi na t e ) 

GO TO (207,2201,IGO 
GO TO (198,240),ITRANS 
LINE=LINE+l 
IF(N+30-LINE)22ltl97,197 
Al31,12)::A(LROW+l,12) 
Al31,13J=A(LROW+l,13) 
Al31,14l=A(LROW+l,14) 
1=31 
GO TO 241 

CORRECT X,Y FOR COMPARATOR 
(241 : line 026) 

ERROR RY USING MATRIX FOR FILM 
SHRINKAGE ANO ORIENTATION 

LROW=N+30 
00 223 1=31,LROW 

OF PLATE 

051 
052 
053 
054 
055 
056 
057 
058 
059 
060 
061 
062 
063 
064 
065 
066 
067 
068 
069 
070 
071 
072 
073 
074 
075 
076 
077 
078 
079 
ORO 
ORl 
082 
08 3 
084 

All,NPU =All,NPl) - A(l,21 
A (I , NP2 l : A (I, NP2 ) - A ( I , 3) 
Alltll =l. 1. 

xy 
4 o r 
x2 
y2 

( cor. to obs . x .of fidoo!al. J085 
( cor. to obs . j_ o f fi duc1al.)086 
(coefficien ts f'""o r 0 87 

A(l,4) =A(l,2) •A(J,3) 
IFlLROW-34)223,223,224 
A(l,5) =A(l,2J •A(l,2) 
A(f,6) =A(J,3) •A(f,3) 
A(l,7) =A(l,4) •A(l,3t 
A!l,8) =A(l,51 •ACI,3) 
CONTINUE 

~~ 

8 fi d s . 
observation e qu ations 08 8 
f or 0 89 
polynomial corr- 09 0 
ection (Eqs. 1 or 2, 091 
Tech. Bull. No . 25)) 092 

FORMATI ON AND SOLUTION OF NORMAL EQUATI ONS 
00 225 I =l, N 

093 
094 
095 
096 
097 
09 8 

00 225 J=l , NP2 
A(l,Jt=O. 
DO 225 K= l, N 
A(l,J) =A!I,J)+A(K+30,Il•A(K+30,J) 
DO 227 I = l,N 
SOR=SQRT (A(J,I)) 
DO 228 J = l,NP2 
A(l,J) s A(J,JJ/SQR 
lf(l-Nt229,230,230 
IPl= l+l 
DO 227 L= IPl,N 
DO 227 J=L,NP2 
AIL,JJ =A(l,Jl-All,LJ•All,Jt 
A(N,NPll =A(N,NPlt/AIN,Nt 
AlN,NP2) =A(N,NP2)/A(N,N) 
00 231 l=l,NMl 
NMl • N-1 

27 

(no rmal equa tion f orma t ion) 
(forward solu tion ) 

(230 : line llO) 

(back solution) 

099 
10 0 
10 1 
102 
103 
104 
105 
106 
107 
108 
109 
11 0 
111 
11 2 
11 3 



c 

c 

c 

c 

c 

c 

NMIPl:NHl+l 
DO 232 J=NHIPl,N 
AINHl,NPl)=AINHl,NPl)-A(J,NPl)•AINMl,J) 

232 AINMJ,NP2)=AINHI,NP2l-AIJ,NP2l•AINMl,J) 
AINMJ,NPl)=AINHJ,NPll/AINHI,NHII 

231 AlNMl,NP2)=A(NHJ,NP2)/AINMl,NHI) (end of back solution) 
PROCESSING NONFIDUCIAL IMAGE READINGS FROM COMPARATOR 

237 ITRANS=2 
NROW=O (row in B where mean x a nd ~ are stored) 
GO TO 238 (238: line 0 23) (to read i mage coordina t es ) 

239 IFIAl3lel2)-AII,12lll51,150,151 (151: line C34; (seque nce che ck) 
240 NROW=NROW+l 150 : l ine 030 ) 

RlNROW,NCOL) =Al31,12l (image number ) 
BINROW,NCOL+ll=Al31,2l (da ta transfer) 
81NROW,NCOL+2l=Al31,3l 
IFIITEST>l97.l97,242 (197 : line 076) (test f or l ast i mage ) 

CORRECTION FOR COMPARATOR ERROR, FILM SHRINKAGE AND ORIENTATION 
242 DO 243 I=l,NROW 

DO 243 K=NP1,NP2 
IFIN-41244,244,245 

244 Al31,ll= All,Kl +Al2,Kl•B(l,NCOL+ll 
1BIJ,NCOL+ll•A(l,NCOL+2l (Eq. 1, 

GO TO 246 

(! designa t es ~ or .I.) 
(4 or 8 f iduci als ) 

+A(3,Kl•8(J,NCOL+2l +Al4,Kl• 
Tech. &ill. 25, 4 fi ducials) 

245 Al31,ll= A(l,Kl +A(2,Kl•BII,NCOL+ll +A(3, Kl •BII,NCOL +2l +Al4,Kl• 
lB(J,NCOL+ll•R(J,NCOL+21 +A(5,Kl•Bll , NCOL+ll••2 +A(6, Kl •B!I,NCOL+2l 
2••2 +Al7,Kl•BIJ,NCOL+ll•Bll,NCOL+2l••2 +A(8,Kl•Bll,NCOL+ll••2•Bll, 
3NCOL+21 (Eq. 2 , Tech. BulJ. 25, tl fidu cials) 

246 IFI K-NPll261, 261,262 
261 X=Al31,ll+B(l,NCOL+ll (correc tion applied) 

GO TO 243 
262 BIJ, NCOL+2l=Al3l,ll+BII,NCOL+2l 

B I I , NC 0l+ 1 l = X 
243 CONTINUE 

CORRECTION FOR FOCAL PLANE TILT (asymmetric distortion) 
257 DO 247 I=l,NROW (247 : line 162) 

X=Al42 , 31•BI l,NCOL+ll +Al42,4l•BI l,NCOL+2l (ro t a tion ) 
Y=-Al42,4l•RII,NCOL+ll +Al42,3 l •BII,NCOL+2l (rota tion) 
BII,NCOL+ll=X+Al42,51•X•X (corre ction ) 
BI J, NCOL+2 l =Y+A l4 2,5 l•X•Y (corre ction) 
X=Al42 , 3 l • Bl l,NCOL+ll - A(42,4l • RI l,NCOL+21 (counter ) 
Y=Al42,4l • 81 1,NCOL+ll + Al42,3l • AII,NCOL+21 (ro tation) 

CORR ECTION FOR LENS DISTO~TION A~D AT~OSPHERIC REFRACTI ON 
FK=SORT IX•X + Y•Yl (image radial distance) 
K=FK•lOOO. 
F=K 
D= l.+lllOOO.•FK-Fl•ITIK+2l-TI K+ll l + T(K+lll •.000001 +Al42,ll + 

1FK•FK•A(42,2l (correction fa ctor for l en s and a tm . ) 
B (I , NCO L+l) = x • D (correction app lied. ; f i nal 

247 Bll,NCOL+2l = Y • D r efined coordinate s ) 
8(50, NCOll = NROW 
IF(Al41,5l-l.l259,l46,259 

146 K=NCOL+2 
DO 14fl l=l,NROW 

148 PUNCH 509,(8(1,Jl, J=NCOL,K l 
PROCESSING PL ATES 2 AND 3 

259 DO 157 l=l, N 
All+30,NPll = A(43,ll 

157 AII+30,NPl+ll =A(46, ll 
NCOL=NCOL+3 

163 IF(NCOL-71248, 248,260 
SORTI NG TEST 

(fiducial coordina t e s for 
new photo) 

( 248 : line 020) 
(end of coordinate refinemen t ; 

260 IF(N8AD1211,210, 211 ( 210 : line 190 ) begin photo ori entation) 

28 

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 
142 
143 
144 
145 
146 
147 
148 
149 
150 
151 
152 
153 
154 
155 
156 
157 
158 
159 
160 
161 
162 
163 
164 
165 
166 
16 7 
168 
169 
170 
171 
172 
173 
174 
175 



211 DO 329 l=l,6 
L=l/2 
J=BII,7l/100000. 
FK=J•lOOOOO 
FK=R{l,7l-FK 
IFIRl55,ll-FKl213,212,213 

213 IF1Rl56,ll-FKl329,212,329 
212 1Fll-2•lll21,121,122 
121 DO 123 J=7,9 
123 BlI,J>=Bll-1,J) 

GO TO 329 
122 DO 124 J=7,9 
124 Bll,Jl=Bll+l,Jl 
329 CONTINUE 
210 DO 130 J=4,7,3 

00 130 K=l,12 
I=BlK,Jl/100000. 
FK=l•lOOOOO 
FK=B(K,Jl-FK 
I=BlK+6,J-3)/lOOOOO. 
0=1•100000 
D=BlK+6,J-3)-0 
IFlFK-Dll31,130,131 

131 PRINT 506, BIK,Jl,BIK+6,J-3l 
GO TO 352 

130 CONTINUE 
NBAD=O 

72 IEND=O 
ITRANS=l 
GO TOl164,324l,IBlOCK 

C THREE PHOTO ORIENTATION 
C C ARRAY ROWS l THROUGH 15 

164 DO 265 J=l,9 
C(l,J)=O. 

265 Cl2,Jl=O. 
324 DO 132 l=l,33 

DO 132 J=l,16 
132 Al 1,J)=O. 

DO 133 1=34,48 
K=l-33 
DO 133 J=Ktl6 

133 ACI,Jl=O. 
lROW=O 
IFllBLOCK-lll96,l96,269 

196 GO TO 1195,269),ITRANS 
195 J=l 

IGO=l 

(pu tti ng companion da ta 
in place of (bad) 

coordina t e s guil t y 
of excessi ve para llax) 

(329 : line 189) 

(so r ting test) 

( 3 52 : line 649 ) 

(initi al i. za ti on) 

(164: li ne 208 ; 324: line 211 ) 

(only for f irst triple t) 

(cleari ng memory) 

( skip on · f irst so l ution ) 
(269 : line 253) 

(for f irst photo of f i r st triple t) 
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176 
177 
178 
179 
18 0 
181 
182 
183 
184 
185 
186 
187 
18 8 
189 
190 
191 
192 
19 3 
194 
195 
196 
197 
198 
19 9 
200 
20 1 
20 2 
203 
20 4 
205 
2 0 6 
207 
208 
209 
210 
211 
212 
213 
214 
215 
216 
217 
218 
219 
220 
221 
222 



c 

264 

266 

267 

268 
271 
269 

170 
331 

263 

330 

272 

328 
94 

334 
275 
274 

129 
277 

142 

JP2=J+2 
DO 266 K=J,JP2 
Cl3,Kl =SQRTl1.-Cl2,Kl•Cl2,Kll 
Cl4,Jl=C(3,J+ll•Cl3,JP2) 
Cl5,Jl=-Cl3,J+l)•Cl2,JP2l 
Cl6,Jl=Cl2,J+ll 
CllO,Jl=-C l 2,J+ll•Cl3,JP2) 
Cl ll ,Jl=C l2,J+ll•Cl2,JP2l 
Cll2,Jl=Cl3,J+l) 
CllO,J+ll=Cl4,Jl•Cl2,Jl 
Clll,J+ll=Cl5,Jl•Cl2,Jl 
Ctl2,J+ll =C l 2,Jl•Cl2,J+ll 
Cll 0,JP2 l =-Cl4,Jl•Cl3,J l 
Clll,JP2l=-Cl5,Jl•C(3,Jl 
Cll2,JP2l=-Cl3,Jl•Cl2,J+ll 
Cl4,J+ll=Cl3,Jl•Cl2,JP2l + Cll2,J+ll•Cl3,JP2l 
Cl5, J+ll=Cl3,Jl•Cl3,JP2l - Cll2,J+ll•Cl2,JP2l 
Cl6,J+ll=-Cl2,Jl•Cl3,J+ll 
Cl4,JP2l=Cl2,Jl•Cl2,JP2l + CllO,Jl•Cl3,Jl 
C(5,JP2)=Cl2,J)•C(3,JP2l + Clll,Jl•C(3,J) 
Cl6,J P2 l=Cl3,Jl•Cl3 ,J+ll 
DO 267 1=7,9 
C(l,Jl=O. 
C(l,J+ll=-C I I-3,JP2l 
CII,JP21=Cll-3,J+l) 
DO 268 l=J,JP2 
Cll3,ll=Cl5,ll 
C ( 14 , I l =-C ( 4, I ) 
Cll5tll=O. 
GO TO 1269,263,2721,IGO 
J =4 

(263 : line 259; 

(elements of 
r ota tion ma trix 
and thei r 
partia l 
de ri va ti ve s--Ea s . 
14, 22 , 23, and ·24 
of Tech. Bull. 21 ) 

272 : line 265) 

IG0=2 
IFIIBLOCK-1)170,170,264 
GO TOl33l,264),ITRANS 
Cll,Jl=Bll7,2) 

(for second photo of triple t) 

GO TO 264 
J=1 
IG0=3 
GO TOl330,264) ,ITRANS 
Cll,Jl=Bll7,5l+Cll,J-31 
GO TO 264 

(re s e t during i nitial t riple t) 

(i niti alize X
0 

II 

(264: line 223) 

(for t hird photo ) 

f or next t riple t) 

c ARRAY ROWS 16 THROUGH 21 AND E ARRAY (the AB products 
IGO=l and model coord. lis t ) 
NDEV=37 
LINE=42 
J=4 
JP2 =J+2 
K=l 
GO TO 194,289),IBLOCK 
M=4 
DO 334 L=l8r20 
M=M+3 

(count of image processed) 
(289 : li ne 297 ) 

(Equations 4 and 5 herein) 

+C ( H + l t I l *BI K, 6 ) +C I M + 2, I ) • ( -A ( 4 2 , 6 l ) 
(begin intersection routine - E:q. 61 

C!5,1)•8(K,6)·+ C!6,IJ•!-A!42,61l (x ",etc ) 

DO 334 l=J,JPZ 
CIL,I-31=CIH,Il•B (K, 5 1 
DO 274 1=4,6 
CC16,Il=Cl4,ll•B(K,51 + 
IF IIG0-41129,129,142 

*' * ' * ' DO 2 7 7 I= l, 3 ( x , y , z ) 
Cll6,Il=C(4,Il•RIK+6,21 + Cl5,Il•BIK+6,31 + C!6,ll•l-Al42 ,6 ll 
GO TO 278 
DO 143 1=7,9 *" -:i- " -:i-" ) (x , y , z 

30 

223 
224 
225 
226 
227 
228 
229 
230 
231 
232 
233 
234 
235 
236 
237 
23A 
239 
240 
241 
242 
243 
244 
245 
246 
247 
248 
249 
250 
251 
252 
25 3 
254 
255 
256 
25 7 
258 
259 
260 
261 
262 
263 
264 
265 
266 
26 7 
268 
269 
270 
271 
272 
273 
274 
275 
276 
277 
278 
279 
28 0 
281 
262 
283 



c 

c 

c 

143 

278 

233 
300 
289 

279 
254 

273 

280 

281 

171 

172 

344 
270 

89 
326 

327 
92 

282 

Cll6tl>=Cl4tl>•BIK-6tR> + Cl5tll•BIK-6t91 +Cl6tll•l-Al42,6)) 284 
J=1 285 
JP2=J+2 286 
Al40t3l=C(l6,J-3l/Cll6tJ-l> (u3' El:I. 5 ) 287 
Al40t4l =Cll6,J-211Cll6,J-l) (u~) 288 
Al40t2l=Cll6,Jl-At40,3)•Cll6tJP2) (u ) 289 
Al40,ll=Cll,JP2)•Cll6,Jl-ClltJl•Cll6,JP2l+Cll,J-3)•Cll6,JP2 - 290 

1Cll,J-ll•Al40,3>•Cll6,JP21 (u1 ) 291 
EIK,3l=A(40,l)IAl40,2) (Z) 292 
EIK,2l=ClltJ-2)+Al40,4)•1EIK,31-Cll,J-l)) (Y) 2~3 

EIK.ll=Cll,J-3l+Al40t3l•IEIK,3l-C(l,J-l>l (X) 294 
J=4 (for Cas e 5 image s ) 295 
JP2=J+2 296 
Cll7tJl = E(K,ll-Cll,J> [X Xo~ 297 
Cll7,J+l> =E(K,2)-Cll,J+l) y=y0 = B 298 
Cll7,JP2l=EIKt3)-C(l,JP2l z-z

0 
299 

M=4 300 
DO 279 L=l8t21 (AB products) 301 
DO 279 l =J,JP2 302 
CIL,J)=CI M,Jl•Cll7,J) + CIM,J+ll•Cll7,J+l) + CfMtJP2>•Cll7,JP2) 303 
M=M+l 304 
GO TO (273,273t290t292t273t292),JGO (290 : line 390 ; 292: l ine 401 ) 305 

COMPUTE p CONSTANTS (coeff . of obs . equa tion s --ta b l e 1) 306 
NCOL=l 307 
DO 280 L=l8t21 308 
A I 44 t NC OU= IA (Kt J+ U •CI Lt JP 2 l-1 -A I 42, 6 l l •C (Lt J l l IC ( l8t JPZ l (p u ••• Pl4) 309 
A I 45, NCOU = IB I K, J P2 l •CI Lt JP 2 >-I-A I 4 2 t 6 > l •CI Lt J+ U l IC 118, JP2 >(J2l ••• P24) 310 
NCOL=NCOL+l 311 
DO 281 l=JtJP2 312 
Al44tNCOU=IBIKtJ+ll•Cl6,I) - l-A(42,6Jl•Cl4tll>IC{l8tJP2l (pl5•••Pl7) 313 
Al45tNCOL>=IBIK,JP2l•Cl6tll - l - Al42t6l>•Cl5,llllC118,JP2) (P25•••P27) 314 
NCOL=NCOL+l 315 
IFllENOl344,344.l.7l ( i f I END = 1, compu t e resi dual parallax; 316 
IRR=IRR+l 344: li ne 325) 317 
R(JRR,l>::s8(K,J) } 318 
RIIRR,2J .. Al45tl) 319 
GO TO fl37,172,172,172t295t297l,IGO (residual p arallaxe s ; 320 
IRR::s I RR+l 137: line 380 ; 295: line 4o9 ; 321 
RURR,11•8(1<,JI 297: l i ne 420) 322 
RllRR,2)=Al44,l) 323 
GO TO 1137,137tl38,293J,JGO ( 138 : line 392; 2 93: line 403) 324 
GO TO ( 270 t 92 I , I BLOCK 32 5 
IF ( IG0-1189,89,92 (92 : line 3 34) 326 

COMPUTE s,r CONSTANTS FOR FIRST TRIPLET. STORE -Pll, -P21 327 
00 326 fs44,45 (Equation 5) 328 
All,8Js(l.1Al40,2))•(A(J,51•Al40,3J+A(J.6)•Al40,4J+AIJ,7Jl (Sl s2 ) 329 
H2 2 ' 330 
DO 327 l=l8,20 331 
A(4l,HJ=Cll7,JJ•CIL,J-l) - Cll7,JP2J•C(L,J-31 (T2 T T4) 332 
H=H+l ' 3, 333 
Al49,16J•-AC44,ll (storage of p 11 , p 21 ) 334 
AC50,16)s-Al45,ll 335 
DO 282 1249,50 (clear area to store 2 observation equations) 336 
DO 282 Hzltl5 337 
AII,MJ .. O. 338 
GO TO Cl34,13't,287,l39,134,139),IG0 (28 7 : li ne 35lf 1 39: line 355) 339 

COMPUTE CONTRIBUTION TO NORMAL EQUATIONS 340 

31 



t 

134 

283 

284 

285 

286 
287 

288 

139 

140 

141 

127 

128 
256 

88 
165 

93 
125 

126 

137 

276 
135 

136 

290 

138 

291 

292 

00 283 M=4,6 
A(49,M)=A(44,M-2)•10. 
Al50,M)=Al45,M-2)•10. 
00 284 M=7,9 
Al49,M)a-A(44,M-2) 

(scale fac tor for coe rf . 
of angular parameters) 

A(50,Ml=-Al45,M-2) 
GO TO (285,286),IBLOtK 
A(49,7l~O. 

( llXo 
II 

= o for firs t 
t riplet only) 

Al50,7):::0. 
IF(IG0-1)88,88,287 
00 288 Msl,3 
A(49,Ml=A(44,M+4) 
A(50,M)zA(45,M+4) 
GO TO 127 

(88: line 368) 
(transfer 6X, llY, ~Z coeff. 

for compressed format ) 

DO 140 M=l0, 12 
A(49,M)=Al44,M-8)•10. 
At50,Ml=A(45,M-8)•10. 
DO 141 M=l3tl5 
A(49,Hl=-A!44,M-8) 
A(50,Hl=-Af45,H-8) 
GO TO 287 
00 128 l=l,3 
LROW=LROWH 
DO 128 M=l,16 
A(LROW,Ml=AILROW,Hl + Al49,l)•A(49,H) 
AILROW,M)=AILROW,Hl + Al50,l)•Al50,Ml 
IF llG0-3)125,138,125 
GO TO (165,125),IBLOtK 
DO 93 1=49,50 
A(l,9)=Afl,9) +A(l-5,81•C!l6,J) 
DO 93 M=4,6 
A(l,M)=A(J,H) +A(l-5,8l•Al41,M- 2 1•10. 
DO 126 l=NOEV,LINE 
l=l-33 
DO 126 M=L,16 
All,M)=A(l,H) + Al49,L)•Al49,Ml 
A(l,M)=A!l,M) + A(50,Ll•Al50,Ml 

(127: line 362) 

(28 7: line 351) 

(con tri bu ti on to 
normal equa tions) 

(125: line 373' 138 : 

(apply ST- terms 
only for Case 3) 

(contribution to 
normal equa tions) 

341 
342 
343 
34't 

photo 2 345 
346 
347 
348 
349 
350 
351 
352 
353 
354 
355 
356 
357 

3 
358 
359 
360 
361 
362 
363 
364 
365 
366 

line 3~h67 
368 
369 
370 
371 
372 
373 
374 
375 
376 

GO TO 1137,137,137,293,295,2971,IGO 
INDE X VALUES FOR DI FFERENT CASES 

} 
(293 , 295, and 297 : lines 

403, 409, and 420) 

377 
378 
379 

K=K+l 
IF(K-61328,328,276 
IF(K- 121135,135,136 
IG0=2 
GO TO 1275,289),ITRANS 
LROW=O 
IG0=3 
K=7 
J=l 
GO TO 300 
K=K+6 
GO TO 273 
K=K-5 
IFIK-121289,289,291 
IG0=4 
LROW=O 
K=7 
J =7 
NDEV=43 
LINE=48 
GO TO 300 
K=K-6 
GO TO 273 

) 
(328 : line 271) 

(Cases 4 and 11, etc . ) 
(275: line 277; 289: line 297) 

32 

(Cases 2 and 9, etc.) 

( 300: 1 i ne 296) 

(289: line 297) 

(Cases 6 and 13, e tc .) 

()OO: line 296) 

(273: line 307) 

380 
381 
382 
383 
384 
385 
386 
387 
388 
389 
390 
391 
392 
393 
394 
395 
396 
397 
398 
399 
400 
401 
402 



293 

294 

295 

345 
346 
296 

2'H 

194 
113 
192 

234 
235 
177 

174 
176 

175 
178 
340 
341 

342 

339 
343 

183 

185 

184 

182 

253 

K=K+7 
IFIK-12)289 ,289, 294 
IG0=5 
NDE V=37 
LI NE= 42 
GO TOl275,233),ITRANS 
K=K+l 
GO TO 1345,346),ITRANS 
IFIK-181275,275,296 
IFIK-18)289,289,296 
IG0=6 
LROW= l8 
J=7 
K=l3 
NDEV=43 
LI NE= 48 
GO TO 300 
K=K+7 
IFIK-181289,289,194 

l 

IF llEND>298,298,173 (to lea st 
IFllBLOCK-1)192,192,234 
l=l 
GO TO 235 

(289 : l ine 297) 

(Case s 5 a nd 12 , etc. ) 
(275: l ine 277 ; 233 : l ine 295) 

(289 : line 297) 

(Cases 7 a nd 14, e t c . ) 

( 289: line 297) 
squares or r esidua ls )(298 : li~e 

(analyze for resi duals 
in proper c a s es ) 

480) 

IFIM-54)174,174,175 
IFIABSIRII,2>> - ABSIR(M,2111176,177,177 
l=M 

( finding largest 
absolu re resi dual ) 

(177: line 428 ) 

~=r.l } 
GO TO 177 (168 : line %81 
IFIABSIRll,211-Al4ltllll68 ,168,178 ( test : 168 if ok; 178 if bad") 
lfll - 6)339,339,340 (339 : line 4J+O}(i dentifica tion of ba d r e sidual) 
IFII-42)341, 341,339 
L=l/2 
IF II-2•Ll342,342,339 
PRINT 514,R(f,l),R(l,21 
GO TO 343 
PRINT 507,Rll,ll,Rll,21 
NBAD=NBAD+l 
GO TO (182,183,1841,NBAD 
J=RII,ll/100000. 
FK=J•lOOOOO 
FK=R(ltl) - FK 

(error message) 

(error message ) 
(c oun t or exce ssive r e siduals) 

(182 : line 451; 184 : line 449) 

I F IABS IRl 55 ,1J - FKl - 1. 1185 ,1 85 ,1 82 
PRINT 511 

(both ima ges b a d?) 
(e r r or me ssage) 
(352 : line 61.j'.9) 
(error mes sage) 

GO TO 352 
PR I NT 513 
GO TO 352 
J=RII,ll/100000. 
FK=J•lOOOOO 
Rl55,1J=Rll,l)-FK 
GO TO 1253 , 236 1,NBAD 
Rl56,ll=R(55.ll 

(bypass) 

33 

403 
404 
405 
406 
407 
408 
409 
410 
411 
41 2 
413 
414 
415 
416 
41 7 
418 
41 9 
420 
421 
422 
423 
424 
425 
426 
427 
428 
429 
430 
431 
432 
433 
434 
435 
436 
437 
43 8 
4 3 9 
440 
44 1 
442 
443 
444 
445 
446 
447 
44 8 
449 
450 
451 
452 
453 
454 
455 



c 

236 DO 187 I=l,18 
l=l/2 
H=l 

186 NCOL=H+2 
J=B(J,H)/100000. 
FK=J•lOOOOO 
FK=B(l,M)-FK 

338 
190 

188 
249 

189 
193 
158 
336 

159 
337 
187 

IFlH-4)338,188,189 
1FlR(55,ll-FK)l90,l93,l90 
H=4 
GO TO 186 
IFlRl55,ll-FKl249,193,249 
M=7 
GO TO 186 
IF(R(55,ll-FKl187,193,187 
IFII-2•lll58,158,l59 
00 336 J=H,NCOL 
8(1,J)=B(l- l,Jl 
GO TO 187 
DO 337 J=M1 NCOL 
BII,Jl =B ll+l,Jl 
CONTINUE 
GO TO 72 

SOLUTION OF NORMAL EQUATIONS 

(187 : line 477) 

(s~arch storage for the bad 
data 'and replace it wi t h 
companion da ta) 
(18e : line 467; 189 : line 470) 

(193 : line 471 ) 

( 186: line 459) 

(187 : line 4 77) 
(159: line 475) 

(72 : line 203) 

298 LINE=l (Gauss eli mina tion with s quare 
NROW=O r oot t echni que a s shown in 147 
DO 310 M=l,12 Appendi x 12, Te ch. Bull. 21 , 
LROW=LINE+2 but appli ed here to t he 
00 309 l=l,3 "compre ssed" forma t ; same 
NROW=NROW+l solution a s applied on line 095. ) 
SQR=SQRTIAINROW 1 1)) 

DO 308 J=I,16 
308 A(NROW,J> = AINROW,J)/SOR 

IF (1-31307,310,307 
307 K=NROW+l 

Mf=I 
00 309 L=K, LROW 
ME=HE+l 
DO 309 J=ME,16 

309 A(L,J)=A(L,J)-A(NROW,ME>•AINROW,J) 
310 LINE=LI NE +3 

K=3 
DO 30 1 L=37 ,48 
K=K+l 
DO 301 I =l,36 
DO 301 J=K,16 

301 A(L,J) =A (L,J) - A(l, K)•A(J,J) 
149 DO 302 1=37,48 

K= 1-33 
IF I A (I, Kl l 299, 302, 299 

299 SQR=SQRT(A(l,K)) 
DO 303 J =K ,16 

303 A(l,Jl =A (J, J)/SQR 
IF 11-48 )304 , 306,306 

304 IPl=I+l 
DO 335 L= IPl, 48 
K=K+l 
DO 335 J =K ,16 

335 A(L,Jl =A IL,J) - A( l , Kl•All,J) 
302 CONTINUE 

34 

(J02 : line 515) 

(306: line 516) 

(end of forward solution) 

456 
457 
458 
459 
460 
461 
462 
463 
464 
465 
466 
467 
468 
469 
470 
471 
472 
473 
474 
475 
476 
477 
478 
479 
4 80 
481 
48 2 
483 
484 
4A5 
486 
487 
488 
489 
490 
491 
492 
493 
494 
495 
496 
497 
498 
499 
5 00 
501 
502 
503 
5 04 
505 
506 
50 7 
508 
509 
5 1 0 
511 
512 
5 13 
5 14 
515 



c 

c 

c 

306 Al48,l6)=Al48,l6)/Al48,15) 
DO 311 I= l, ll 
NMI=48-I 
K=NMI-32 
DO 305 J=K,15 
IFIAINMI,K-1))305,311,305 

(begi n back s olution) 

305 AINMl,l6)=AfNMl,l6) -A(J+33,l6)•AINMl,J) 
AINMI,16)=AINMl,16)/AINMI,K-l) (camera parameters) 

311 CONTINUE 
LROW=ll 

313 DO 312 I=l,3 
L=I+LROW 
K=4-I 
NROW=48-l 
DO 315 J=4,15 

315 AfNROW,l6)=AINROW,16)-A(J+33,16)•AINROW,Jl 
IF II-21312,316,317 

316 AINROW,16l=AINROW,161-AINROW+l,161•AINROW,31 
GO TO 312 

317 AfNROW,l6)=AfNROW,16)-A(NROW+2,l6)•AfNROW,3) 
A(NROW,l6l=AlNROW,l6)-A(NROW+l,l6)•AINROW,21 

312 A(NROW,l61=AINROW,l6)/A(NROW,K) (object coordina t es ) 

( 313~ li ne 526) 
314 DO 144 1=37,39 

~=O~~~OW-441313,313,314 ) 

144 A(l,l6l=All,l61•10. 
00 145 1=43,45 

(rescaling factor for angu l a r 
parameters) 

(end of back s olution ) 
ARRAYS 

145 A!l,l61=All,16l•l0. 
ADO LEAST SQUARES RESULTS TO C ANO E 
00 321 J=4,6 
Cl2,Jl=Cl2,Jl+A(J+33,l6l 

321 Cll,Jl=Cll,Jl+AIJ+36,l6l 
DO 322 J=7,9 
C(2,J)=C(2,Jl+A(J+36,l6l 

322 Cll,J)=Cll,J>+ACJ+39,161 
M=l 
DO 325 1=7,18 
DO 325 J=l,3 
Ell,Jl=E(J,J)+A(H,161 

325 H=M+l 

(applica tion of 48 computed 
adjus t ments) 

TEST MAGNITUDE OF CORRECTIONS FOR ORIENTATION PARAMETERS 
DO 318 1-..37,39 
IFIABS!All,1611-.00001)318,318,319 

318 CONTI NUE 
DO 320 1=43,45 
IFlABS!A(J,16ll-.00001)320,320,319 

320 .CONTINUE 
IEND=l 
IRR=O 

319 ITRANS=2 
GO TO 324 

X Y Z OUTPUT FOR PASS POINTS 

) (test of angular corrections: 
must all be less than 
.00001 radian--about 2 
arc seconds) 

168 PRINT 512 
L=<O (si gnal for 

(line 211 for repeat ) 
(objec t coordi na t e s) 

(from line 433) 
f i nding reliabilities ) 

GO TOl323,332),IBLOCK 
323 Kzl 

332 
160 

GO TO 160 
K=7 
M=l2 
DO 161 l=K,H 
J=BlI,41/100000. 
FK=J•lCOOOO 

35 

(for fir st t riplet ) 

(for subsequent triplets) 

(1 61 : Jine 589) 

516 
517 
518 
519 
520 
521 
522 
523 
524 
525 
526 
527 
528 
529 
<;30 
531 
532 
533 
534 
535 
536 
531 
538 
539 
540 
541 
542 
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 
511 
572 
573 
574 
575 
576 
511 



c 

c 

c 

180 

179 

161 

181 

357 

333 
226 

349 

351 
348 

255 

347 
360 

358 

258 

FK=B!l,41-FK 578 
IF!l-61179,179,180 579 
NCOL=I+L 580 
X = SQRT ((R (NCOL,21••2+R!NCOL+l,21••2+R! NCOL+l2,21•• 2+RINCOL+l3, 58 1 

12l••2+R! NCO L+24,2l••2 +R! NCOL +25,2l••2l /6.l (objec t reliability) 58L 
PRINT 5 09 ,FK,(Ell,Jl, J=l ,3), X } 583 
PUNC H 509,FK,!El l,Jl,J= l,3),X 5R4 
L=L+l (objec t no., X, Y , Z, a nd 585 
GO TO 161 sigma reliability) 586 
PRINT 509,FK, ! Ell,Jl,J=l,31,R(l,21 587 
PUNCH 509,FK 1 1EI I ,Jl,J=l,3l 1 R( 11 2 1 588 

CONTINUE } 589 
R(55,2l=O. (triplet reliability, 590 
DO 181 I=l,54 rms. residual parallaxes) 591 
R(55,2l=R!55,2)+ Rl l,21••2 592 
R!55,2l=SQRTIR!55,2l/42.I 593 
PRINT 510,Rl55,2l 594 

COMPUTE X Y Z OF OTHER OBJECTS (images , not used in ad jus t - 595 
PRINT 515 ment, lying i n photos l and 2) 596 
L=Bl50 1 41 597 
M=B!50,ll 598 
IF!L-181333,360,333 599 
IF!M-181226,360,226 600 
DO 347 K=l9,M 60 1 
J=BlK,11/100000. (search for other obj ec ts) 602 
FK=J•lOOOOO 603 
F K= B ( K, l l -FK 604 
DO 349 NCOL=l9,L 605 
J=BINCOL,41/100000. 606 
D=J•lOOOOO 607 
D=BINCOL,41-D 608 
IFIFK-Dl349,351,349 609 
CONTINUE * ' beg!ljl i ntersection routine : Eq. 6; 610 
GO TO 347 (347: line 629) xi~' , y , z ; see al so line 277) 611 
DO 348 1=1,3 612 
C!l6,Il=Cl4,ll•B(K,2l + C!5 ,ll•B(K,3l + C(6,ll•!-A!42,611 6 13 
DO 255 1=4 6 ( *" * " *") 6 14 t x , Y. , z 
C!l6,ll=C!4,ll•B!NCOL,5l+C!5,ll•B!NCOL, 6 l+C!6,ll•!-A (42 , 6ll 615 
Al40,31=Cll6,ll/Cll6,3l (u) 616 
Al40,4l=C!l6, 2 l/Cll6,3l (u3) 6 1 7 
A!40,2l=C!l6,41-Al40 ,3l•C(l6,61 (u~) 6 18 
A!40,ll=Cll,6l•Cll 6 e4l-Cll,4l•Cll6,61+Cll,ll•C!l6,6l-Cff' l,3l•A(40,3 619 

ll•Cf16,6l (ut ) 620 
E!l,31=Al40,ll/A(40,21 (Z 62 1 
E!l,2l=Cll,21+A(40,41•!E(l,31-C(l,3ll (Y' ) 622 
Ell,ll=C!l,ll+A(40,3l•!E!l,31-Cllt311 (X') 623 
E I 2 , 2 I= C ! 1 , 5 I +IC I 16, 5 I IC I 16, 6 I l •I EI l t 3 l -C I l , 6 l l ( yn) 6 2 4 
Y=E!2,2l-E!l,21 (Y- di fference ) 625 
E!l,2l=!E!l,21+El2,211/2. (mean Y) 626 
PUNCH 509,FK,(E!l,J),J=l,31,Y (obj e ct no ., X,Y,Z, Y- dif.C) 62 7 
PRINT 509,FK,!Ell,Jl,J=l,3),y 628 
CONT I NUE (end of intersection routine) 62 9 
IF !IPLATEl358,359,358 (359 : li ne 661) (1t;9 =RP to .next strip} 6 30 

OUTPUT OF RESI DU AL PARALLAXES FOR PAS S POl~fS INIRIPL ET 6 31 
PRINT 517 632 
DO 258 I = l ,54 6 33 
PRINT 509,R!I,ll,Rll,21 (image no. and r e si dual p arallax) 634 

PROCEED TO NEW TRIPLET 635 
PRINT 516 636 
18LOCK=2 (not first triplet hereaf t e r) 6l 7 
DO 169 1=1,6 (shif t da t a i n E-a rray 638 
DO 169 J=l,3 to acconunodate new photo 639 

36 



169 Ell,J,=Ell+6,Jl 
DO 162 l=l,50 

in nex t t r i ple t) 
(shi f t da t a i n ~-array) 

640 
641 

DO 162 J=l,6 642 
162 Bll,J)=BII,J+3) 643 

DO 166 I=l,15 (shi f t data i n ~-array) 644 
DO 166 J=l,6 645 

166 Cll,Jl=CII,J+3) 646 
NCOL=4 647 
GO TO 259 (259: l i ne 169 )(to refi ne coords . on new photo ) 648 

352 READ 518, IlO, 180 (fro~ lines 029 , 448 , or 450) 649 
IFl110)352,353,352 650 

353 IFll80)352,350,352 (350 : li ne 004) 651 
C OUTPUT DATA FDR RIGHT SIDE OF LAST TRIPLET IN STRIP 652 

355 PRINT 512 ( t hes e requi re spe ci al ou tpu t i n s t ructions ; 653 
DO 356 1=13,18 from line 022 ) 654 
J=Bll,l)/100000. 655 
FK=J•lOOOOO 656 
FK=Bll,1)-FK 657 
PRINT 509,FK,(Ell,J),J=l,31,RI 1+30,2) 658 

356 PUNCH 509,FK,IEll,J),J=l,3),Rll+30,2) 659 
GO TO 357 (357 : li ne 596) 660 

359 PRINT 519 (fr om line 630) 661 
GO TO 350 (350 : l i ne 004) 662 

500 FORMATl55H 663 
501 FORMATl1X,13,412X,El2.8)) (f orma t s t a t emen t s) 664 
502 FORMATl3X,I7,2Fl0.7,49X,ll) 665 
503 FORMATl15F5.l) 666 
504 FORMATl78H MEASURED FIDUCIAL MARK CARDS NOT IN SEQUENCE OR 2 BAO 667 

lREADINGS ON POINT-STOP) 668 
505 FORMATl38H DEV FROM MEAN OVER 25 MICRONS. PLATE 17, 7H POINT 17) 669 
506 FORMATl33H SORTING ERROR PREVENTS MATCHING 17, 5H ANO 17, 5H-STOP) 670 
507 FORMATl/15H YPARALLAX FOR I7,4H IS El4.8, 18H ANO EXCEEDS LIMIT) 671 
508 FORMATl2Fl0.7,Fl0.6,lX,ll) 672 
509 FORMATl3X,I7,412X,El4.8)) 673 
510 FORMATl29H RMS PARALLAX FOR TRIPLET IS El4.8/) 674 
511 FORMATl52H TWO BAD RESIDUAL PARALLAXES IN SAME LOCATION. STOP) 675 
512 FORHATl/71H PASS PT X Y Z 676 

l PRECISION/, 677 
513 FORMATl53H THREE BAD RESIDUAL PARALLAXES IN SAME TRIPLET. STOP) 678 
514 FORMATl/15H XPARALLAX FOR 17,4H IS El4.8, l8H ANO EXCEEDS LIMIT) 679 
515 FORMATl/71H OBJECT X Y Z 680 

l PRECISION/) 681 
516 FORMATl/27H N E W T R I P L E T/) 682 
517 FORMATl/33H IMAGE RESIDUAL X,Y PARALLAX/) 683 
518 FORMATII10,69X,Il, 684 
519 FORMATl/49H •• STRIP ANALYTIC AEROTRIANGULATION COMPLETED ••/) 685 

END 686 
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3EGIN EXEC UTION 
SHENANDOAH TEST KELL ER 

PA SS PT x 
53310 -. 357 89644 E- 02 
53311 - .48801101E-02 
53320 . 905 33380E-04 
53 32 1 -. l 1199702E- 02 
53 330 .1554873 3E- 02 
53 33 1 . 6 135408 1E-03 
553 10 . 96735567 E- Ol 
55 3 11 .93436697 E- 0 1 
55320 .9548 94 5 1E- Ol 
55 321 .99402 34 AE-O l 
55330 . 9 5289934E- 0 1 
55331 .95747967E-Ol 

RMS PARALLAX FOR TRIPL ET I S 

OBJECT x 
54101 . 5 1611306E- Ol 
542 0 1 • 4 0 25 8777 E- O 1 
54202 .38606402E- Ol 
5420 3 • 59152753 E-O 1 

APPENDIX 3 

SAMPLE OUTP UT DATA 

y l 

- .10 49 0047E-OO - .1494830 7 E-OO 
-.1008 3944 E- OO -.14978282E - OO 

. 8924 2252 E-Ol - .14821 8 13E-OO 

. 9 106377 3E- Ol - .148297 AOE-OO 

.12 2 6 8 79 8E- 02 -.14974039 E- OO 

.416 96 88 1E-02 - .14960564E- 00 
-.9 A688794E-Ol - .150 12582E - OO 
-. 94 86232 4 E- Ol - .15009049E- 00 

. 8 16 12377 E- Ol -.14841 302E- OO 

. A126 5 535E- Ol - . 148 79 252E- OO 
-.590 8 4449E- 0 2 -.149801 A4 E- OO 
-.77456 911 E- 02 - • l 496 9 7 29 E- 00 

. A999240 9E-0 5 
y l 

-. 2 30 A332 4 E- Ol - • 14988 4 73E-OO 
-. 30 378 924E- Ol - .15008 589E- 00 

. 62654600E- 0 1 - . 1483465 1E- 00 

.91726 891 E- Ol - .14880343E-00 

PRECISION 

.1 041 382 3E- 05 
- . 6202 1577 E- 05 

• 84007340F-05 
-. 14343610E - 04 

• A269924AE - 05 
• 23287359E-05 
• 6 12 39655E - 05 
. 20 17605 1E- 05 
. 74968997E - 05 
. 39892454E-05 
.34 13594 8E - 05 
.1447934 1E- 04 

PREC I SION 

- .1 2225755E - 0 4 
- .7608541 1E-05 

. 3 502 787 7E- 04 

. 35890879E - 04 

I MAGE RE S IDUAL X,Y PA RALL AX 

5553310 
5553311 
5553320 
5553321 
5553330 
5553331 
5555310 
5555310 
5555311 
5555311 
5555320 
5555320 
5555321 
5555321 
5555330 
5555330 
5555331 
5555331 
5355310 
5355310 
5355311 
5355311 
5355320 
5355320 
5355321 
5355321 
5355330 
5355330 
5355331 
5355331 

.1041382 3 E-05 
-.62021577 E-05 

• 84007340 E- 0 5 
-.l4343610 E-04 

.82699248E-0 5 

.23287359 E- 0 5 

.9327 0483 E- 0 5 
-.794ll012 E- 05 
-.1580 9175 E- 05 
-.31 6 44825 E- 0 5 

• 84l2734 2 E-0 5 
-. 76 799 ll 3E-0 5 

.79581674E-06 
-.11678 l43E-05 
-. 39770597E-06 
-.31462637E-05 
-.17238939E-04 

.23172118E-04 
-.49298034E-05 

.3748081 8 E-0 5 
-.8579422 2E-0 6 

.14108645E-0 5 
-.12510351E-0 4 

.31850189E-05 

.64212468 E-0 5 

.94293370E-06 
• 54 766433E-0 5 
.18127576E-05 
.59052563E-05 

-.lll93853E-04 
38 

5755310 
575531 0 
5755311 
5755311 
5755 320 
5755320 
5755321 
5755321 
5755330 
5755330 
5755 3 31 
57553 31 
555 7310 
5557311 
555 7320 
5557321 
555 7330 
5557331 
5757310 
5757311 
5757320 
5757321 
5757330 
5757331 

-.448 16428E-05 
. 40652920E-05 
. 238 1 22 16E-05 
.1 8 74 65 02E-0 5 
. 39376063E-0 5 
. 50 306 994 E- 05 

-. 71570671 E- 05 
-. 37711037 E-06 
-. 50 772 705 E-05 

. 894564 84E-06 

.ll 5648 69 E- 04 
-.113955 79 E-04 

.1 4 151 2 17 E-04 
-.1 5 195 7 5 7 E-0 4 

• 3637 595 3E-05 
-.568 49126 E- 05 

. 49524667 E-05 
-.6969224 8E- 06 
-. 141331 89 E- 04 
.15l 79651 E-04 

-. 36 1694 0 3 E-0 5 
• 565 2 lA46 E-0 5 

-.4936 1861 E-05 
. 6945330 7 E- 06 



N E w T R I P l E T 

PASS PT x y z PREC I S IO "I 

57310 .19685858E-OO -.94761097E-Ol -.14879012E-OO .94427729E-05 
57311 . 20109013E-OO -.96000876E-Ol -.14887045E-OO .10182143E- 04 
57320 .17916543E-00 .72024436E-Ol -.14968916E-OO .31420015E-05 
57321 .17994485E-OO • 77393830E-O l -.l499l328E-OO .37188630E-05 
57330 .19079637E-00 -.14023073E-Ol -.l4949546E-OO .34787204E-05 
57331 .18799377E-00 -.14639882E-Ol -.14935495E- OO .31108058E-05 

RMS PARALLAX FOR TRIPLET IS .67355076E-05 

ORJECT X Y Z PRECISION 

57101 .l8772743E-OO .2174A908E-Ol -.14860573E-OO -.73609661E-05 
57102 .20649986E-OO -.37618655E-Ol -.l4848957E-OO -.2 8685370F.-04 

IMAGE 

5755110 
5755311 
5755320 
5755321 
5755330 
5755331 
5757310 
5757310 
5757311 
5757311 
5757320 
5757320 
5757321 
5757321 
5757330 
5757330 
575 7331 
575 7331 
5557310 
5557310 
5557311 
5557311 
5557320 
5557320 
5557321 
5557321 
5557330 
5557330 
5557331 
5557331 

RESIDUAL X,Y PARALLAX 

-.49340023E-05 
.l9932285E-05 
.31316965E-05 

-.78889442E-05 
-.49433705E-05 

• l l 708137E-04 
-.l0047758E-04 
-.26322978E-05 

.l0318781E-04 
-.31079709E-05 
-.50340647E-05 
-.3390R046E-05 

.72248485E-05 
.13705137E-05 

-.65944408E-05 
.21917562E-05 
.20014523E-05 
.54928892E-0 5 
.l8709553E-04 
.17102155E-05 

-.19995641E-04 
.10359686E-05 
.l2184548E-05 
.15216017E-05 

-.45752607E-05 
-.58095674E-06 

.29939572E-05 
-.11843809E-05 

.68086586E-06 
-.25838716E-05 

39 

/

5957310 
5957310 
5957311 
595731 l 
5957320 
5957320 
5957321 
5957321 
5957330 
5957330 
595 733 l 
5957331 
5759310 
5759311 
5759320 
5759321 
5759330 
5759331 
5959310 
5959311 
5959320 
5959321 
5959330 
5959331 

-. 86065690 E-05 
-.25318338E-06 

.96855153E-05 
• 33483454E-05 
.38735553E-05 
.18945561E-05 

-.26986835E-05 
-.59ll8145E-06 

.35773056 E-05 
-.10746522 E-05 
-. 27503211E-0 5 
-.30299831E-05 

.26388754E-05 
-.90378364E-06 

.76503545E-05 
-. 49113866E-05 

.20869778E-05 
-.34799021F.-05 
-.26201979E-05 

.89759505E-06 
-.76519014E-05 

.49l23909E-05 
-.20798755E-05 

.34680138E-05 



N E W T R I P L E T 

PASS PT x y 

59310 .27988529E-OO -.10369292E-OO 
59311 .28416134E-OO -.92901768E-Ol 
59320 .25862512E-OO • 71456399E-Ol 
59321 .26464685E-OO .8l279635E-Ol 
59330 . 27067878E-00 -. l3053l99E-O1 
59331 . 27499725E-OO -.67276654E-02 

RMS PARALLAX FOR TR I PLET IS .39l51794E-05 

OBJECT 

57101 
57102 
58201 
58202 
58203 

IMAGE 

5957310 
5957311 
5957320 
5957321 
5957330 
5957331 
5959310 
5959310 
5959311 
5959311 
5959320 
5959320 
5959321 
595932 1 
5959330 
5959330 
5959331 
5959331 
5759310 
5759310 
5759311 
5759311 
5759320 
5759320 
5759321 
5759321 
5759330 
5759330 
5759331 
5759331 

x y 

.187 72741E-OO .21747172E-01 

.20649200E-OO -.3762018lE-Ol 
• 228445 71 E-00 -.66054557E-Ol 
.22265536E-OO .l4521583E-Ol 
.23499474E-00 • 95385 311 E-0 l 

RESIDUAL X,Y PARALLAX 

-. 6633 7l 94E-05 
• ll65 l 929E-04 
.56880966E-05 

-.59788407E-06 
.28382516E-05 

-.34098048E-05 
-.l4019464E-05 

.25723960E-06 

.l2165082E-06 
• 373l l857E-05 

-.65706620E-05 
-.27766165E-05 

.404999 7 8F-05 
-.47400888E-05 
-.30093013E-05 

. 29631 7 31E-05 

. 20718161E-05 

. 37839977E-07 

.33255888E-05 
• l 71 l9712E-07 

-.85915335E-06 
-.19972040E-05 

. 95594355E-05 

.180791 09E-05 
-.56634701E-05 

.22506588E-05 

.4742 0 102E-05 
-. l3616981E-05 
-.15657868E-05 
-.28979830E-07 

40 

l PRECISION 

-.l4831305E-OO .1 6772242E-05 
-.14859103E-OO .l9202635F-05 
-.149l6230E-OO . 50830674E-05 
-. l4929011E-OO .37816085E-05 
-.14923874E-OO .28382214E-05 
-.l4918678E-OO .l 0808649E- 05 

l PRECISION 

-.14860265E-OO .52423619E-05 
-. l4843111E-OO .4778 8144E-05 
-.14932824E-00 .94l62065E-05 
-.l4989373E-OO • 42568371 E-05 
-.14925019E-OO -.15190122E-05 

6159310 
6 159310 
6159311 
6159311 
6 159320 
6159320 
6 159321 
6 15932 1 
6159330 
6159330 
6 159331 
6 159331 
5961310 
5961311 
5961320 
5961321 
5961330 
5961331 
6161310 
6161311 
6161320 
6161321 
6161330 
6161331 

-.19042097E-05 
-.40126386E-06 
.7036 7039E-06 

-. l 72215llE-05 
-. 2990476 1E-05 

.74 023531E-06 

.16608681E-05 

. 26520959E-05 
- .l7461674E-05 
-.l7625927E-05 
-.51232272E-06 

.2751482 7 E-07 
-. 20490990E-05 
-.21147399E-05 
- • 4 7343562E-05 

. 81 113957E-06 

.1 0321889E-05 

. 23113964E-05 
.20465530E-05 
.21128308E-05 
.47508021E-05 

-.81412177E-06 
-.10333605E-05 
-.23142706E-05 



N E W T R P L E T 

PASS PT x y 

RMS 

61310 .37499200E-OO -.10234928E-OO 
61311 .37168721E-OO -.90533163E-Ol 
61320 .3599R069E-OO .80540364E-Ol 
61321 .35500071E-OO .88501422E-Ol 
61330 .36420005E-OO -.ll26R382E-Ol 
61331 .36695106E-00 -.49132698E-02 
PARALLAX FOR TRIPLET IS .26998418E-05 

OBJECT x y 

(no other objects) 
IMAGE RESIDUAL X,Y PARALLAX 

6159310 -.22814537E-05 
6159311 .45556840E-06 
6159320 -.31206877E-05 
6159321 .14505689E-05 
6159330 -.16516194E-OS 
6159331 -.40129606E-06 
6161310 .18144683E-OS 
6161310 .88752726E-06 
6161311 .28404313E-05 
6161311 -.26737437E-05 
6161320 • l644ll65E-05 
6161320 .53092901E-05 
6161321 .12321616E-05 
6161321 -.56238784E-05 
6161330 -. l 7611291E-05 
6161330 -.45221873E-06 
6161331 -.98790367E-06 
6161331 .30575698E-05 
5961310 -.25467676E-05 
5961310 -.579l6759E-06 
5961311 -.22262058E-05 
5961311 .l2659346E-05 
5961320 -.68048561E-05 
5961320 -.31404690E-05 
5961321 .24922473E-OS 
5961321 .30557538E-05 
5961330 -. 13384959E-06 
5961330 .13199652E-06 
5961331 • 3 7l 98352E-05 
5961331 -.12415160E-05 

41 

z PRECISION 

-.14703934E-OO .13851582E-05 
.20101664E-05 
.44377066E-05 
.33906290E-05 
.10855465E-05 
.24783106E-05 

-.14723326E-OO 
-.l4894973E-OO 
-.14896807E-OO 
-.14796910E-OO 
-.14823463E-OO 

z PRECISION 

6361310 .73537625E-06 
6361310 -. 26408571 E-06 
6361311 -.63461239E-06 
6361311 .143747R2E-05 
6361320 .51901400E-05 
6361320 -.20399979E-05 
6361321 -.37481940E-05 
6361321 .24968130E-05 
6361330 • 18973411 E-05 
6361330 .35937154E-06 
6361331 -.27331394E-05 
6361331 -.l9180376E-05 
6163310 .28766038E-06 
6163311 .25167857E-06 
6163320 -.13631598E-05 
6163321 .24244557E-05 
6163330 -.12646255E-05 
6163331 .38814770E-06 
6363310 -.28868785E-06 
6363311 -.25271660E-06 
6363320 .13559260E-05 
6363321 -.24117026E-05 
6363330 .12641649E-05 
6363331 -.38807849E-06 



N E W T R p L E T 

PASS PT x y z PRECIS I ON 

63310 .47073677E-OO -.90066817E-Ol -.1482 5424E- OO .46898144E- 05 
63311 .46806829E-OO - . 93370103E-Ol -.147A411 8E- 00 .29089646E -05 
63320 .44598274E-00 .81673586E-01 -.14882245E-00 .27B3909 4E- 05 
63321 .44247019E-OO .81611415E-Ol - . 14890571E-OO .385131 76E -05 
63330 . 45637547E-OO - . 76967909E-02 -.l4860223E-OO . ll629019 E- 05 
63331 . 4 5457533E-OO - . 10653795E-Ol -.14894084E- OO .455901 54 E-0 5 

RMS PARALLAX FOR TR I PLET IS .35873358E-05 

OBJECT x y z PREC I S IO~ 

61101 .36080768E-OO .42430300E-Ol -.1465691 8 E- OO . • 122082 7 7E-04 

I MAGE RESIDUAL X,Y PARALLAX 

6361310 - . 49808825E-06 
6361311 -. 15716965E-0 5 
6361320 . 4l796517E-05 6163331 -.42797677E-05 
6361321 - . 50903363E-0 5 6163331 -.20549191E-05 
6361330 • l 9263030E-05 6563310 .350863 79 E- 0 5 
636133 1 -.26559448E-05 6563310 .478 15359E-05 
6363310 -.16489497E-05 6563311 - . 55 170 l46 E-05 
6363310 -;.856528 90E-05 6563311 -.1463994BE-05 
63633 11 • 2 ll 25294E-05 6563320 .49807017E-0 5 
6363311 .l3925639E-05 6563320 - . 4721253.6E-0 8 
6363320 -.64335893E-06 6563321 -.68935330E-05 
6363320 .13296853E-05 6563321 - . 20120167E-05 
6363321 .1398725 8E-05 6563330 .31523627E-06 
6363321 .22084A 82E-05 6563330 - . 16752355E-06 
6363330 .1768 3444E-05 6563331 . 86 371516 E-05 
6363330 .62309563E-06 6563331 -.460 34989E-06 
6363331 -.426991931:-05 63653 10 - . 91736901E-06 
6363331 .30206 135E-05 6365311 • l 71 70494 E- 05 
6163310 -.l99 12899E- 05 636532 0 -.11945579E-05 
6163310 .40919536E-05 6365 32 1 .18220645E-05 
6163311 .34173222E-05 6365330 . 83208060(-06 
6163311 -.33408596E-06 6365331 .2660936 1E-05 
6 1633 20 - . 429 32058 E-05 6565310 .910 87945E-06 
6163320 -.10391861E-05 6565311 -.17053559E-05 
6163 32 1 .54949702E-05 6565320 . ll 99088 7 E-05 
6163321 - . 63112847E-06 6565 32 1 - . 1828 7713 E-05 
61633~0 -. 20756988E-05 6565330 - . 830853 60 E-06 
6163 33 0 -.40347403E-06 6565331 -.26562696E-05 

42 



N E W TRIPLET 

PASS PT x y 

653 10 . 5 7086508E +OO -. 7813 7519E-0 1 
65311 . 5620540RE +OO - . 84 6 41670 E-O l 
65320 . 53692224 E+OO .88630803E-01 
6532 1 . 5393052 7 E+OO . 89034264 E-O l 
65330 . 5484662 9E +OO • 50892365E-03 
6533 1 .54903813E+OO -.44326984E-02 

RMS PARAL LA X FOR TRIPLET IS . 2692R 170E-05 

OBJEC T 

64 10 1 
65101 
65102 
65 103 
6420 1 
64202 
64203 

IMAGE 

65633 10 
65633 11 
6563320 
656332 1 
656333 0 
6563331 
6565310 
65653 10 
65653 11 
65653 11 
6565320 
6565320 
6565321 
6565321 
6565330 
6565330 
6565331 
656533 1 
6365310 
6365310 
63653 11 
6365311 
6365320 
6365320 
6365321 
636532 1 
6365330 
6365330 
636533 1 
636533 1 

x y 

. 51013875E +OO .78743011E-Ol 

.53322245E +OO . 87952933E-O l 

. 53469359E+O O . 86832486E-O l 

. 54705 145E+OO .50846896E-01 

.49935179E-OO - .7420 2697E-Ol 

.4864 04 44E-OO .17206909E-01 

.479 71 35 4E-OO . 96866 767E-Ol 

RESIDUA L X.Y PARALLAX 

.30830644E-05 
- .59865228E-05 

.4463056 6E-05 
- .74539008E-05 

.39728928E-06 

. 87004867E-05 

.10804817E-07 
-. 16 493406 E-0 5 
- . 86 186886E-06 
- .1176589 1E-05 

.12266 195 E-05 
- .ll959483E-05 
- . 16137 145E-05 

.1 83216 18E-05 

. 43979236E-06 

. 55100456E-06 
- . 39557778E-05 

.101 77383 E-05 
- . 204 13046E-05 

. 66 127129E-06 

. 2593059 4 E-05 

.75039913E-06 
-. 18 1894 82E-05 

. 53054279E-06 

.19395590E-05 
-.86453163E-06 
.l 5073030E-05 

- .l260 1203E- 06 
.955012R5E-06 

-.68959631E-06 

43 

l PRECISION 

-.14642514E-00 .1 45969 72E- 05 
- • 14 727393E- OO .143494C)6E- 05 
- • 14897329E-OO .11175805E-05 
-.14917578E-OO .1 3983690 E-0 5 
-.14698233E-OO .1 0706 127E- 05 
-.14701733E-00 . 2 1229526E- 05 

l PRECISION 

-.14867232E-OO .2353 1647E-05 
-.14811613E-00 - .83 560287E-05 
-.14803 794E-OO .7268238 1E-05 
-.14799122E-00 -.11879918E-04 
-.14727433E-00 .1105R97 9E-05 
-.14768329E-00 - • 97587724E-05 
-.14951353E-00 .2208 1476E-05 

6765310 
6765310 
6765311 
6 765311 
6765320 
6765320 
6 76532 1 
6765321 
6 765330 
6 76 5330 
6765331 
6765331 
6567310 
65673 11 
6567320 
6567321 
6567330 
656733 1 
6767310 
6767311 
6 767320 
6767321 
6767330 
6767331 

.20792361 E- 05 

.10660339 E-05 
-.16860526E-05 

. 3 1220742E-06 
. 64563287E-06 
• 74 306 1 l 7E-06 

- . 39741900E-06 
- .1050941 6E-05 
- .1 9664064E-05 
- .475026 17E-06 

. 29656269E-05 
- .41840208 E-06 

.1784 53R4E-05 
- . 6 1607019E-06 
- .173477 60E-05 

. 2808899 2E-05 
-. 25753674 E-06 
- .35209940 E-06 
-.18016819E-05 

.62304649E-06 

.17526791 E-05 
- . 28 344945E-05 

. 26089710 E-06 

.35639486E-06 



N E W T R I P L E T 

PASS PT x y 

67310 .66270196E+OO -.80464761E-Ol 
67311 .65958781E+OO -.85021949E-Ol 
67320 .64304825E+OO .97587518E-Ol 
67321 .63646451E+OO .93408413E-Ol 
67330 .64974177E+OO .80239767E-02 
67331 .65068974E+OO .44291091E-02 

RMS PARALLAX FOR TRIPLET IS .21775514E-05 

OBJECT 

66101 

IMAGE 

6765310 
6765311 
6765320 
6765321 
6765330 
6765331 
6767310 
6767310 
6767311 
6767311 
6 76 7320 
6767320 
6767321 
6767321 
6767330 
6 76 7330 
6767331 
6767331 
6567310 
6567310 
6567311 
6567311 
6567320 
656 7320 
656 7321 
656 7321 
656 73 30 
6567330 
6567331 
6567331 

x y 

.60058726E+OO .34328562E-Ol 

RESIDUAL X,Y PARALLAX 

.29038178E-05 
- . 60048246E-06 

.14849730E-05 

.41988782 E-06 
-.20288A65E-05 

.29180593E-05 
-.11941968E-05 

. 20720542E-05 
- . 36967357E-06 
-.74839972E-06 

.14625930E-05 
-. 41913695E-05 
-. 26 734611 E-05 
-.16875314E-05 

.13991965E-05 
• 713 73893E-06 

-.36574382E-06 
.36834926E-05 
• 296 79205E-05 

-.64301835E-06 
-. l 7151567E-05 

.85581609E-07 
-. 2424 7302E-05 

.178789921=-05 

.30749'363E-05 

.10451524E-05 

.22737474(-05 

.64578R37E-07 

.86757447E-06 
-.167486l4E-05 

44 

z PREC IS JON 

-.14692896E-OO .18226272E-05 
-.14646996E-OO • l 1838373E-05 
-.14828096E-OO .24184447E-05 
-.14842689E-OO .18772208E-05 
-.14]94334E-OO .1 8986821E-05 
-.14787219E-OO .l8835410E-05 

l PRECISION 

-.14791425E-OO .20460242E-05 

6967321 
6967330 
696 7330 
6967331 
6967331 
6769310 
6769311 
6769320 
6769321 
6769330 
6769331 
6969310 
6969311 
6969320 
6969321 
6969330 
6969331 
6967310 
6967310 
696 7311 
6967311 
6967320 
696 7320 
6967321 

. 68156163E-06 
-. 37197186E- 05 
-.39036362E-06 
-.66922166E-06 
-.18917639E-05 

.l6973724E-05 
-.30593099E-05 
-.27461764E-05 
.1 82 76507E-05 

-.36764217E-06 
-.68174143E-06 
-. l 7191979E-05 

.30996173E-05 

.27553922 E-05 
-.18345763E-05 

.37060907E-06 

.68732091E-06 
-.19083729E-05 
-.11612031E-05 

.21439916E-05 
• 407771 OBE-06 
.11660890E-0 5 
.22250456E-0 5 

-.36944316E-06 



RMS 

l\J E W TR I P L ET 

PASS PT x 

693 10 . 75229957E+OO 
693 11 .75512 144 E+OO 
69320 .74186950E +OO 
6932 1 . 74096714E+OO 
69330 . 74590225E +OO 
6933 1 .74472014E+OO 
PARALLAX FOR TRIPL ET IS 

OB J ECT 

68106 
68111 
68 11 2 
68113 
68 114 
68 115 
6920 1 
69202 
69203 

x 

.704 3404 4 E+OO 
• 719346UlE+OO 
. 72 1023291: +00 
.71 806904 E+OO 
.71765966E +OO 
. 71274156£+00 
.74521 121E+OO 
.7416669 1E+OO 
.7361444 7 E+OO 

y 

-.7 231296 5E- Ol 
-.75 250082E- Ol 

.9969 3089E- Ol 

. 90659 76 7F-0 1 

.89059674E-02 

. 64 792074E-02 
. 26720223E-05 

y 

• 47779 50 1 E-0 l 
.20572955E-02 

- . 2253 1081E-O l 
- . 20365 7 38E-O l 
-.14170874 E- 0 1 
-.145992 16E-Ol 
- . 63400350E-Ol 

.1 2 127 71 2F. - 0 1 
• 10459250E- OO 

I MAG E RES I DUA L X,Y PARALLAX 

69673 10 
69673 11 
6967320 
696732 1 
6967330 
696733 1 
69693 10 
696<B l 0 
69693 11 
696931 1 
6969320 
6969320 
696932 1 
696932 1 
6969330 
6969330 
696933 1 
696933 1 
67693 10 
67693 10 
67693 11 
6 76 9311 
6 769320 
6769320 
6769321 
6 76932 1 

-.1 88 16959E - 05 
• 21979209[-05 
.ll535590E-05 

- . 4191247 1E-06 
- . 38598352E - 05 
-. 80 78 7094[-06 
-.2070 705 0 £- 05 
- . 281 75003F- 05 

.4200492 1E- 05 
-. 21777893E-05 

• 33656330E- OS 
- . 538 7 22 31E-05 
-. 9052 1975 £-06 

.29699653E- 05 
- . 77 042 877 £-06 

. 4 85 90694f- - 05 
-. 925 1 22~2E-06 

. 26506889E- 05 

.l3360178E-05 

.1 4880609E-0 5 
-.19312765E-05 

. 896 136 10E - 06 
-. 3092 1174E-05 

• 226 l 5463E-05 
. 28089605E-05 

-.l038l l 59E-05 

45 

l PRECISION 

-.147 59 110E- OO • l 76720 77E- 05 
. 23661646[- 05 
. 32542352E - 05 
. 2026 1498E-05 
. 26023148£ - 05 
.1 9989742E - 0 5 

-.l4758741E-00 
- .l483 l 3 19E- 00 
-.l48 l 0360E-OO 
-.l4792924E - 00 
-.l480896 7E- OO 

l PREC I SION 

- .14794899E- OO • 44 71 73 90E - 05 
-. 33 7071 08E - 05 -.1480 11 60E- OO 

-.14 806336E- OO -. 89 13854 6E - 05 
-.l4779362F- 00 . 42049020E- 05 

. 32986575£- 04 
• 3924994 2£-05 

-. 14802 194E- OO 
-.1 4755 590£-00 
-.l4795079E- OO -. 74 762831F- 05 

.1 9~3 l 64lE- 06 

.1 3198368F- 04 
-.148l6936E-OO 
-. 149 l 9983E-OO 

6769330 
6769330 
6769331 
6769331 
7169310 
71693 10 
71 693 11 
71 693 11 
7169320 
71 69320 
71 6932 1 
7 16932 1 
716 9330 
71 69330 
7169331 
716 933 1 
69 71 310 
6971311 
6971320 
6971 32 1 
6971330 
69 71331 
7171 310 
7171311 
7171320 
7171 32 1 
7171 330 
71 71331 

-. 85454292E-06 
-. 25030979£- 05 
- .1 858 1688E- 0 5 
-.l 5999868E-05 

. 670 72793E- 06 

.1 4362683F- 05 
-.2289173 1E-05 

. ll967906E-05 
-. 16l54965E-06 

. 28955352E - 05 
-.1 8723912E- 05 
-.1 5867543E-05 

• l 724 7111 E- 05 
-. 25412136 £-05 

. 285 74471 E-05 
-. l 3840633E-05 
-. 23960 191E- 05 

.11 562462E- 05 

. 236 74 940E-05 
-.396302 72 £-05 

.17903692E- OS 

.1 7644436£-05 

. 2386 31 26E- 05 
-.1152041 2E- 0 5 
-.23666 731 E- 05 

. 39630916E- OS 
-. l 7865647E-OS 
- .17608332£-05 



N E W T R I P L E T 

PASS PT x y 

71310 .83940856E+OO -.77102445E-Ol 
71311 .83259877E+OO -.78692773E-Ol 
71320 .82688536E+OO .93176628E-Ol 
71321 .82177887E+OO .94794191E-Ol 
71330 .83233104E+OO .8938642 8 E-02 
71331 .83039682E+OO .63983625E-02 

RMS PARALLAX FOR TRIPLET IS .43592721E-05 

OBJECT x y 

71101 .83161279E+OO .76991575E-Ol 
69201 .74521091E+OO -.63415279E-Ol 
69202 .74166652E+OO .12130741E-Ol 
69203 .73614394E+OO .10460215E-OO 

IMAGE RESIDUAL X,Y PARALLAX 

7169310 
7169311 
7169320 
7169321 
7169330 
7169331 
7171310 
7171310 
7171311 
7171311 
7171320 
7171320 
7171321 
7171321 
7171330 
7171330 
7171331 
7171331 
6971310 
6971310 
6971311 
6971311 
6971320 
6971320 
6971321 
6971321 
6971330 
6971330 
6971331 
6971331 

.15065232E-05 
-.14181872E-05 

.27086853E-06 
-.14786237E-05 

.12429278E- 05 

.24024083E- 05 

.12255611E-05 

.27334866E-05 
-.20528100E-06 

.64901675E-05 
-.16690603E-05 
-.25592704E-05 

.47882492E-05 

.l0808317E-04 
-.17754213E-05 
-.14346153E- 04 
-.46240072E-05 
-.31570724E-05 
-.24578848E-05 
-.15940430E-05 

.32337354E- 05 
-. 30974133E-05 

.23819837E-05 

.15082809E-05 
-.29712425E-05 
-.57581234E-05 

.22266135E-05 
• 75849ll9E-05 
.10384147E-06 
.15349501E-05 

46 

l PRECI S ION 

-.14709503E-OO .1A621431 E- 0 5 
-.14739851E-OO • 366 ll 366E- 05 
-.14829613E- OO .179364 04E- 05 
-.14858916E-OO .59354172E - 05 
-.14784785E- OO • 729735 27 E- 05 
-.14782062E-OO .3049930 5E-05 

z PRECI S ION 

-.14804231E-OO .50548506 E-05 
-.14797858E-OO .4244860 3E-05 
-.14818051E-OO .5207165 1E-05 
-.14920729E-00 -.35365046E-05 

7371310 
7371310 
7371311 
7371311 
7371320 
7 371320 
7371321 
7371321 
7371330 
7371330 
7371331 
7371331 
7173310 
7173311 
7173320 
7173321 
71 73330 
7173331 
7373310 
7373311 
73 73320 
7373321 
7373330 
7373331 

.12696773E-05 
-.12795551E-0 5 
-.28467995E-05 
-.31786523E-05 
-.76727293E-0 6 

.ll957351E-05 
-.158 09553E-05 
-.521002 13E-05 
-.75610514E- 0 6 

.68908281E-05 

.44319878E-05 

.15666956E-05 
-.41641444E-0 5 

.27735383E-05 
-.12126693E-0 5 
-.85024563E-0 6 
-.l9449170E-06 

.33652799E-05 

.41485437E-05 
-.27638587E-05 

.12202933E-05 

.85539326E-06 

.19476043E-06 
-. 33697l 93E-05 



R"4S 

N E w T R I p L E T 

PASS PT x 

73310 .92454890E+OO 
73311 .92474706E+OO 
73320 . 92035353E+OO 
73321 • 924204 72E+OO 
73330 .924653A9E+OO 
73331 .92190725E+OO 
PARALLAX FOR TRIPLET 

OBJECT X 

71101 .83l61251E+OO 
73101 .9l370408E+OO 

IS 

y l PRECISid'N 

- . 81569735E-Ol -.14729452E-OO .27658100E-05 
- . 77562439E-01 -.14787415E-00 • l 902874 7E-05 

.10029875E-OO - . 14976850E-OO .25891280E-OS 

.91173930E-Ol -.14937559E-OO .21215873E-05 

.77695036E-02 - • 14579056E-OO • 2714 7892E-05 

.1 0 125595E-Ol - . 1'1617966E-OO .26962879E-OS 
.2 82 17646E-05 

Y l PRECISION 

.77006986E-Ol -.l4807304E-OO -.29461142E-05 

.47497466E-Ol -.14846721E-OO .42021316E-05 

IMAGE RESIDUAL X, Y PARALLAX 

7371310 
7371311 
7371320 
7371321 
7371330 
7371331 
73 73310 
7373310 
7373311 
7373311 
7373320 
73 73320 
7373321 
7373321 
7H3330 
7373330 
7373331 
7373311 
7173310 
7173310 
7173311 
7173311 
7173320 
71 73320 
7173321 
7173321 
7173330 
71 73330 
7173331 
7173331 

.17329012E-OS 
-. 228546 68 E-05 
-. 37261167E-06 
- . 11360824E-OS 
-.1131372AE-OS 

• 40710976E-05 
.53184856E-05 
.1S l40407E-05 

-.29843688E-05 
.16581601E-05 
.97753033E-06 
.49707963E-05 
• 273902 78E-05 

-.18526076E-05 
- . 22945349E-05 
-.35151934E-05 
-.46176568E-05 
-.26806491E-05 
- . 26 7632 42E-05 
- . 76892985E-06 

. 29626424E-05 
-. 7196 7974E-06 
- . l4013206E-05 
- . 2483A8 10E-05 

• 898 7190 lE-06 
.l03l3506E-05 

-. l857018lE-05 
.l5620132E-05 
. 295 9A962E-05 
.l3602560f-05 

47 

7573310 
7573310 
7573311 
757 3311 
7573320 
7573320 
7573321 
7573321 
7573330 
7573330 
7573331 
7573331 
7375310 
7375311 
7375320 
73 75321 
7375330 
7375331 
7575310 
7575311 
7575320 
7575321 
7575330 
7575331 

-.26504097E-05 
-.73551620E-06 

. 24398872E-07 
- . 87969055E-06 

. 41332955E-06 
-. 250058 33E-05 
- . 365l9996E-05 

. 92945593E-06 

.41734304E-05 

.l8146860E-05 

.l6669377E-05 

. 13119500E-05 

.98425003E-06 
-.37954693E-0 5 
-.l9643031E-05 
-.89336845E-06 

.12032856E-05 

. 45558212E-05 
-.97817177 E-06 

• 3 7730904E-05 
.19683440E-05 
.89490457f-06 

-.l20080A9E-05 
- . 45466804E-05 



N E W T R I P l E T 

PASS PT x y 

75310 .10107981E+Ol -.84097612E-01 
75311 .10087023E+Ol -.79648415E-Ol 
75320 .10100563E+Ol .98697228E-Ol 
75321 .10127915E+Ol .93340995E-Ol 
75330 .10104919E+Ol .63965680E-02 
75331 .10079924E+Ol .55418386E-02 

RMS PARALLAX FOR TRIPLET IS .34188947E-05 

OBJECT 

73101 
75101 
75201 
75202 
75203 

IMAGE 

7573310 
7573311 
7573320 
7573321 
7573330 
7573331 
7575310 
7575310 
7575311 
7575311 
7575320 
7575320 
7575321 
7575321 
7575330 
7575330 
7575331 
7575331 
7375310 
7375310 
7375311 
7375311 
7375320 
7375320 
7375321 
7375321 
7375330 
7375330 
7375331 
7375331 

x y 

.91370532E+OO .47492361E- Ol 

.10279046E+Ol • 24 706813E-0 l 

.1017l811E+Ol .93146066E-Ol 

.10231662E+Ol .12166004E-Ol 

.10107997E+Ol -.89452611E-Ol 

RESIDUAL x.v PARALLAX 

-.40775322E-05 
-.12429223E-05 
-.99608989E-06 
-.466l4958E-05 

.47073310E-05 

.21380151E-05 

.59857929E-06 
-.60556115E-05 

.l9564999E-05 

.51757818E-07 
-.19749264E-07 
-.51836736E-05 

.263892B7E-05 

.63012l60E-05 
-.22295776E-05 

• 4597417 lE- 05 
-.21334510E-05 

.35736794E-06 

.l9510136E-05 

.32517482E-05 
-.60056533E-05 
-.34126486E-06 
-.4287l059E-05 

.23649170E-05 

.90090810E-06 
-.31052082E-05 
-.15638576E-05 
-.252!1374E-05 

.50276967E-05 

.85843897J:-07 

48 

z PRECISION 

-.14643802E-OO .3337059 5E-05 
-.14640893E-OO • 30684280E-05 
-.14878 291E-00 .35635525E-05 
-.14909259E-00 • 36353159E-05 
-.14796770E-OO .30159727E-05 
-.14799438E-OO • 25313471 E-05 

z PRECISIO N 

-.14844769E-OO -.34882446E-05 
-.14814656E-OO -.12319720E-05 
-.14906997E-OO .40465920E-06 
-.14858534E-OO .74912917E-05 
-.14672884E-OO .414613 32E-05 

7775310 
7775310 
7775311 
7775311 
7775320 
7775320 
7775321 
7775321 
7775330 
7775330 
7775331 
7775331 
7577310 
7577311 
7577320 
7577321 
7577330 
7577331 
7777310 
7777311 
7777320 
777732 l 
7777330 
7777331 

-.25904920E-05 
.29489149E-05 
.40577787E-05 
.10501873E-06 
.42992674E-05 
.26204514 E-05 

-.35199395E-05 
-.312728BBE-05 

.38318159E-05 
-.22326420E-05 
-.29004908F-0 5 
-.26274279E-06 

.19172800E-05 
• 1175 7820E-0 5 

-.10162567E-06 
.30418323E-05 
.47587137E-06 

-. 33523472E-05 
-.19238897E-05 
-.11 8 1191 5E-05 

.10101878E-06 
-.30248329E-0 5 
-.4754290 1E-06 

• 33500828E-05 



N E W T R P L E T 

PASS PT x y 

77310 .11027531E+Ol -.84354799E-Ol 
77311 .1096ll 74E+Ol -.95302445E-01 
77320 .11027229E+Ol .91497783E-Ol 
77321 .1102925RE+Ol .84056404E-Ol 
77330 .10996842E+Ol .10757402E-02 
77331 • l 1004813E+O l -.48244387E-02 

RMS PARALLAX FOR TRIPLET IS .36893490E-05 

OBJECT 

75101 
76101 
75201 
75202 
75203 

IMAGE 

7775310 
7775311 
7775320 
7775321 
7775330 
7775331 
7777310 
7777310 
7777311 
7777311 
7777320 
7777320 
7777321 
7777321 
7777330 
7777330 
7777331 
7777331 
7577310 
7577310 
75 77311 
7577311 
7577320 
7577320 
7577321 
7577321 
7577330 
75 77330 
7577331 
7577331 

x y 

.l0279031E+Ol .24705520E-Ol 

.10390832E+Ol -.85Rll425E-Ol 

.10l 71823E+Ol .93160056E-Ol 

.10231681E+Ol .l2164977E-Ol 

.10107998E+Ol -.89471752E-Ol 

RESIDUAL X,Y PARALLAX 

-.16865880E-05 
.48563705E-05 
.52749793E-05 

-.27304716E-05 
.34741110E-05 

-.32255801E-05 
-.33302533E-05 

.99302257E-05 

.72273439E-06 
-.45367509E-05 
-.24759080E-06 
-.34905744E-05 
-.31312338E-05 

.453834llE-05 

.36058628E-06 
-.85779669E-05 

• l3133977E-05 
.l9457544E-05 
• ll211511E-05 

-.50831562E-05 
.23933151E-05 
.24323216E-05 
.87847657E-08 
.l7924171E-05 
.396840R4E-05 

-.21762568E-05 
.22945101E-05 
.45083050E-05 

-.38438405E-05 
-.11570l52E-05 / 

49 

l PRECISION 

-.14717901E-OO • 52548188E-05 
-.14660103E-00 .28095934E-05 
-.14918502E-00 .17532627E-05 
-.14935879E-OO .30744801E-05 
-.14903125E-00 .45432653E-05 
-.l49l4504E-OO .21924884E-05 

z PRECISION 

-.148l3402E-OO .240R6263E-05 
-.14529203E-OO -.l2883851E-05 
-.l4909497E-00 -.28849947E-05 
-.14860771E-OO -.l2444613E-04 
-.l4675149E-OO - • 13936380E-04 

7977310 
7977310 
7977311 
7977311 
7977320 
7977320 
7977321 
7977321 
7977330 
7977330 
7977331 
797733 l 
7779310 
7779311 
7779320 
7779321 
7779330 
7779331 
7979310 
7979311 
7979320 
7979321 
7979330 
7979331 

.23316554E-05 
-.48421775E-05 
-. 3 l '832623E-05 

• 2 ll68688E-05 
.l9456581E-06 
• l 7l68221E-05 

-.75643621E-06 
-. 22927R l7E-05 
-.27617852E-05 

• 4 ll 326 74E-05 
.25515405E-05 

-.84077643E-06 
-.22665821E-05 
-.52515189E-08 

.73970682E-06 
-.28731076E-05 

.30399523E-05 
-.24051797E-06 

• 22720731 E-05 
.52641494E-08 

-.74182023E-06 
.28814620E-05 

-.30478447E-05 
.24116834E-06 



N E W T R t P L E T 

PASS PT x y z PRECISION 

79310 • ll 92 l 975E+O l -.92699266E-Ol -.l4808104E-OO .216024l6E-05 
79311 .11922917E+Ol -.9740R689E-Ol -.14780371E-OO .15626153E-05 
79320 .11926939E+O 1 .84443592E-Ol -.14R52323E-OO .40348860E-05 
79321 .1195 1786E+Ol .77607726E-Ol -.14R86'401E- OO .49393948E-05 
79330 .11920874E+Ol -.74563923E-02 -.14965842E-OO .2059030 7E-05 
79331 .11958080E+Ol -.87540093E-02 -.14965273E-OO .1892638 3E-05 

RMS PARALLAX FOR TR I PLET IS .31294962E-05 

OBJECT X Y Z PRECISION 

78101 .11530783E+Ol -.71180112E-02 -.14866590E-OO -.224091 38E- 05 

IMAGE 

7971310 
7977311 
7977320 
7977321 
7977330 
7977331 
7979310 
7979310 
7979311 
7979311 
7979320 
7979320 
7979321 
7979321 
7979330 
7979330 
7979331 
7979331 
7779310 
7779310 
7779311 
7779311 
7779320 
7779320 
7779321 
7779321 
7779330 
7779330 
7779331 
7779331 

RESIDUAL X,Y PARALLAX 

.22957630E-05 
-.32318902E-05 

.45723166E-07 
-.87938241E-06 
-.27344382E-05 

.25833745E-05 

.69962525E-06 

.218l8568E-05 

.12234158E-05 
-. l 7195330E-05 
-.45337261E-05 

.13542930E-05 

.76524991E-05 
-.53144241E-06 
-.194170b4E-05 

.88018769E-06 
-.ll613670E-05 
-.21023889E-05 
-.35216175E-05 
-. ll 595698E-05 

.13836371E-05 

.90658700E-06 
-.33559628E-05 
-.82679798E-06 

.15137529E-05 

.43684347E-06 

.40089925E- 05 
-.36170981E-06 
-. l 928 l 335E-05 

.95757102E-0 6 

50 

8179310 
8179310 
Rl79311 
8179311 
8179320 
8179320 
8179321 
8179321 
8179330 
8179330 
8179331 
8179331 
7981310 
7981311 
7981320 
7981321 
7981330 
7981331 
Rl81310 
8181311 
8181320 
8181321 
8181330 
8181331 

.28304l94E-05 
-.99610418E-06 
-.26ll4018E-05 

.80080505E-06 

.79405101E-05 
-.54338174E-06 
- .92217981E-05 

.13678792E-06 
-.20935533E-05 
-.55395922E-06 

.31213218E-05 

.ll603345E-05 

.13359331E-05 
-.75290705E- 06 

.22405540E-05 
-.23145676 E-05 
- .25776235E-05 

.20323268E-05 
-.13355463E-05 

.75253576E-06 
- .22432709E- 05 
.231R8499E-O~ 

.25786388 E-05 
- .20334925 E-05 



N E W T R P l E T 

PASS PT x y 

8 1310 .12814900 E+Ol -.9 5995762E-01 
81311 .12 842 64 8E +Ol -.10 144869E-00 
81320 .12939868E+Ol .75321044E-Ol 

RMS 

81321 .128 16039E +Ol .77704576E-01 
81330 .12885256E+Ol -.12862633E-Ol 
8 1331 .1285 05 74E+Ol -.12108245E-Ol 
PARALLAX FOR TRIPLET I S . 3460029 7 E- 05 

OB JECT 

RllOl 
Rl 20 1 
81202 
81203 

I MAGE 

8179310 
81793 11 
8179320 
8 l 79 321 
8179330 
817933 1 
8181310 
8181310 
8181311 
8 181311 
818 1320 
8 181320 
8 18 1321 
8 1Rl321 
Rl8 1330 
8 181330 
8 18 1331 
8 18 1331 
79813 10 
7981310 
7981311 
798 13 11 
7981320 
7981320 
7981321 
7981321 
7981330 
79Rl330 
7981331 
7981331 

x 

. 127023 73 E+Ol 

.12702783E+Ol 

.127l3770E+Ol 

.12609343E+Ol 

y 

.1 50 32234E-Ol 
-.11089846E-OO 
-.2828961 3E-Ol 

.619186 35E-Ol 

RESIDUAL X,Y PARALLA X 

.44692915E-05 
-.77506964E-06 

.95845311 E-05 
-.78835740E-05 
-.2235 1719E-05 

. 290 16102E-OS 

.15050043 E-06 

.46316467E-05 
-.19420451E-05 

• 20716725E-05 
-.1824 2442E-05 
-.40761328E-05 

.17455789E-05 
-.20822629E-05 

.24725976E-0 5 
-. 2 7895463E-06 
-.58454838E-06 
-.45054815E-06 

.38374522E-05 
-. 21732266E-05 
-.27272726E-05 
-.1122 8713E-05 

• 27268878E-05 
.20800373E-05 

-.30 212357E-05 
.94760616E-06 

-.44077409E-06 
.1479425 3E-06 
.5650415 1E-05 
.3 85952 18E-06 
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z 

-.14766 159E-OO 
-.14R21156E- OO 
-.14909922E- OO 
-.14902296E-00 
-.14929517E- OO 
-.14917432E- OO 

z 

-. l4936670E- OO 
-.14705106E-OO 
-.14937923E- OO 
-.14901852 E- OO 

8381330 
8381331 
8381331 
8183310 
8183311 
8183320 
81R332 l 
8183330 
8 18333 1 
8383310 
8383311 
8383320 
R3R3321 
8383330 
8383331 
8381310 
838 1310 
8381311 
8381311 
8381320 
83R l 320 
838 13 21 
838 1321 
8381330 

PR EC ISION 

• 32390270E-05 
.256~R519E-05 
.24695 248E- 05 
.1 8386 7ROE-05 
.13263475E-05 
.3118008 5E-05 

PREC I SION 

.1 0086739E - 04 

.1 5405759E- 05 

.50698207E - OS 
-. 53596084E - 05 

.10461698 E- 06 
-.507058 41 E-05 

.14098970E-07 

. 24478312 E- 05 
-.4863561 8E-05 
-. 24607024E-05 
-.43746992E- 0 7 

.12674070E- 05 
-.24098088E- 05 
-.24582.8 77 E- 05 
.48843208E - 05 
.245902R8E- 0 5 
.43723055 E- 0 7 

-. 12699273 E-05 
.24143042 E- 05 

-.39609400E-05 
-.2 5169375E - 05 

.46933249 E-05 
-. 89692779 E- 06 
-. 9 3309759 E- 06 
.2003 8579E-05 
.12624366E- OS 
.1132 2484E- 05 

-.20338434E - OS 



N E W T R I p L E T 

PASS PT x y 

83310 .1374l453E+Ol -.l0555860E-00 
83311 .13779850E+Ol -.10343409E-OO 
83320 .l3798417E+Ol .77087003E-Ol 
83321 .13804140E+Ol .72070094E-01 
83330 .l3780633E+Ol -.21537436E-Ol 
83331 .l3796028E+Ol -.16028906E-Ol 

RMS PARALLAX FOR TRIPLET IS .33230828E-05 

OBJECT 

81101 
83101 
81201 
81202 

IMAGE 

8381310 
8381311 
8381320 
8381321 
8381330 
8381331 
8383310 
8383310 
8383311 
8383311 
8383320 
8383320 
8383321 
8383321 
8383 330 
8383330 
8383331 
8383331 
8183310 
8183310 
8183311 
8183311 
8183320 
8183320 
8183321 
8183321 
8183330 
8183330 
8183331 
8183331 

x y 

.12702403E+Ol .l5029631E-Ol 

.13539794E+Ol .25987951E-01 

.12702771 E+Ol -.ll090994E-OO 
• l2713759E+O l -.28291360E-Ol 

RESIDUAL X,Y PARALLAX 

-.52551820E-05 
.32501064'=-05 

-.21080808 E-05 
-.21924195E-06 
-.18195350E-05 
- . 49139455E-05 

.53853222E-06 
-. 24 7022 l3E-0 5 

.19602219E-05 
-.93059280E-06 

.47482574E-05 

.34342330E-05 
-. 21179582E-05 

• 357136 16E-05 
-.l0908372E-05 
-.38382657E-06 

.12797213E-05 
-.29506993E-0 5 

.53743361E-05 

.13299849E-05 
-.79575403E-05 

.34661860E-06 
-.28247831E-06 
-.16516805E-0 5 
-.24838302E-05 
-.18483773E-05 
-.31842122E-06 

• l 7177347E-06 
-.54576456E-05 

.13970168E-05 
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z PRECISION 

-.14901741E-00 .34942890E-05 
-.14982676E-00 • 418561 71E-05 
-.15115593E-00 .31712561E-05 
-.15102966E-00 .29007514E-05 
-.15055634E-OO .76448540E-06 
- .15075914E-OO .32246758E-05 

z PREC ISION 

-.14934190E-OO -.55659959E-05 
-.14982946E-00 - • 67l 393AOE-05 
-.14706073E-OO -.ll523990E-04 
-.14938882E-00 -.66765597E-05 

8583310 
8583310 
8583311 
8583311 
8583320 
8583320 
8583321 
8583321 
8583330 
8583330 
8583331 
8583331 
8385310 
8385311 
8385320 
8385321 
8385330 
8385331 
8585310 
8585311 
8585320 
8585321 
8585330 
8585331 

-.59230996E-0 5 
.10643625 E- 0 5 
• 60417l25 E-0 5 
.68043345E-0 6 

-.44773517 E- 0 5 
-.17739129E-0 5 

.45654387E-05 
-.l6782845E-0 5 

• 141115 5 2 E-0 5 
.21707514E-0 6 
• 42045716E-0 5 
.16220097E-0 5 
.21400575E-0 5 
.75988672E-0 6 
.31 0 17500E-0 5 

-. 8 3270799E-0 6 
.16291686E-0 5 

-.10955136E-0 5 
-.21392036E-0 5 
-.75962143E-0 6 
-.30918325E- 0 5 

.83004826E-0 6 
-.16265521E-0 5 

.10936833E-0 5 



N E W T R 1 P L E T 

PASS PT x y z PRECISION 

85310 .14671304E+Ol -.98419130E-01 -.15045169E-00 .25808523E-05 

85311 .14617414E+Ol -.98407050E-01 -.15006825E-OO .21613553E-05 

85320 .14648890E+Ol .70B75763E-Ol - . 14725547E-OO .51048990E-05 

85321 .14693140E+Ol .68322271E-Ol -.14748489E-OO . 41713233f-05 

85330 .l4657260E+Ol -.22507687E-Ol -.15189230E-OO .45744655E-05 

85331 .14668425E+Ol -.19386067E-01 -.15151387E-00 .40553873E-05 

RMS PARALLAX FOR TRIPLET IS .42217090E-05 

OBJECT X Y Z PRECISION 

85101 .14432072E+Ol -.11960002E-01 -.15098546E-OO -.17881929E-05 

IMAGE 

8583310 
8583311 
8583320 
8583321 
8583330 
8583331 
8585310 
8585310 
8585311 
8585311 
8585320 
8585320 
8585321 
8585321 
8585330 
8585330 
8585331 
8585331 
8385310 
8385310 
8385311 
8385311 
8385320 
8385320 
8385321 
8385321 
8385330 
8385330 
8385331 
8385331 

RESIDUAL X,Y PARALLAX 

-.55982642E-05 
.63296310E-05 

-.41838844E-05 
.48069596E-05 
.12475624E-05 
.40336561E-OS 
.21824895E-07 
.62954396E-07 

-.26194201E-05 
.23660469E-05 

-.39824041E-06 
.75661694E-05 

-.16662206E-05 
-.64960966E-05 

.13557781E-05 
-.64819443E-05 
-.30322253E-05 

.27335856E-05 

.44670143E-05 

.54854900E-07 
-.86349080E-06 
-.12125535E-05 

.61616400E-OS 
-.36522493E-05 
-.34973630E-05 

.31586360E-05 

.48406344E-05 

.33224139E-05 
-.45983037E-05 
-.14662515E-05 
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8785310 
8785310 
8785311 
8785311 
8785320 
8785320 
8785321 
8785321 
8785330 
8785330 
8785331 
8785331 
8587310 
8587311 
8587320 
8587321 
8587330 
8587331 
8787310 
8787311 
8787320 

-.44716863E-05 
-.84545784E-07 

.3463352AE-05 
-. 11655409E-05 
-.56889699E-05 
-.39096463E-05 

.51057875E-05 
• 33386331 E-05 

-.61305883E-05 
.31058622E-05 
.75615386E-05 

-.124054T4E-05 
.89670879E-06 

-.24583373E-05 
• 301 l 7399E-05 

-.35710859E-05 
-.31623135E-07 

.20369487E-05 
-.90319201E-06 

.24749816E-05 
-.30091389E-05 



N E w T R I P L E T 

PASS PT x y z PRECI SI ON 

87310 .15547110E+Ol -.10830302E-OO -.15260555 E- OO .896708 79E-06 
87311 .15526836E+Ol -.10413071E-OO -.1529878 5E-OO -.24583373E-05 
87320 .15583441E+Ol .65431087E-Ol -.15159718E-OO • 3011 7399E-0 5 
87321 .15607373E+Ol .67830643E-01 -.15061562 E- 00 - • 35710 85 9E- 05 
87330 .15582184E+Ol -.27875887E-Ol -.15489962E-OO -.3162 3135E- 0 7 
87331 .15571583E+Ol -.27276497E-Ol -.15488082 E- OO .2036948 7E- 05 

OBJECT x y z PRECI SI ON 

86101 .15003767E+Ol -.40978735E-Ol -.15208533E-OO .405575 9 5E- 05 
87101 .15693540E+Ol -.97442138E-Ol -.1 53174 3 8 E-OO -.3474 8 14 1E- 0 5 
86201 .15061509 E+Ol -.10425217E-OO - .1 5 129183E- OO .7452 5891E- 05 
86202 .15012441E+Ol -.52430672E-Ol -.15210173E- OO .98865963E - 05 
86203 .14972888E+ Ol .31239519E-Ol -.154922 01E- OO .3 9045724E- 05 

•• STRIP ANALYTIC AEROTRIANGULATI DN COMPLETEO •• 
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