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Technical Bulletin Series

This series of Technical Bulletins was inaugurated to present primarily to the personnel
of the Coast and Geodetic Survey and incidentally to others technical information related
to the Bureau's scientific and techmcal activities, Since many of the bulletins deal with new
practices and new techniques, the wviews expressed are those of the authors and do not
necessarily represent final Bureau policy,

Technical Bulletin No, 29 describes a documented pr«  -am for computing the aerotriangu-
lation parameters of a strip of aerial photographs thru.gh an analysis of three photographs
simultaneously, advancing one photograph at a tim Corrections are included for lens
distortion, film distortion, atmospheric refraction, and earth curvature (if desired). Blunders
in the input data are detected and eliminated, and the rejection level is controlled by tke
user, The data are analyzed without reference to ground contrel which is imposed during a
subsequent program called strip adjustment, a description of which was published as Teck-
nical Bulletin No, 23, The source program, writtenin Fortran IV language, includes complete
test input and output data for an actual sequence of 17 photographs.
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(6) the allowable limit for residual parallax;
(7} the photograph and strip constants; (8) the
coefficients of two observation equations for the
triplet; and (9} the place for rearrangine the
coefficients of the observation equations . fit
the case distinctions prior to the normal equa-
tion contribution.

B. (50 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). The 3 space-model coordinates
of the 18 pass point objects.

R. (56 by 2)}. Image-identification nurnber and
X- and ¥-residual errors (parallaxes).

T. (151 by i}. Radial lens-distortion table.

INPUT FORMATS

A sample set of input data is included in ap-
pendix 1. This comprises a set of valid opera-
tional material which results in the output data
shown in appendix 3, through the application of the
prograrn given in appendix £,

The input consists of standard 80-column IBM
punch cards.

Eight READ statements are used and five
FORMAT statements are specified in the input
program, These statements are described in the
following list.

1. 350 READ 500
500 FORMAT (535H. . .

(004)%
{663)

Cne Card: Job title, ete.; 55 alpharmeric char-
acters, beginning in the first column.

2. READ 508 {A(42, J), J=1, 2},
A{41, 1), A(41, 5) (006}
508 FORMAT (2F10.7, F10.6, 1X, I1) (672}

OCne card of four sivipconstants:

2,1 and 2.2--The atmospheric refraction fac-
tors.

2.3--The parallax limit. A pass point image is
deleted if the residual exceeds this arbitrary
limit,

Z2.4--An indicator for block adjustment, If the
block is to follow, the refined-image coordinates
are output; otherwise not.

The camera-constants deck consists of for-
mats 3, 4, and 5, =z includes 15 or 19 cards,
depending on whether 4 or 8 fiducial marks are
used.
3. READ 501, N, (A{42, J), J= 3, 6}
501 FORMAT (1X, I3, 4(2X, EI2,8))

{007)
{(664)

One card, five words:

*The numbers on the right side refer to the corresponding
serial numbers in the Fortran program of appendix 2,
These numbers are key punched in the source program deck
afre 1, therel : do not ome a of

i
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3,1--The number of fiducial marks (four or

ht),

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

3.5--The calibrated focal length (in same units
as image coordinates) of the aerial camera lens,

{The unit in the example is the me .}

4, READ 502, (A(l + 30, 1),
(A{I+30, T+ 1}, J=N, NP1},
ITEST, 1=1, N)

502 FORMAT {3X, [7, 2F10.7, 49X,

{011}
T1) (665)
Four or eight cards, as specified in the first
ward of the previous card.
4,1--The fiducial-mark identification number,
4,2 and 4.3--The Xx-and y-coordinates of a
fiducial mark. The values are (1) based or. meas-
urements made on glass plates exposed cirectly
in the camera, {Z) referred to the principal point
as origin, {3) adjusted to include corrections for
calibration constants of the comparatcr, and
(4) stated in the example to seven decimals of a
meter,
5. READ 503, (T{D), I = 1, 151)
503 FORMAT (l5F5.1}

(012)
(666)

Eleven cards, containing the 151 symmetrical
radial-distortion factors, are effective at each
l-millimeter radius, Each factor is stated to 5
digits in fixed-point mode, and 15 factors are
punched on each card, except the last card which
contains only 1 number.

6. READ 502, IPLATE (021)
502 FORMAT (3X, I7, 2F10.7,

49X, I1) (665)

One number, containing from one te seven

digits, identifies the photograph being processed,

7. 204 READ 502, (A(l, J), T =12, 14),
1TEST (025)
502 FORMAT (3X, I7, 2F10.7,
49X, 11} (665)
Image coordinates, numerous cards, one card

per image, and four words:

7.1--The image-identification number,

7.2 and 7.3--The x- and y-image coordinates.
These coordinates are stated in terms of a meter
to seven decimals.

7.4--A number | in column 80 of a f:ducial-
mark card., This signifies the last card for that
photograph,

Input 7 is used twice for each pl ograph.
Firstly, the four or eight fiducial-marx zoordi-
nates are input, and the various factors (line 134
in this program and Equations 1 and 2 of Tech-
nical Bulletin No. 25}1¢ for coordinate refinement
are computed. Secondly, the coordinates of the
photographic images (nonfiducial images) are all
read in--the 18 pass points first, then all the
oth ses of imapges in any order. In both

LéKeller and Tewl 1,

foomote 3,


















triplet is computed as a 1 iability indicator; it
is composed of all the pass point parallaxes.

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

Cbjects other than pass points are not utilized
in the adjustment, but are computed through the
use of the intersection routine, and based on the
results of the general adjustment, Only those
objects are considered that are found intheover-
lap of the first two photographs of the triplet;
any others are considered, in turn, later, After
the objects (if any) are identified, theintersection

routine, although previously prograrmed in line
277 of section 12, is repeated in its entirety.
The solution will yield a y-parallax (or ¥-

difference) but no X-parallax, and only on one
photograph. The average Y -coordinate value is
output together with the ¥ -difference, which is,
in a sense, a criterion of reliability,.

23, Output of Residual Parallaxes for Pass Points
in Triplet {lines 631 to 634).

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

24, Proceed to New Triplet {lines 635 to 651).
The data in the B-, C-, and E-arrays are
shifted into the appropriate storage area to pre-
pare for the next photograph. The data pertaining
to the second photograph are substituted for those
of the first {erasing the first), and the data per-
taining to the third photograph are placed intothe
area formerly occupied by the second, Most data
for the third photograph remain also in their
former locations, and are used as the first
approximations for the new incoming photograph.
Then, the coordinates of the fiducial marks of the
new photograph are input; the new coefficients of

t! shrinkage polynomial are determined; and the
irmmage coordinates are input, are refinec by the
new coefficients, and finally a new strip is begun
with the new photograph in the third positi .

25. Output Data for Right Side of Last Triplet
in Strip {lines 652 to 662).

The object data near the center of the last
photograph would not be output otherwise, except
through this special attention, because these data
are held ordinarily until they can be analyzed
from all three photographs. The coordinates are
stored already; it is only a matter of printing
them.

26. Format Statements [lines 663 to 685).

All format statements, discussedinthe division
on ''Qutput Formats," are listed as the final
section of the program.

Operational Statistics

The program has been operated only on the
IBM-7030 (STRETCH) computer of the Nawval
Weapons Laboratory at Dahlgren, Virginia, Of
the core memory, consisting of 48,000 words of
64-bit length (14 digits}, the program used only
3,949 words, Compilation time for this Fortran
IV source program was 26 seconds, andtheaver-
age running time was 3.29 seconds per triplet,
A strip containing 19 triplets (21 photographs)
ran in 58.8 seconds,

In addition, the subsequent strip adjustment
program, described in Technical Bulletin No.
23,27 required 6 seconds to compute,

Based on a computer charge of $300 pex hour,
the total cost for computing the strip of 21 photo-
graphs for both programs was $5.50. Thus, the
computer cost per photograph was about 23,7
cents for the three-photo analysis, plus about 2.5
cents per photograph for the strip adjustment,
That low cost is attributed to the availability of
a very large and fast computer at a relatively
low hourly charge,

29Kelter and Tewinkel, see foomote 2.

Appendix-s

APPENDIX 1

SAMI E INPUT DATA

Although this listing is comprised of actual data, sorme preliminary processing has been

accomplished, Whereas real data have an appearance as shown in Aerotriangulation:

Image

Coordinate 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 m:

Ordinarily, the tenths column is always zero becau

t values to tenths of microns are indicated in the following data.

the least count of the comparator is

] micron, For some computers, the coordinates ofimages on the left side of the first photo-
graph and on the right side of the last photograph, shown here as zeros, should instead be

input as realistic dummmy numbers,



5 NANDOAH TEST KELLER

-uu00592

0004 +50555490+00

1
2
3
4

=2500-2500-2500-2333-2500-2400-2333-2286-2188-2222-2250-2091-2083-2077-2036 Sl
—-2000-1969-1941-1944-1921-1905-1890-1868-1848-1825~-1T796-1762-1726-1696-1666 S1
—1633-1587-1544~-1503-1465-1429-1394-1362-1332-1300-1263-1227-1193-1156-1118 51
=1080~-1041~1002-0963-0927-0890-0853-0815-0774-0731-0691-0652-0611-0569-0529 S1
-0488-0448-0403-0357-0313-0274-0235-0194-0154-0116-0079-0042-0007+0027+0062 51
+0100+40134+0169+0201+0233+4026540299+40332+40364+0395+40429+046340492+40517+0543 S1
+0566+0585+0600+06154+0630+0642+0654+0666+06T73+0681+0687+0690+0693+0694+0694 S1
+0695+0692+0682+40671+0660+0648+0636+0622+0606+0591+0574+0553+0532+0508+0483 S1
+045840434+040T7+03B0+0348+0314+0278+40240+0203+0167+0129+0089+0038-0019-0082 S1

-0025100 25

+1060021 +1060069
+1059948 -1059988
-1059941 -1059988
-1060002 +1060042

+862T9440+00

(refraction; rejection limit)
=33170000-03 15229000+00 (asymmetric 51

lens distorvion; f.1.) s1
(correct coordinates of fiduclal marks)

Falie - BE NI B N VRN N

~0144-0217-0292-0380-0468-0609-0738-0880-1084-1271-1448-1610-1769-1939-2114 S110

-2267

53
5300001
5300002
5300003
5300004
5352310
5352311
5352320
5352321
5352330
5352331
5353310
5353311
5353320
5353321
5353330
5353331
5355310
5355311
5355320
5355321
5355330
773331
5524101
5354201
5354202
5354203
5354205

55
5500001
5500002
5500003
5500004
5553310
5553311
5553320
5553321
5553330
5553331
5555310
5555311
5555320

(photo no.)
02309868 02361430
02310290 00240392
00188934 00240124
00188870 02361220

(no images used on )
initial side of
first photo)

01213123 00231547
01199953 00274997
01250307 02218183
01237867 02236403
01265310 01313247
01255730 01343237
02231770 00299073
02198420 00337773
02229853 02138673
02267417 02133187
02218830 01240820

02224043 01222083
01774290 01066197
01658330 00992397
01645970 01944183
01855087 02239903

01739543 Q0172467 _

02309288 02357424
02309338 00236306
00187898 00235494
00188236 02357630
00198877 00343943
00188930 00387327
00282577 02324850
00271153 02343140
00282710 01420660
00273103 01450860
01220127 00383430
01187883 00422687
01258423 02217343

{(sympetric radial
lens distortion)

(observed coordinates of fiducial marks)

{observed coordinates
of photographlec images)






5961321
5961330
5961331
5957101
5957102
5959101
5958201
5958202
5958203

61
6100001
6100002
6100003
6100004
6159310
6159311
6159320
6159321
6159330
6159331
6161310
6161311
6161320
6161321
6161330
6161331
6163310
6 3311
6163320
616 21
6163330
6163331
6161101

63
6300001
6300002
6300003
6300004
63561310
6361311
6361320
63561321
6361330
6361331
6363310
6363311
6363320
6363321
636 30
6363331
6365310
6365211
636..20
6365321
6365330
636 31
6361101
6364101
6365101
6365102

02181670
02172783
02205843
00421793
00546077
01443163
00740400
00771110
00980797

02308302
02308588
00187518
00187476
00267593
00325373
00269022
00341660
00289518
00339940
01228563
01209065
01293828
01253160
01227765
01263135
02211555
02183200
02159062
02123188
021606348
02137013
01257295

02307648
02308006
oolssBls
00186772
00280980
00265202
00390433
00351728
00302580
00340275
01263548
01232225
01250670
01215388
01232430
01210443
02304247
02199130
02175496
02198868
02181790
02180458
00332815
01892673
02142210
02156053

02202770
01187230
01248803
01712940
01092253
02423687
00783740
01599347
02400547

02354674
00233782
00233816
02354626
00434733
00540050
02219004
02309315
01359463
01417758
00326458
00452005
02192790
02278188
01267045
01327958
00343700
00310802
02104182
02107315
01193960
01166560
01818293

02360958
00240138
00239976
02360832
00451083
00575696
02306063
02392123
01384058
01443790
00446075
00414308
02204208
02207773
01293525
01266343
00413300
00365085
02152140
02151920
01248785
01197673
01933930
02089900
02155173
02142200
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631 103
6364201
6364202
6364203

65
6500001
6500002
6500003
6500004
6563310
6563311
6563320
6563321
6563330
65633131
6565310
6565311
6565320
6565321
6565330
6565331
6567310
6567311
6567320
6567321
6567330
6567331
6564101
6565101
6565102
6565103
6566101
6564201
65642
65642u3

67
6700001
6700002
6700003
6700004
6T¢ 310
6765311
6765320
6765321
6765330
6765331
6767310
6767311
6767320
6767321
6767330
6767331
6769310
6769311
6769320
6769321
6769330

6768106

02231630
01575598
01570453
0l608868

02308618
02308962
00187696
00187674
00281050
00245868
00363815
00330005
00297118
00276268
01294620
01193453
01270663
01295058
01218925
01215278
02226891
02188900
02357553

281424
02257048
02260318
00986775
01232493
01245040
01300393
01807615
00587338
00633568
00724198

02305054
2305448
00184216
00184166
00280130
00185870
00251788
00277353
00198395
00195630
01206063
01166123
01321138
01247895
01231488
01234728
02129002
02152610
02320102
02296583
Qrnimas
0
[v]l
01851650

01760900
00560170
01503893
02307573

02359254
00238270
00238116
02359128
00575140
00545533
02313848
023187130
01416363
01390435
00487013
00443768
02220975
02219470
01326020
01275158
00280355
00236914
02123923
02093016
01208248
01170008
02172433
02226065
02212825
01831410
01566810
00672505
01608598
023992178

02363854
00242806
1242660
02363606
609850
00563995
027 1462
02336018
01444943
01394215
00422795
00379375
02251463
02219910
01342513
01304680
00346832
00311810
02103424
02015135
0l11R1Q4n
011
016
Olé64113v
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07
11
12
13
6T6B114
677115
6T 201
6769202
6769203

69
6900001
6900002
6900003
6900004
6967310
6967311
6967320
6967321
6967330
6967331
6969310
6969311
6969320
6969321
6969330
6969331
6971310
6971311
6971320
6971321
6971330
6971331
69 7106
69 111
6968112
6968113
6968114
6968115
6971101
6969201
6969202
6969203

Tl
7100001
7100002
7100003
7100004
7169310
7169311
7169320
7169321
7169330
7169331
7171310
7171311
7171320
7171321
7171330
7171331
7173310

01739665
019229718
01896580
01871603
01877365
01828695
02070513
02165745
02264695

02304610
02304960
00183670
00183688
00300936
00262085
00249050
00179158
00244610
00251003
01230860
01257395
01262350
01245980
01230778
01216738
02120137
02047458
02123744
02071383
02113503
02091823
00836395
00953605
00951203
00922148
00923408
00871575
02160233
01165635
01190068
01208058

02304994
02305220
00183948
00183980
00403590
00431670
00346957
00334057
00361723
00349997
01297223
01226470
01214423
01162730
01247367
01226877
02178453

02378908
01159870
00908978
00935350
00998988
01002615
00452230
01222113
02157385

02356394
00235290
00235098
02356110
00457830
00410638
02301915
02263592
01379558
01342008
00474600
00442398
02241605
02151168
01311210
01287348
00354213
00345295
02105378
02124383
01242225
01217798
01742750
01262488
01009850
01033913
01098110
01096880
01937435
00573065
01347503
02290540

02357684
00236574
00236544
02357652
004978A3
00466827
02263007
02171977
01333557
01309007
00419043
00406543
02176410
02192513
01310517
01284867
00347477
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7978101
7981101
7981201
7981202
7981203

81
8100001
8100002
8100003
8100004
8179310
8179311
8179320
B179321
8179330
8179331
8181310
8181311
8181320
8181321

330

il
8183310
8183311
8183320
8183321
8183330
8183331
8181101
8183101
8181201
slel1202
8181203

83
{ 00001
8300002
8300003
8300004
8381310
8381311
8381320
8381321
8381330
8381331
8383310
8383311
8383320
8383321
8383330
£ 33331
8385310
8385311
8385320
8385321
8385330
8385331
8381101
“Tro1ol
-~ 101
8381201

00R175R4
02024272
02067716
02046438
01918076

02302194
02307730
00181s350
00181224
00292530
00292717
00261136
002390260
00282980
00320947
01218573
01249117
01305703
o1176920
01271243
01235080
02194646
02229417
02190318
02198430
02202633
02215940
01075270
01941510
01104053
01097650
00967453

02308660
02309050
00187688
00187624
00268450
00301570
00388765
00260547
00343203
00306673
01241345
01281250
01278970
01285477
ol2r22717
01287520
02212697
02158257
02186870
02233300
02178853
02192403
00152866
01( 3
ol‘JTIJJJ
‘0148654

01293816
01549094
00226856
01101016
02032838

02359770
00238658
00238446
02359472
00452004
00401347
022B06%6
02209070
01334870
01322577
00429350
0375877
0221 317
02239127
01303523
o131 .53
00351504
00379433
02253509
02202837
01235897
01293387
01587180
01723517
00266643
01139637
02069197

02357532
00236496
00236232
02357294
00461567
00407890
02248835
02271620
01333603
01341003
00373640
00401053
0227C )0
¢ 22003
01254 +0
01311517
00461127
00458760
02249067
02221197
01254803
01287093
01619756
01744672
01361424
00300284

24



giagl 2

85
8500001
8500002
8500003
8500004
8583310
a5¢ 311
8583320
8583321
8583330
B583331
B585310
8585311
8585320
85851321
8585330
8585331
8587310
8587311
A587320
B587321
8587330
8587331
8585101
8586101
8587101
8586201
8586202
8586203

8T
8700001
8700002
8700003
8700004
8785310
8785311
8785320
8785321
8785330
B785331
aT87310
8187311
8787320
8787321
BT8T330
87187331
8789310
B789311
8789320
8789321
87292330
8T 331
8786101
8787101
8786201
BT86202
8 6203

0016' >0

02304774
02305240
00183742
00183694
00298453
00343272
00352367
00357976
00340423
00356957
01271857
01215373
01229590
01277007
01249133
01260447
02183686
02159613
02208878
02240480
02196840
02185947
01013797
0ls610807
02332113
01680010
oL621030
01565060

02305434
02305856
00184406
00184410
00315498
00256050
00248366
00298230
00300567
00309393
01237970
01216617
01257410
01282450
01265420
01254543

00665327
01387710
00730113
00675777
00636380

END 0

F

01171900

02357722
00236518
00236088
02357438
00400757
00428082
02299527
02248764
01281487
01338717
00486480
00484280
02278170
02250240
01280767
01313223
00398212
00443760
02210814
02242733
01235707
01241750
01387970
01092697
00514673
00431387
00973910
01831170

02358908
00237710
00237436
02358664
00500624
00498010
02307068
02278290
01298987
01331883
00421130
00466153
02227873
02779707
01¢>3983
01259960

01110530
00537998
00449370
00991593
01851945

STRIP

INPUT

23

DATA


















233
300
289

279
254

273

280

281

172

344
270

a9
326

327
92

282

Cl16,1)¥=Cl4,1)2B0) 5,8) + C{5,1)eB(K-6,9) +C{6,L)=(-A142,6)) 284

J=7 285
JP2=J+2 286
Al40,3)=Cl16sJ=-3)/CL16,J-1) (u3, B. 5) 287
Al40,4)=Cl16,J-2)/C116,J-1) (u),) 288
AT40,21=Cl16,J 140,3)eC(16,JP2) {us) 289
A(40.1l=c11.JPZ)-CI16.J)-c11.J)-C(16.JPZ:+CI1,J—3;-Ct16.J92?— 290
1C{1,J-11%A(40,3)12C{16,JP2) {uq) 291
E{K+3)=A140,1)/A040,2) (%) 292
E(Ke2)=ClLlsJ-2)+A{40,4}2{E(K,3)-C{Llyd-1)) (Y) 293
ETKel)=C{l,J=3)+A140,3)2(E(Ks3)=-C(1,J-1)) (X) 294
J=4 (for Case 5 images) 295
JP2=J42 296
Cl17+J) = E{K,1)-Cl1l, ) - Xo . 297
CllToJ+1)=E{K,21-ClLl,J+1) Y-Yo| = B 298
Cl17,JR2)1=EI(K,3)-C(1l,JP2) Z-Z, 299
M=4 300
DD 279 L=18,21 (AB products) 301
DO 279 1=J,JP2 302
CILyI)=CIMeJ)oCILlTyJ} + CUM J+1)8C{1T,J#1} + C{M,JP2)aC(LT,JIP2} 303
M=M+] 304
GO TO (273,273,290,292,273,292),160 (290: line 390% 292: line 401} 30S

COMPUTE P CONSTANTS (coeff. of obs. equations--table 1) 306
NCOL=1 307
DO 280 L=18,21 308

A(444NCOLI=[BIK,J+1)8CIL,IP2)-(-A(42,6))8C(LsJ))/CL18,JP2) (P11, py)) 309
A(45,NCOLY=(BIKsJP2)#CIL,JP2)-(~A(42,6))aCILsI+1)1/CUL8, IP2Xppy | | ) 310

NCOL=NCOL+1 311
DO 281 I=J,JP2 312
A(44,NCOL)=(BIK,J+1)eCl6,1) - (-A(42,6))=C(4,131/C(18,UP2) (pjc...p17)313
Al45,NCOL)=(B{K,JP2)#Cl6,I) - (-A142,6))%C(5,1))/CU18,JP2)(ppE...pp7)31%
NCOL=NCOL+1 315
IF{IEND} 344,344,171 (if JEND = 1, compute residual parallax; 318
IRR=TRR+1 344 line 325) 317
R{TRR,1)=B{X,J)} 318
RIIRR;2}=A(45,1) 319
GO YO (137,172,172,172,295,297},16G0 {residual parallaxes; 320
IRR=IRR+] 137: line 380; 295: line 409; 321
R{UIRR,1}=B(K,J) 297: line [20) = 322
R(IRR.2)=A(4'¢,H 323
60 TO {137,137,138,293),1G0 (138: line 3923 293: line 403) 324
GO TO (270,923,18LOCK 325
IF {1G0-1189,89,92 (92: 1ine 334) 326

COMPUTE S,T CONSTANYS FOR FIRST TRIPLET. STORE -Pll, -P21 327
DO 326 1=44,45 {Equation 5) 328
AlT+B)=(1o/A040,42) )8 ALT,S5)0A(40,3)+A0T.6)0A{40,4)+A((,T)) tsl S5) 329
M=2 : 330
00 327 L=18,20 331
A(4L,M)I=CUET.JVIeClLyJ-1) = CULET»JP2}8CIL,J-3) (T2 T. T,) 332
M= M+ » 3,k 333
AL49,16)=—Al44,1) (storage of pyy poy) 334
AlS0,16)=-A(45,1) ’ 335
DD 282 [=49,50 (clear ares to store 2 observation equations) 336
DO 282 M=1,15 337
AlT.M)=0. 338

GO TO (134,134,287,139,134,139),160 (287: line 3513 139: line 355) 1339
COMPUTE CONTRIBUTIDN TO NORMAL EQUATIONS 340



134

283

284
285

286
287

288
139

140

141

127

128
256

165

93
12

126

137

276
135

136

290
138

291

DO 283 M=4,6 N 341
Al49,MI=Al44,M~2)"10. {(scale f :tor 1 » coeff. 3"
A(SO,MI=Al45,M-2})210, of angu.ar parameters) E|
DO 284 M=T,9 1.
A[50,M)==A(45,M=2) " 346
GO TO (285,286),IBLOCK (AX, = o for first 347
A(49,7)=0. triplet only) 348
A[50,7)=0. ) 349
IF({1G0-11868,68,287 (88: line 368) 350
Do 283 M=1,3 (transfer AX, AY, AZ coeff,. 351
A4, Mi=Al4h, Mes) for compressed format) 352
ALSOMI=AL45,M+4) 353
GO TO 127 (127: 1line 362) 354
DO 140 M=10,12 355
AT49,M)=Al44,M-8)210, 3156
AlS0,MI=A(45,M-A)1¢10. 3157
DO 141 M=13,15 358
AL4D M)==Al44,M=B) photo 3 354
AT50,M)=—AT45,M~8) 360
GO TO 287 (287: line 351) 161
DO 28 1=1,3 362
LRUW=LROW+1 363
DO 128 M=I,16 (contribution to 364
AlLROW,MI=A(LROW,M) ¢ A[49, =A[{49,M) normal equations) 365
ATLROW,MY=A{LROW,M) + A[{SO, #A[S0.M) 366
IF (IGD-31125,138,125 {1 line 3733 138: line 3®)367
60 TO (165,125),IBLOCK 368
DO 93 [=49,50 (apply ST-terms 369
AlI,91=A(1,9) +A(1-5,8)=Cl16,4) only for Case 3) 370
DO 93 M=4,6 371
ATIMI=A(T M) +ALI-5,812A{41l,M-2}210, 372
DO 126 I=NDEV.L! 373
L=1-33 374
DO 126 M=L.16 {contribution to 375
AfT MI=ALT M) + AL49,L)¢A(49, M} norma l equatlons) 376
ALl ,MI=ALTI,M) + A(SD,L)*#AIS50,M) 377
GO TO (13T7T,137,137,293,295,297),16G0 (293, 295, and 297: lines 378
INDEX VALUES FOR DIFFERENT CASES 403, 409, and 420) 379
K=K+1 380
IF{K-6)328,328,276 (328: line 271) 3Bl
IF{K-12)135,135,136 382
160=2 (Cases 4 and 11, etc.) 383
GO TO (275,289),ITRANS (275: line 2773 289: line _)7) 384
LROW=0 385
1G0=3 3186
K=7 (Cases 2 and 9, etc.) 387
J=1 388
GO TO 300 (300: 1line 296) 389
K=K+¢6 390
G0 To 273 J 391
K=K~5 397
1FIK-12)1289,289,291 R (289: line 297) 393
160=4 3194
LROW=0 3195
K=T 3196
J=7 397
NDE V=43 ‘ (Cases 6 and 13, etc.) 3
LINE=48 399
60 ) 300 (300: line 296)
1 (-6
GO TO 273 J {(273: line 307) 4ue

32






236

186

3i3s
190

188
249

189
193
158
336
159

337
187

298
147

308

L.

309
310

301
149
299
303

304

335
302

00 187 I=1,18
L=[/2
M=1
NCOL=M+2
J=B{I,M)/7100000.
FK=J+100000
FK=B{1l,M)-FK
IF{M-4)338,188,189
IF(RIS55,1)-FK)190,193,190
M=4&
GO TO 186
IFIR{S5,11-FK)1249,193,249
M=T
t TO 186
I[F(R{55,1}-FK1187,193,187
IF({I-22L)158,158,159
DO 336 J=M.NCOL
Bll,J}=BlI-1,J)
GO TO 187
DO 337 J=M,NCOL
BlI+J)=B([+1,J)
CONTINUE
G0 YO 72

SOLUTION OF NORMAL EQUATIONS
LINE=1
NROW=0
DO 310 M=1,12
LROW=LINE+2
DO 309 I=1,3
NROW=NROW+1
SQR=SQRTIA{NROW, 1))
DO 308 J=I[.16
AINROW,J}Y=A[NROW,J)}/SQR
IF [1-3)307,310,307
K=NROW+1
ME=1
DO 309 L=K,LROW
ME=ME+1
DO 309 J=ME,ls

{187: line L77)

(search storage for the bad
data 'and replace it with
companion data)

8§:

(1 line 467; 189: 1line 470)
(193: 1ine 471)
(186: line I59)
(187: line L77)
(159: line §75)
(72: line 203)

{~w: elimination with square
root cechnique as shown in
Appendix 12, Tech. Bull. 21,

but applied here to the
"ecompressed" format; same
solution as applied on line 095.)

A{L¢J}=A{LsJ)-A(NROW,ME)=AINROW,J)

LINE=LINE+3}

K=3

DO 301 L=37,48

K=K+

DD 301 I=1,36

DO 301 J=K,1l6
AfLyJ)=AlL,J)-A{I ., K}=AlT1,J)
DO 302 I=37,48

K=1-33
IFtAl1,K))299,302,299
SQR=SQRTIA[TI,K) )}
DO 303 J=K.lé6
Af{1,0)=A11,J)/SCR
IF {1-48)304,30¢
IP1=1+1

DO 335 L=IP]l,48
K=K+1

DO 335 J=K,16
AlLJi=A(L,J)—A
CONTINL

306

K1=AlT,)

(302: line 515)

(3062 line 516)

{(er ~ ¢~ forward s ution)

34

456

b~
46!
461
462
463
464
465
466
467
468
469
470
471
472
473
474
475
476
477
478
479
480
481
482
483
484
485
486
487
488
489
490
491
492
493
494
495
496
497
498
499
500
501
502
503
504
505
506
507
508
509
510
511
512
513
Sla
51









169 E{1,J)=E(1+6,J) in next triplet)
DO 162 1=1,50 (shift data in B-array)

DO 162 J=1,6
Le™ Bil,Jd)=Bl1,J¢3)
DO 166 I=1,15 {shift data in C-array)
DO 166 J=1.6
166 ClT,J¥=Ci{I,J¢3)
NCOL=4%
GO TO 259 (259: line 169)(to refine ccords. on new photo)
352 READ 518, 110, 180 (from lines 029, 448, or 450)
IFLTI10)352,353,352

353 [F(I80)352,350,352 (350: line 0OOh)
OUTPUT DATA FOR RIGHT SIDE OF LAST TRIPLET IN STRIP

355 PRINT 512 {shese require special output instructions;

DO 356 1=13,18 from line 022)

J=B(1,1)1/100000.

FK=J+#100000

FK=B|[vl)'FK

PRINT 509,FKs{E{I+J}eJ=1:3),RU1+30,2]
356 PUNCH 509,FK(E{l4J)eJ=1:+3),;R(1+30,2}

GO TO 357 (357: line 596)
359 PRINT 519 (from line 630)
GO TQ 350 (350: line 0Q04)
500 FORMATI(S5H
501 FORMAT(L1X,[3,4(2X,E12.8)) (format statements)

502 FORMAT{3X,17,2F10.7,49X,11)
503 FORMATI(15F5.1}
FORMAT[78H MEASURED FIDUCIAL MARK CARDS NOT IN SEQUENCE OR 2 BAD
IREADINGS DN POINT-STOP)
FORMAT(38H DEV FROM MEAN OVER 25 MICRONS. PLATE 17, 7H POINT IT)
FORMAT(33H SORTING ERROR PREVENTS MATCHING I7, 5H AND 17, 5H-STOP)
FORMAT(/15H YPARALLAX FOR 17,4H [S El4.8, 18H AND EXCEEDS LIMIT)
FORMATI[2FLO.T7,F10.6,1X: 11}
FORMATI(3X,17,4(2XsEl4.81)
FORMATI29H RMS PARALLAX FOR TRIPLET IS E14.8/)
FORMAT(52H TWQ BAD RESIDUAL PARALLAXES IN SAME LOCATION. STOP}
FORMAT(/TIH PASS PT X Y z
1 PRECISION/)
513 FORMAT{S3H THREE BAD RESIDUAL PARALLAXES IN SAME TRIPLET. STOP)
514 FORMAT(/15H XPARALLAX FOR IT,4H IS El4.8, 18H AND EXCEEOS LIMIT)

515 FORMATI(/TIH DBJECT X Y L
1 PRECIESION/}

516 FORMAT(/2TH N E W TRIPLET/)

517 FORMAT(/33H TMAGE RESIDUAL X.Y PARALLAX/}

518 FORMAT(TI10,69X,I1}
519 FORMAT({/49H se STRIP ANALYTIC AEROTRIANGULATION COMPLETED =s/)
END

640
641

642
643
644
645
646
647
648
649
650
651
652
653
654
655
656
657
658
659
660
661
662
663
664
665
666
667
668
669
670
671
672
673
674
675
676
677
678
679
680
681
682
683
684
685
686






N E

PASS PT

57310
57311
57320
57321
57330
57331
RMS

OBJECT

57101
7102

AGE

5310
5311
5320
5321
5330
5331
7310
7310
7311
7311
7320
7320
7321
T321
' T330
'T330
17331
iT331
7310
17310
iT311
iT311
7320
7320
7321
7321
i7T330
17330
17331
5557331

TRIPL

X

«19685858E-00
.20109013€E-00
«17916543E~00
«179944R5E-00
«19079637E-00
«18T799377TE-00

PARALLAX FOR TRIPLET IS

X

«1BTT2T7T43E-00
« 206499BR6E-0O

-+ 49340023E-05

«19932285E-05
«31316965E-05

- 7T8B89442E-05
—.49433705£-05

«11708137E-04

-« 1004TTSBE~O4%
~.26322978E-05

«103187B1E-04%

-+.31079709E-05
—+5034064TE-05
-+33908046E-05

- 712248485€E-05
«13705137E-05
-.65944408E-05
«21917562E-05
«20014523E-05
+54928892E-05
+«18T709553E-04
«17102155E-05
-.19995641E-04
«10359686E-05
«121R4548E-05
«15216017E-05
-+ 45752607TE-05
-.580956T74E~06
«29939572E-05
—<11843809E-05
«68086586E-06
-.25838716E-05

T

Y ?

~e947¢°297E-01
-.9600UB76E-01
«72024436E-01
«T77393830E-01
-.14023073E-01
~+14639882E-01
«6735507T6E-05

Y z

«2174R908E-01
-.37618655€£-01

RESIDUAL X,Y PARALLAX

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

--14879012E-00
-.14887045E-00
-+ 14968916E~-00
-214991328E-00
-+ 14949546E-00
~+14935495E-00

-+ 14860573E-00
-« 14848957TE-00

PRECISION

«944277¢
=1018214

« 37188630t

PR IS N

-.2R6853T0F

—.86065690E-05
—-.2531833BE-06
+96855153€-05
«33483454E-05
+38735553E-05
«18945561E-05
—«26986835E-05
~+.59118145E-06
«35773056E-05
~«10 :+6522E~0%
~.27503211E-05
—+30299831E-05
«263B8TS4E-05
—+90378364E-06
«T6503545E-05
~+49113B66FE-05
«20869TT8E-05
—«34T799021F-05
—+26201979E~05
«B9T59505E-06

- 76519014E-05

«49123909E~05

~«2079875S5E-05

«346B0138E-05

-05
-04

«31420015E-05

«34T787204E-05
+31108058£-05

-.73609661E-05
-04



NE W

PASS PT

59310
59311
59320
59321
59330
59331
RMS

OBJECT

57101
57102
58201
- 3202
58203

IMAGE

5957310
5957311
5957320
5957321
5957330
5957331
5959310
5959310
5959311
5959311
5959320
5959320

5959321
5959321
5959330
5959330
5959331
5959331
5759310
5759310
L.39311
5759311
5759320
5759320
5759321
5759321
5759330
5759330
5759331
5759331

TRIPLET

X

+27988529E-00
+2B8416134E-00
«25862512E-00
+26464685E-00
«270678TBE-00
«2T499725E-00

PARALLAX FOR TRIPLET IS

X

«18T7T72741E-00
«20649200E-00
«228445T1E-00
«22265536E-00
«234994T4E-00

Y

-.10369292E-00
—«92901768E-01
«T1456399E-01
«B81279635E-01
-.13053199E-01
—«6T7276654E-02

+39151794E-05

Y

«21747172E-01
-«37620181E-01
—+6605455TE-01

+14521583E-01

+95385311E-01

RESIDUAL X,¥ PARALLAX

-« 66337194E-05
+11651929E-04
+568BB0966E-05

~25978B40TE-06
+28382516E-05

-+ 3409B048E-05

—.14019464E-05
«25723960E-06
«12165082E-06
«37311857TE-05

-.65T706¢ ! 35

=+ 2T7T66165E-05

«404999T8F-05
-.4T400888£-05
-.30093013E-05

«29631731¢-05

«20T18161E-05

+3783997TTE-0Q7

«+33255B88E-05

«1T119712E-07
~«85915335E-06
~+19972040F~05

«95594355E-05

«1807T9109E-05
-.56634T01F-05

« 22506588 -05

«4T420102F-05
-.13616981_-05
-.15657868E-05
-.2B9T79830E-07

40

z

-+ 14831305€E~00
-«14859103E~00
-.14916230E-00
-+14929011E-00
-« 14923874E-00
~-«14918678BE-00

z

--14860265E-00
-«14B43111E-00
~«14932824E-00
-+ 14989373E-00
-.14925019E-00

6159310
6159310
6159311
6159311
6159320
6159320
6159321
6159321
6159330
6159330
6159331
6159331
5961310
5961311
5961320
56 1321
5961330
5961331
6161310
6161311
6161320
6161321
61 730
61 31

PRECISION

«16TT2242F-05
»19202635F-05
«508306T4E~05
+37816085E-05
-28382214E-05
- 10808649E-05

PRECISION

+52423619E-05
«4T7T88144E-05
«34162065E-05
+42560837T1E-05
-.15190122E-05

~+19042097E-05
-.40126386E-06
« TO36T039E-06
-«17221511E-0%
—. 1904T61E-05
« 14023531E-06
«16608681E-05
«26520959E-05
—« 1T4616T4E-05
-« 1762592TE~05
—«51232272E-06
«27514827E~-07
=+2049099C
—+2114T399E-05
-+47343562E-05
«8111395TE-06
«103218R9E-05
«23113964E-05
-« 20465530E-05
«21128308BE-05
«4T508021E-05
-.8141217TTE-06
-+ 10333605E-05
~«23142706E-05

-05



RMS

NEW TRIPLET

“ASS PT X Y z PRECISION

1310 «37499200E-00 -.1023492BE-00 -.14703934E-00 «13851582E-05
61311 «37168721E-00 -.90533163E-01 -.14723326E-00 «20101664E-05
61320 «35998069E-00 «80540364E-01 -.14894973E-00 «44377066E-05
61321 +35500071£-00 «88501422E-01 -.14896807E-00 = 33906290E-05
61330 «36420005€E~00 ~-.11268382E-01 =-.14796910E-00 «10855465E£-05
61331 +36695106E-00 -.49132698E-02 -.14823463E-00 «24783106E-05
PARALLAX FOR TRIPLET IS .2699841BE-05

OBJECT X Y z PRECEISION

(no other objects)
AGE  RESIDUAL X,Y PARALLAX

¢ 10 =-.22814537€E-05
3311 «45556840E-06
9320 -.31206877E-05
9321 «14505689E-05
9330 -.16516194€E-05
9331 -.40129606E-06

1310 «18144683E-05 6361310 «73537625E-006
1310 -88752T26E-06 6361310 -.26408571E-06
1311 «28404313E-05 6361311 -.63461239E-06
1311 -.26737437E-05 6361311 «143T74782E-05
1320 + 16441165E-0S 6361320 «51901400E-05
1320 +53092901E-05 6361320 -.20399979E-05
1321 «12321616E-05 6361321 -.37481940E-05
1321 -.56238784E-05 6361321 2 24968130E-05
1330 -.17611291E-05 6361330 «18973411E-05
1330 -.45221873E-06 6361330 +35937154E-06
1331 -.98790367E-06 6361331 =-.2T7331394E-05
1331 « 30575698E-05 6361331 .19180376E-05
1310 -.254676T6E-05 6163310 «28766038E-06
1310 -.57916T59E-06 6163311 «2516785TE-06
1311 -.22262058E-05 6163320 -.13631598E-05
1311 «12659346E-05 6163321 «2424455TE-05
1320 -.68048561E-05 6163330 -.12646255E-0%5
1320 =.31404690E-05 6163331 «38B14TTOE-0b
1321 «2492247T3E-05 6363310 -.28868785E-06
1321 «30557538E~-05 6363311 -.25271660E-06
1330 =-.13384959E-06 6363320 +«13559260E-05
1330 2131996577 -75 6363321 -,24117026E-05
1331 «37198352-v5 6363330 -« 12641649E-05

1331 -,12415160E-05 6363331 -,38807849E-06










































