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+2Ve previous te niecal bulleting ineclude
background information. Technical Bulletin No. 21 ,
"Analytic Aerotriangulation,"” states the basic
general philosophy and mathematical formulation for
the system as a whole. Technical Bulletin No. 232,
"Aerotriangulation Strip Adjustment," documents
the application of a polynomial equation for
transforming the data from a strip of aerial
photographs to fit ground control data. This
technique is applied as a preliminary measure in
preparation for block adjustment. Technical Bulletin
No. 253, "perotriangulation: Image Coordinate
Refinement," explains the mathematical details and
the computer program used to correct the observed
image coordinates for the known systematic effects
of lens distortion, film distortion, ete. This
routine also constitutes a preliminary operation for
block adjustment., Technical Bulletin No, 29u,
"Three-Photo Aerotriangulation,” describes a
preliminary photograph orientation analysis gnd
computer program. Technical Bulletin No. 32-,
"Space Resection in Photogrammetry," presents the
analytic routine that constitutes the mathematical
unit for block adjustment. Incidently, the
preliminary programs are applied in the numerical
sequence 25, 29, 23, 32, which differs frc the
numbers of the technical bulletins.

The block adjustment program uses as input the
output of preliminary computations which are
discussed presently. The computation solves for
corrections to provisional and approximate data
so a3 to minimize the discrepancies of observed
image coordinajes based on the colineation con-
dition (Schmid®) wherein each set of three points,
consisting of image, lens, id corregponding
obJect, must lie on a common straight line.

The output consists principally of the.three
corrected coordinat for sach object, together
with the reslidual error of the cc responding iges,
and, if desired, the final values of the six camera-
parameters for each photograph. The latter data
may be useful for subsequently orienting a stereoscopic
plotting instrument or a rectifying camera.
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being the subject of this paper. Tt >ose of
the preliminary programs is to furni >roved and
complete data for the block adjustme an

effort to reduce the number of iterations of the
block problem to a minimum. (See Figure 1.)

Three-Photo Analysis

The first program, "Three-Photo Aer'otr'iangulation"LL
also includes all of the ideas of "Aerotriangulation:
Image Coordinate Refinement"?. The sequence of the
input cards is tested. Multiple readings of the-image
coordinates are averaged and tested for gross deviations
from the mean. The image ‘coordinates are corrected
for both symmetric and asymmetrical radial distortion
of the camera lens and for dimensional instability
of the photographic film. A correction’ is also
incorporated for atmospheric refraction, but earth
curvature is accounted for in a different manner whi-“
is discussed later. The procedure includes the
application of the results of the calibration measure-
ments of the comparator.

Not only are the corrected image values used
in the three-photo solution that follows, but also
the values are punched. to serve later as input data
for the block adjustment. The three-photo solution
derives an orientation of each photograph relative
to the previous two in a strip and produces coordinates
of objects in an arbitrary model coordinate system
which 1s continuous throughout the.strip. Residual
discrepancies are analyzed and blunders are rejected
by the computer based con a criterion value which the
photogrammetrist selects. The colineation principle
is imposed so that discrepancies of the observed
image coordinates are minimized through the application
of least squares.

Strip Adjustment

A secong program, "Aerotriangulation 3trip
Adjustment,"® is used to transform the three-photo
model coordinates of objects into the prevailing
ground control coordinate system, fitting control
data through the application of polynomial formulas
(which are empirical in a sense) and least squares.

The results constitute provisional positions and
elevations of all the objects, including the elevations
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In Equation 1 the terms x, y, z art 3i ed
a3 known. The first two coordinates ar: 3i.___»sd
to be subject to random accidental errors of
observation, but z is considered to be a f :ed
constant. -

All the other terms (w, o, %, X5, Yo Zo,
X, Y, Z) are initially unknowns whose valuws are
to be determined. One is primarily interested in
X, ¥, Z, the ground coordinates of an object; the
other gix terms are essential intermediate values.

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

If these provisional values are gubstituted
into Equation 1, the right {(computed) side will
differ from the left (observed) side. The next
gtep ig to adjust each of the nine terms on the
right side in a systematic way so that the
differences (residuasls) between the right and
lef't sides are minimum in accordance with the
principles of least squares. The prograem provides
a means to adjust simultaneously the data for 1500
objects imaged on 200 overlapping photographs where
some of the objects are welghted geodetic control
stations.

Linearized observation {(adjustment) equations
are derived from Egquations 1:

(PraAw + DPy,80 4 Dy A - DyghXy = PrebYs - DPyoAZe

+ PysAX + pyeAY + py,402)/q=-p,,/q

(Pa2AWw + Dosdp + Paadn - PashAXe - Poed¥Ys - Do, AZg

+ P2sAX + PagbY + DpaAZ)/q=-Dy,/4

(3)
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The subseript, as in (3A,/3w)B and (3A,/3v)B, is the
matrix notation for the scalar product

[38-11/3UJ; 8312/5% aala/aw] X - X
Y- v,
7 - Zo . (4b)

Because the p-coefficients in Equation 3 are
evaluated in Table 1 based on approximate values of
the nine variables, the results (adjustments to the
approximations) from a solution of the equations
will also be approximate. But a second solution using
the adjusted values will be more favorable, yielding
further adjustments which are of smaller gize than
before. 1If this sequence (iteration) is repeated,
the adjustments eventually become so small that they
are insignificant. This program is arbitrarily
instructed to terminate when Aw, Aw, AX are all less
than 107% radian (about 2 arc seconds).

Resection

Resection, as noted above, conatitutes a scheme
for determining first approximations for w, ©®, #,
Xo, Yo, Z0 for each photograph based on the provisional
coordinates of 18 objects. The routine is a
relatively short one involving only the six unknowns,
and is utilized only once for each photograph. The
observation equations for resection are nearly
identical to Equation 3 except that the terms in X,
Y, Z are not present:

(P128w + Pyad® + Py 8% - pygAXe = PreAYs -DP1948Z0)/q
= -p11/9

(PeaBw + Paghe + peyb - PrsdXo - P2sAYy -D2r0Zo)/q
= -pa1/49

in which pjj and g have the same formulas as before.

The scheme of iteration also applies to resection,

terminating when the angular adjustments are less
than 107°.
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Unknowns and Control

The number of unknowns and simultaneous equations
is large indeed., As each image yields two observation
equations (Equation 3), a total of 3600 such equations
are ‘nvolved in 200 photographs of 18 points each.
Each photograph contains & unknowns for a total of
about 1200 if the photographic overlap is &0 per cent
in both directions and the area is spproximately square.
The total of 20C0 unknowns is essentially for a total
of 5700 unknowns which might be approached if the side
overlap is 30 per cent and the area differs from a
square shape.

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

Welighted Observations

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

Intersection is the name of the solution that
vields the ground X, Y, Z of an object b d on
k~~wn image coordinates, camera stations, and
o..entation data for two {or more) photographs.

The subject was discussed in Reference 1 und._
Eguations 25, 26, and 27, and in Reference 4 under
Ec tion 6. Here, however, the method of solution
has been modified in order to accommodate any
number of photographs in any Jjuxt ,osition.
Previously it had b n assumed that the air base
was parallel to the X-axis: but this assumption
is not valid in a free block adjustment. Morecver,
an object may be imaged on more than two photo-
graphs, and it is desirable to include all the
observations in order to obtain a rigorous solution
which minimizes the observation discrepancies.

The collinearity Equation 1 can al 23 be
expressed in determinant and metrix form as in
the reference:

X Z
= O (=p11)
(4, .B) (A, .B)
Y Z
(A, .B) (A, .B) =0 (=pa, )
or
(A,.B) x - (A;.B) 2 =0
(A,.B) ¥ - (A,.B) z =0 . (6)

A plate residual v may be defined as

Vx T Xobserved ~ *computed * (7)

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

X z (A,.B)/(A,.B)

z (A,.B)/{(A,;.B) . (8)

1l

J
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If Equations 8 are substituted into 7,
vy = x - z (A,.B)/(4,.B)

vy =¥ - 2 (A,.B)/(A,.B) . (9)
If both equations are multiplied by (A4,.B) (a

scalar product which represents the height of

the camera above the oblect),

(A3.B) vy = (A,.B) x - (A,.B) =2

(A;.B) v (A,.B) v - (A,.B) z . (10)

¥

The term (Aa.B) varies from photograph to
photograph. Consequently, each of the twoc to nine
pairs of observations Equations ¢ and 10 has =
unigue multiplier. This fact has little signif-
icance except in instances where the flying
heights differ significantly -- they may well
differ a considerable amount for adjacent flight
lines and for extra cross flights purposely taken
at different heights.,

If the right side of BEguations 10 are
expressed in terms of X, Y, Z, the p-terms are
as stated in Table l,and g = (A..B), then the
observation eguations for intersection are:

I

Vx = (P X+p16 ¥+P14,2)/Q - (p1sX+P1s YotP1+26) /0
Vy = (PasX*Pas ¥*P272)/d - (PasXo*Pas Yo+P2r20)/q
(11)
The terms v, and v, are set equal to zero and the

"constant" terms afe transposed to the right side
of the equal sign:

(p1 5X+p16Y+p17Z)/q = (pl 5X0+p15Yo+p1sz)/q

(pzsxo+pesYE+szzo)/q .(12)

(Pos X+Poe Y+pa42) /a

A scheme for the actusl sclution of & set of
Equations 12 involves two (or more) iterations where
it is assumed that g = 1 in the initial solution,
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Features of the Program

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

In additlon to this 200-photograph version,
programs are also in current operation for 20 and
for 18% photographs. Other versions will probably
be added in the future for S0 or for 100 photo-
graphs. The reason for the special sizes 1s
related to the large amount of computer time
required for a solution; the time is reduced
considerably if some of the storage arrays on
disk can be eliminated by retmining the data in
core memory. Because the core memory capacity
is completely used in the 20C-photograph version
with additional data stored on disk, and because
disk operations are relatively slow (compared to
core), any large reduction in the dimensions
needed for the arrays allows the programmer the
opportunity of reducing the disk look-up opera-
tions. (This report documents the 200 photograph
version as though it was "frozen" in February

1967.)

The present program constitutes, 1n a sense,
z "skeleton" type of solution to which mey be
added numerous features in the future. The
urgency in producing a practical operating system
for the immediate use of the Ccast and Geodetic
Survey precluded the addition of some convenient
features in the initial version. Consegquently,
the program containing only the necessary features
was made available early in 1966 in ample time for
a very large adjustment that had been scheduled.
Moreover, the program minimizes the amount of
human effort ordinarily needed 1in setting up a
computation, although it is now recognized that
it may be profitable to devote further study to
some of the details of optimization in future
versions.
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1.2 program is based entirely on t collinea-
tion principle. The ground coordinates of the pass-
points, control stations, and other points as
desired, are included as a part of the main scheme
of the ac _astr nt, Although the inclusion of these
parameters causes the matrix to be very large, the
benefit to the rigor of the adjustment is considered

be worthwhile.

I ‘ertheless, an intersection routine is included
outside of the main adjustment scheme to determine t »
coordinates of "other" or "extra" points which are not
considered to be necessary to the adjustment. The 18
pass points per photograph in addition to the control
points are considered to provide sufficient data on
which to base a rigorous adjustment., The intersection
routine (also based on the collineation principle) is
then applied, based on the adjusted data after the
main adjustment has been completed. Incidently,
observed image coordinate data from all the pertinent
photographs are utilized in a least-squares manner.

This block adjustment system is independent from
the relative configuration of the photographs that
comprise the block. Tor example, the block can con-
sist of & single strip, overlapping strips, intersecting
strips, cross flights, photographs taken from diff ent
cameras, and photographs taken from different altitudes --
all with very little human pre-organization by the
photogrammetrists. The organization of the computation
1s embodied in the program and is based to a large
extent on the image numbering system,.

The block sedjustment itself is a single-pass
computation, although three low-cost preliminary
programs (three-photo, strip adjustment, earth
curvature transformation) are employed. Needless
to say, all these programs can possibly be combined
if deemed necessary and if computer memory capacity
is aveilable. However, the first two preliminary
programs are very useful for detecting and
eliminating blunders in the data before the compara-
tively expensive block adjustment is attempted; this
results in a minimum number of iterations. {Recent
adjustments have required only a single iteration.)
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analytic asrotriangulation is to be used to comple-
ment geodetic surveying for the establishment of
(lower-order) control.

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

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

(b’ ' T ’ s and a
SEUAY Biic wviaiiamciun vr e wmve e v weias smplated,
probably for a short version of the program. It
seems that insufficient date are available at the
present time for a knowledgeable assignment of
values for the various weight factors.

{(c) The adjustment of the Z-coordinate is
scheduled to be modified so that the elevation is
maintained instead of the Z-coordinate. Small
horizontal discrepancies can occur 1f the project
area extends more than 100 miles and if the adjust-
ments are large.

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

(e) Efforts are being turned toward eliminat-
ing or including the preliminary programs, probably
for a curtailed version of the block adjustment,
such as for 50 photographs where the cost of an
additional iteration or two is relatively small.
For example, the present program will continue to
work with equal accuracy even if the provisional
ground coordinates have large discrepancies, such
as would be produced if one estimated their valuses,
or as might be computed through the use of cruds
linear formulas. Corrections to image coordinates
for systematic errors would nesd to be transferred
to the present program, as well as soms version of
the earth-curvature transformaticn, and an analysis
for the slimination of blunders, but the strip
adjustment program can be eliminated entirely.

The reason for such effort is to reduce or eliminate
the human effort consumed in conducting the pre-
liminary computations.



Safeguards on Computer Tims

Several items are included in the prc bl
prevent unnecessary use of computer ti-— . 1
event of grossly erroneous input data. Experience
indicates that blunders in input data occur even
though safeguards are provided in the prel’
programs. At the present cost of computer
it is of important economical significance that
even one extra iteration of an adjustment of a
large number (e.g., 50) of photographs be avoided
if at all possible.

If any resection solution requires more than
five iterations (which may happen if the points on
the ground lie on or near a common sphere or
cylinder which also includes the camera station),

(a) that resection solution is terminated, (b) the
number of the photograph is ocutput with an
appropriate error message, (c¢) the solution con*® ues
for the next photograph, and (d) the entire pro lure
is terminated after the completion of the resection
solution of the last photograph but before the
general adjustment is attempted. This allows a
photogrammetrist to rectify the situation with a
minimum waste of computer time, and restart the
computation later.

Al though the solution is usually completed
at the end of two or three iterations, the
photogrammetrist can instruct the computer (MAX
on line 18 of the Fortran program in Appendix 2)
to terminate the general adjustment at any number
of iterations and output the incompletely adjusted
data &s though the solution is finished. The
photogrammetrist can inspect the output and
modify the input if necessary where the data
indicate that the solution is not progressing in
a normal manner. As an example, a very larger
initial adjustment of an orientation angle of &
camera, such &8s s3in~!'0.2,may occur where the
ad justment is normally expected to be only one-
tenth or one-hundredth as large.

These kinds of situations do occur from time
to time in practice due to human input blunders
which may otherwise be very difficult to detect
beforehand. If the general solution is allowed
to progress to completion, several extra iterations
will normally be required to achlieve a so” "lon
which only will be recognized as useless ....
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thrown away. On the ot 3r hand, If t . output data
indicate that the soclution is nom 1, the partly-
adjusted coordinates can be irrut again at a later
ti—» and the adjustment contit ed for one or more
i*-rations with only a minor cost of extra computer
e..ort,

A further occasion for the use of this latter
technique consists of accepting a given {teration
as final even though the 10”% convergence limit may
not have been mchieved. This may occcur in at least
three kinds of circumstances: (1) where the largest
adjustm=nt is only slightly larger than 107%:
(2) wh_ 3 the projected utilization of the output
data does not require such a high accuracy: and
(3) where the estimated accuracy of the input data
does not warrant another iteration.

As 1s customary with long computations of
this nature, restart commands are incorporated
after each arproximately 15 m wtes of running
time. All tne core date are dumped onto disk
in such a manner that, in the esvent of a computer
malfunction {such as the failure of a parity
check), the computation can be aborted, and
r tar d at the most recent memory ¢ p instead
of beginning the computation from the very first.
The —~start features were added by expert program-
mers of the Computing Divisi : ss they do not
constitute photogrammetry and aren't well under-
stocd by the authors, they are not discussed in
detail. Needless to say, short versions of the
program do not include restart features, nor
are they necessary where the computation can be
programmed on a larger or faster computer to
run in a very short time.
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Descriptieon of Dimensioned Arrays

The ten data storage arrays are discussed in
alphabetic order instead of the corder listed in
the Dimension statement of the Fortran program
(Appendix 2).

A(é, 1500) -= (lines gu-s 3255 LLBLL)

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

(1) The first utilization consiasts of a
record list of object data (like E-array) for
the entire block in the order encountered in the
solution: Row l--object number: Row Z2--X-
coordinate; Row 3--Y-coordinate; Row L--Z-
coordinate; Row 5--horizontal weight; Row 6--
vertical weight. The E-array is formed by trans-
ferring data for one photograph from the G-array
in the order established by *the B-array; the A-
array is then formed by successively transferring
from the E-arrays those data not already in A in
the order encountered in the E-arrays. Beginning
with line 2L1, the order list is transferred to
the G-array and thence onto disk storage.

{2) The second utilization (line 325) per-
teins to the intermediate storage of the normal
equation coefficients of the corrsctions to the
three coordinates of each ground object used in
the adjustment. These coefficients are called
the Zl-terms which are discussed more fully
presently during the description of the P-array.
Six Zl-terms (coefficients of AX, aY, aZ] occur
for each object, and the terms for one object
ocecupy the six rows in each column of the A-array.
These six terms form a "stairstep" arrangement
in the "classic" form of the normal equation
matrix. The three terms in the first row of Z1
are stored in the first three rows of A, the —
two terms in the second row of Z1 are stored in
rows four and five of A, and the final term in
Z1 is in the sixth row of A.
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(3) The third utilization of the A-array
(line U4BlL) orcurs during the forward solution of
the normal ., uations when Z3 data (which were
previously stored in the G-array and transferred
to disk) are ught back from disk storage. A
6 x 6 ar . in A is assigned to each of 200
photographs. Originally, only a specific 21 of
the 36 words are used as depicted in the
"stairastep" area in the Z3 area of Table 2 and
Pigure 2 as described presently during the
discussion of the P-array. Perhaps the emsiest
way of describing the arrangement of the terms
in A is to state that they are exactly as shown
in Table 3 where the terms below the principal
diagonal are zeros. However, the A-array extends
from the ¢ .gonal (Pigure 2 ) to the right
completely across the cross-hatched portion of the
Z3-area. The left-most dotted portions mre always
non-zero although the cross-hatched portions are
zero if the photographs involved do not overlap.
The contents of the A-srray is stored back on
disk on line 533, The A-array is again used
during the Back Solution of the normal equations

beginning on line 626. (Figure 2 in on page )-LB)
B(51, 3} -- (line 3L of source program)

Image coordinate data for one photograph are
contained in the B-array. The three items for
each image are: (1) a nine-digit image identifi-
cation number: (2) the refined® image x-coordinate:
and (3) the refined image y-coordinate. The first
18 rows are for the 18 primary pass-point images
in the same strict order as specified in Reference
3 and 4. The next 31 rows {(or any lesser number of
them which may be needed) contain the same infor-
mation in any unsegregated order for all the control
point images that appear on the photograph and the
other pass points whose influence is desired in the
adjustment. ("Other QObjects" whose influences are
not w .ted are handled in a post facto manner by
Subroutine Insect after Line 755.

The last two rows contain miscellaneous

elements: B{50, 1} -- photograph number; B(50, 2) --
a positive digit indieating that a photograph is the
beginning of a strip; B{(50, 3) -- a positive digit

indicating that a photograph is the end of a strip;
B(51, 1) -- & positive digit indicating that a
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Table 2.

The contents of the P-array

1 2 3 L 5 6 7 8 9 10
Di1a Pz P13 Pia ~P;s Pie ~Py» -~Pi1a (Vax)
p21 pza p25 p24 -pzs ‘Pgs p27 -p21 (vay)
P1s Pis Pi1+ Pz Pia P14 ~P1s ~Pi1s P15 | ~P1a
Pzs Dzs Pz Dgze Pzs Pzs <~Pas ~Pzs ~Pay | P21

Zl-area Z-aresa

f44]

o

£

o

[}

(Empty) Z,-area i

For both
resection
and block
ad justment

S——

> For block
ad jus tment

9¢
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12
13
1y
15
16
17
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19
20
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Table 3. The contents of the C-array

(3Ai/3x)B

1 2 3
Xo Y, Zg
sin w sin ¢ sin x
cos W cos o CO8 x
The nine elements of
the orientation matrix A
shown in Egquation 2.
i L
! T
A/ Aw
| l
{
A/ 3o (Equations la)
| l
! I
A/ an
B X-X, Y-Y, 2-Z4
A;B
(BAi/Bw) B
(34;/3w) B (Equation ib)
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c(20, 3} -- (line 111}

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

CAM(200, 60) -- (line 223)

This storage consists of (1) the values of the
six parameters of each photograph, and (2} the list
of objects numbers = L9 corresponding to the images.
One row is assigned to each of the 200 photographs
in the order in which they are input. The data in
the columns are: 1l--photograph number; 2-7--sin w,
sin o, sin «, Xosr Yo, Z4: g—SB--the list of object
numbers in the same order as the image input: 57--
the total number of objects used on the photograph
(4o is maximum}; 58-60--cos w, cos ©®, cosS *.

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

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

Xor Yor Zo-

E(L9, 6) -- (line U6)

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

G{10236) -- (line 23}

The G-array contains the contributions teo
the constant terms (Z, in P-array) of the block
normal equation matrix, cbject number order list
with horizontal and vertical weight factors and
contribution of Z,-coefficients (P-array, already
discussed) of camera parameters in block ncrmal
equaticn matrix. The single-rowed list includes:
(1) 57CC places for the constant terms of as many
(cr fewer) normal equaticns; (2) the object order
list of the A-array (discussed above) includes
three items for each cbject--(a) the cbject
identification number, (b) the horizontal weight
factor, and (c) the vertical weight factor--for
the maximum of 150C objects; (3) the ccefficients
cf the 21 camera parameter terms for cne
photograph.

P(13, 10) -- (line 177ff)

The coefficients of observation Equations 3
for resection, and "marshalling yard" fcr
contribution of one image to system of nocrmal
equations fcr block adjusitment (Table 2) arse
focrmed and momentarily stcred in the P-array.
The Z-areas of the P-array refer to the Z-arrays
which are discussed presently: they constitute
contributions tc the four unconventional
subdivisicns cf the block system of normal
equations. For the resection problem the first
2 rows, columns 2 through 8, constitute a com-
plete pair of observetion equations for an image.
For the block sclution, the ccefficients are
stored initially in the first 2 rows (as in
resection} but are transferred to all 10 columns
cf rcws 3 and !l to form a complete pair of
cbservation equations for the block problem.

Figure 2 and Table 2 depict in an cver-
simplified manner the sc-called classical
arrangement of a set of normal equaticns that
might be encountered in block aerotriangulation.
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The purpose of the figure 1s to p defii the
areas Z, Zl, 22, 73 of the P-arr The . led
and dotted areas denote numerical coeffic: Es
and the blank areas indicate zerco coefficieuts,
or the absence of coefficients.

Z1 refers to the coefficients of the AX,
AY, AZ terms associated with each object. Each
"stairstep" set includes six numbers which are
virtually independent from every other set.
The six terms are stored in one column of the
A-array before being transferred to disk. The
order of storage in A is: the three terms of
the first row, the two terms of the second row,
and finally the single term of the third row.

Z2 refers to the list of "constant" terms,
one for seach equation. The values are transferred
to their proper locations in the first 5700 places
in the G-array and remain in core storage.

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

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






Appendix 1.

SIMULTANEQUS ADJUSTMENT
OF AS MANY AS 200 PHOTOGRAPHS

USING THE C&GS ANALYTIC

AEROTRIANGULATION PROGRAM

¢ READ for block
Job title 21
Constants 30
Control data 32

Branch
after last

Return from
line 439 to
start new job

' READ image data

for 1 photo L5, W9
| into B-array
|
I

Return from Branech if
line 249 for focal length L6
next photo changes

Test for
excessive

Store image 57
data on disk

32

(Numbers refer to
lines of Fortran
source program)

-

RESECTION
PHASE






|

Bquation 207
Return to Solution
line 140 ]
to iterate
resection Correct 227
the camera
parameters

Convergence 238 Y
Return to
line 49
for next Store
photo parameters 240
in CAM array

Last
Photo?

Only on 1st
jteration
of block

Test for
excessive
objects

{:%> 253

256 (:Error meSSage
l END OF

o
RESECTION

Transfer 259 {
PHASE A-array to disk

PRINT
number of
photos in

block

I e

| BEGIN (Clear G-arraﬂ 262

Transfer ’
I order list from 266
ADJUSTHMENT A- to G-array

| | '
Glear A—array) 273
I for 21 data l

34




Return from
lines %20,
421, and Lel

Return to
line 140 for
orientation
factors

.

!

Re-transfer
image & oblect
coordinates
from disk to
B and E-arrays

I

Clear a
portlon of
G for Z3 data
Begin to
process
one photo

Transfer
camera data

281

285

287

289

Compute
Residuals
onl

Skip to
line 407

CAM to C

Compute 298

remainder

Return from
line 172

C-array for one
image

T

Make special
arrangements
for 1st or last
photos of strips

299

Arrange for 311
A.B unneeded
eXcept for

residuals

Arrange for 321
special treatment
of control polnts

1
Branch 33
Observation 332
equations
for the block

l

35

A

Continue
with block












f

Divide Z2 term

¥

s (

11fy count
and apply
ss products

by square root

object 1s on
other photo

499
Transfer Z-arra¥:>

disk to core

|

Divide 2 by

square froot

Modify count
and apply
eross products

',— - - =
SECTION LI QOF

EQUATION SOLUTION

~-forward solution

on the terms in

the 2 and Z2 parts (:

LQ_JC

Transfer Z-array
back to disk

Effect of
object rows on

camera TOws

Transfer A (21)
core to disk

509

510

516

> 519

520

disk to core

of the matrix
: (:fodiry countsz‘transrer
3

into A,

and 2 into Z

l Sy

Contribution of
Z to 23 terms

i

39

522



i
Contribution 559 .- .
to Z2 terms in | _ . . ./ Z2 stays:
G-array . in core
q l o
GO TO \ 562
l next object A~ - /
- > —J/;\\ object on
-/ photo?
A Transfer Z-array for 568
next photo from disk
to Y-array in core
581 {
GO TO Contritution 580
q next photo of Z to 23 in A
{
'\L . (~ Trensfer A (23) 582 :
“\_for photo into disk
i
]
! Arc locator 584
= - - - - - - - - - - - - - —
SECTION III OF {
[
isk, 587

EQUATION SOLUTION C Transfer Gi-Gn to d
e

ave 37 CAM columns in disk.

I ._forward solution

-t}

Process Z3 rows

of the 23 part
' for photo NU

of the matrix &
i

L0

592 ) !

Return from
line 668
for next photo



f

. 597
Tr .. from 47 ° to A,
for _..... _U; reset c._k arc
l 601
Compute
3q»e=re root of
lea ng term, row 1
i
Divide all terms 603
of row r sq. rt.
606
()
\_/
MAdlify row numbe;:) 607
l
Effects on 608
subsequent rows
s
Transfer 3 613
bz : into disk
615
photo of f;?\ £
block? o/
624

£ /" Transfer Z3 from
4 T ‘1\h A to CAM arrays

square all
zeros?

-
<} \_Loop to next photgi)
fo—

L\_ _ 636
- { Set signal )

Set signai\ -3

i

line 668




Does
photo NU
overlap
NCON

(::Transfer row I of \ -

23 from CAM to G//

l

Compute effect of 662
¥ row I of NU on 23
& Z2 for photo NCOR

Increment photo \ 665
number and loop bagE/

L 666
Transfer Z3 back
to disk
From line

Loop back to 667 615
line 592 for Disk arec for
next photo Z (NU+1)

| 668
Disk arc for‘\ - !
23 (NU+1) / -
I

Transfer the 317 columns 669
in disk back to CAM

TS - - - -

SECTION IV OF Transfer G1-Gn 674
back to core !
EQUATION SQLUTION (line 587)

--the back 675

PRINT last i
solution of the 2 numbers

of Torward .
matrix solutlion

679

Reset disk
are locator . !

he




A scaling factor
was used to make
the coefficlents
of dX, 4Y, 4dE
the same general
magnitude as
those for

duy a8, dw

—em e e w wm = oa oae

!

Back solution

of camera
parameters

(: Transfer Z1 from

[
] Division to get

disk to core A

Set value of ITEST=
last objeet in block

Modify photo
number NCON

Is
object on
this photo?

Transfer disk
Z (Necon) to core 2
1

Baek substitution

dx, 4¥, 42
oblect parameters

[

]

R Transfer order list
. disk to core A

'

Restore scaling
factor introduced

on line 337

694+

(Answers)

707

715

723

729

(Answers)

737

7k

746

If the \\
object is a
control statlon /

Apply oblect

parameter correctlons

[

Apply camera
parameter corrections

®

749

757-764

L3



!

Find the maximum

767

I END OF THE corrections to the
angular parameters
EQUATION of the cameras
| SOLUTION 778
PRINT the Ret
| maximum 1lin
- - - - - for
r 782 1te
783
| Transfer image coordinaté;\_ .
from disk to core B
| 787-806
1
I = |
I END OF BLOCK ADJUSTMENT PER SE
Rety
'| SUBROUTINE 1in
-}
{ for finding the { 848
Provide for proper
| coordinates of focal length
' add1tional e l 849 .- -
| READ x, vy, (f) ,~ A pri
objects by the for one lmage [ —3 - -.' place

!
| INTERSECTION

| of image

'rays

Ce

T

new object

Locate camera
parameters in CAM

transfer them to C

Compute
orientation matrix

LL

785

for an ooject

857

90k, 93
965, or



884 Recyecle to

Form augmented line 865
coefficient matrix for next
(1ist of observation image
equations)
8ok 8ok
Compute First Let
A3B iteration? A3B =1
< -
Solution of
equations
A
90k 900
Compute Compute
residuals constant term
_
Form
e ~ normal equations -
Solve equations
forward and back solutlons
for further
lteration

Find
maximum
residual

¥

45



at least
2 images

/i

or 2 lmages
\L bad?

PRINT
error
message

line 869
for next

962
Re*—n to
1i: 86%
964 for new -
solution
o :3
97k J
- PRINT .
= XY,z I
answers
Return to | Return to
— . 1line 436
— - in main
I \\\\v//// ' program
END












612

613

6l4

€15

796
616

797
617

619

620

622

623
621

6l8

624

698

697

Cl4,3)=Cl2,11%C12,3) + C(10,10%C(3,1)
C5+3)=CL24+1)%C( 3,3} + Ci11,10%C(3,1)
Cl6+43)1=C13,1)%C13,2)
CC 612 1=T7+5
Cilsli=0.
Cily2)==-CL1I-3,3)
Cil+3)=ClI=-3,2)
Cll34I-61=C{5,41-6)
Cllé4sI=6)1=2=Cl4y1=6)
C{15,1-61=0,
GC T0{613,8061.1G0
CLEAR NORMAL EQUATION 0 ARRAY TO ZERC
DC 614 1=1,6
DC 614 J=1.7
C{l,J)=0.
COMPUTE P TERMS FUR PASS POINTS USED FOR RESECTION
TF{BL50,2)) 79647964615

M=7

NROW=15

GC TG 617
IFIBLS0+3)3797,797,616
M=1

NROW=9

GG TC 617

M=1

NROW=17

OC 618 NU=M,NROW,?2
CC 619 K=1,13
CUl64K)=E{NUSK+L I=C{1,yK)
K=4
CC 620 L=17,2C
CC 620 [=1,3
CIL,T3=CUK, L) *C{1lby1) + CUIKy2}*C{1692) + CUK+3)8C(16,3)
K=K +]
oL 621 I=1,2
CC 622 L=1+4
PUL+L)=(BINUSI+L)*CIL*+1643)={=FLI*CIL*16,10)/C(17,3)
GL 623 L=5,7
PILoL)=(=BLNUsE+1)}2Ci64L=4)¢(=FLI®C(I+3,L-4)1%C(1,3)/C(17,3)
P(IoB)==P{I,1)
CONTRIBUTIEN TC NORMAL EQUATIGNS
CC 618 I=1l,¢&
DC 618 Jd=1,7
CC 618 K=1,2
DUI s JN=0(leJI¢P{K, I+1}*P{K,J+])
FORWARD SDLUTICN
DC 695 I=1,6
SQR=SGRTIC(1+I1}
OC 698 J=[,7
D(l,J)=C(I,J)75QR
IF{I=6169T7e69€:6%56
I1P1=1+1
DG 695 L=1P1l,6
CC 695 JelL,7

50

164
165
l6é
le7
le8
169
170
171
172
173
174
175
176
177
178
179
180
181
182
183
184
185
186
1387
188
189
190
191
192
193
194
195
196
197
198
169
200
201
202
203
204
2G5
206
207
208
209
210
211
212
213
214
215



699

696

690
691

625

621
628

893

64T
7165
894
T63
8ll

810

157

8lg
7130
166
160

Bl4

DIL«J)=D{LosJ)-DCI.,L2*0D(],J)
B8ACK SCLUTIGN
DI6+2T)=0(647)/D0646)

CC 691 [=1,5

hMl=6=1]

NMIPl=NM]+1

DC 69C J=NM]Pl,6
DINNL+7)=0{NNM]T7)-D{J, TI*D(NM],J)
DINMI,7)=CUNMI,7)/0UNMI NMI)
CLC 625 [=4,6
DUI7)¥=001,47)%C{1+3}

ADD LEAST SQUARES RESULTS TO GAMERA PARAMETERS IN C ARRAY
CL 626 Jd=1.3
ClleJ)=ClleJ)¢D(J+3,T)
Claod)=0{ds T}

ClS4J)=SQRT{ lu=Cla,J)*Cl{44J))
CleeJ)=Cl2¢J)*CUSsJI¢CUI3sJY*Cl4,4d)

TEST MAGNITUDE OF CORRECTIONS FCR DRIENTATION PARAMETERS
DC 628 [=1,3
IFIABS{O(LI,T4)=~.000011628,628,610
CENT INUE

STORE CAMERA PARAMETERS AS COMPUTED FROM PHCTOD RESECTICN
IPHC=]1PHO+1
CAM(IPHG,13=8{50,1)

CC 647 J=1,3
CAM(IPRO,Je5T)=C{3,J]
CAM(IPHO yJt1)=L( 244}
CAM([PHO»Jd¢4)=C{1,J)
IF{BI51+1)1604+604,765
IFIIRE=2D) 762,894,854
STOF

STORE A ARRAY IN LCISK AND PRINT THE NUMBER OF GBJECT POSETIONS

TC BE COMPUTED IN ThE BLOCK
IFLLINE~1500)B10,610,811
PRINT S44,4,LINE
sTOP
ITOTAL=IPHO
PRINT S43,ITOTAL.LINE
NO=&6®[ INE
Ja=1
CALL LCC€l,JLCC,400}
CALL W(lsdAsANA)

BL OCLK ADJUSTMENT P HASE
IGD = 2

pDC 819 1=1,5700

G(I)=0.
IFCITERAT-13730,730,760
DC 166 J=1:L1NE
G{3eJ+56S58)=A01,d)
GL{I*J+56GS)=A(5,J)
GL3*J+5700)=A(6,4J)
KZ=418

KZ3=818

GC TO (8144815),4A

cl

218
219
220
221
222
223
224
225
226
227
228
229
230
231
232
236
237
238
239
240
241
242
243
244
245
246
247
248
249
250
251
252
253
254
255
256
257
258
259
260
261
262
263
264
265
266
267
268
269
270
271
272



758 IPHO=0

KBE=0
RESET REFINED IMAGE AND GRUOUND COQURDINATES IN B AND € A
156 JA=1 2y
CALL LCOC{1l,JLOC,KBE} 280
CALL RD{LlyJAsBel539E4254) 281
GG TO (759,768}, I0QUT
759 MARK=0
ITEST=1
DC 802 1=10201+1023¢
802 Gtli=0.
RESET CAMERA PARAMETERS IN C ARRAY ——
768 1PHG=1PHO+1 . 21
DC 812 J=1.3 el
CiloJd)}=CAM{ IPHO,+J* 4]} 24y
C{2+0)=CAM{ [PHO,J*]) 291
812 C(34J)=CAM(IPHDsJ*57) 292
GC TO 652 293
809 GC TO (80S+813)+JA 294
813 LAST=0 295
LF{LARKRY) 767,767,807 296
BO7 FL=B(51,2) 291
COMPUTE C ARRAY ROWS 16 THROUGH 20 FUR EACH [MAGE 298
267 IF(B(50¢2})1650¢650,648 - 299
648 NMIz? 300
GC TC 651 301
650 IF{B{50¢3)11¢653,653,654 302
654 NMI=1 303
NROW=12 304
LAST=1 305
GC TO &55 306
653 NMi=1 307
651 MROW=EBI(S51l.3} 308
655 DC 656 NU=NM],NROW 309
GC TO (H6&,867),10UT 310
867 00 868 J=1,LINE 311
FFIEINUsL)=A(1,+J0))186B,B69,868 312
868 CCNTINUE 213
869 JULY=3%J 314
IF(A45,0))870.,87C+871 3ls
871 EINU2)sE{NL,2)*G{JULY=-2} Al¢
EINU»3=EINL3)+GLJULY~]1) 317
B10 IFLALL,J)1BEE,B66,872 AlE
872 EINU4)=E{NU+4)+GLJULY) 319
866 OC 657 K=1,3 320
697 CL16oK)ZE{NLyK+]1)~C U1K} " 321
GG TD (872,874}, 10U7T 322
874 J=17 ’ 323
GC TC 875 324
873 J=20 325
875 K=4 326

52



658

769
660

659

662

663
661

860
Bo4
86l
862

863
865

179
786

187
788

789
727

664

665

666
667
668

CC 658 L=17.J
CC 658 I=1.3
C(LyI)=CIKoL)*C{1lb6s1) + CUK2)5L(1642) + CiKs3}1%C(16.3)
K=K+1
GC TO (765,77C), IOUT
COMPUTE P COEFFICIENTS GF OBSERVATION EQUATIONS FOR EACH IMAGE
CO 65% I=1.,2
DC 660 L=1,4
P{lel)=(BINUs 181 )%C{L# EL3I(~FLI®C{L+16,133/CL1T,3}
DC 659 L=5.7
PUL L) ={=BINULI+11*¥C {6+ L=4) 4 {-FLIPCLLI 3 L-4))%CAM(]L1 . T)/CLL1T+3)
ARRANGE AUGMENTEC CUOEFFICIENT MATRIX
DC 661 1=3,4
CC 662 N=1,3
PIIsN)==P{]l=-2,N*+4)
DC 663 N=4,5
PILoN)=P({[=2:+Nh~2)
P{I.10)==-P{I-2,1)
WEIGHTING THE CONTROL STATION OBSERVATION EQUATIONS
DG 860 J=1l,LINE
IFCEINU1)~G(3*J+5698))8€0,864,860
CCNTINUE
IFIG(3A*J+565S5))BE2,86]1,862
IF{G(3*J+5T00)18£2,865,862
DC 862 [=3,4
pC 863 J=1,10
PileJ)=P{lsJ)®WTCON
CCNTINUE
WEIGHTLING EQUATLIONS FOR LOCATION OF [IMAGE ON PLATE (RESOLUTION)
RADIUS=SQRT (BINU,2)%*2 & BINU,3)%%2}
[F(RACIUS=.0T7)172T:7127:779
EF(RADIUS=.12)7BL,786,787
WEIGHT=wWT?712
GC TC 788
WEIGRT=wT-12P
DC 789 [=23,4
COo 789 J=1,10
PlLsJl=P(1sd)*dEIGHT
CONTRIBUTION TO COMPRESSED NCRMAL EQUATIONS
GC 664 [=5,13
DC 664 J=1,10
Pil,+J)}=0.
DC 665 I=1.9
OC 665 1P1=3,4
CC 665 M=, 10
PlI#4 M}=P{]4+4,M}+P{IPL,I)*P(IP],HM)
DC 666 J=1l:LINE
IFLE{NUoL)-GLI®J+5698) ) E£6,66T 666
CONT INUE
DC 668 1=1,3
All+Jd)=A(LleJ)#+P(5,1]])
Albd oy d)=Al4,0}4PL6,2)
AlSeJ)=A(S:J)+P{6:3)
Al J)=A06J)+P{ 7431}

53

333
134
335
336
337
338
3ig
340
341
342
343
344
345
346
347
348
349
aso
sl
52
353
354
355
356
357
iss
359
360
361
362
363
164
365
366
67
368
369
it
Tl
372
a1
374
3715
376
377
s
are
380









.2-P4
685

687

588

700

701

689
686

681

823

705

(e NU
L
L
t
dyt ASToMI-A{NROW. M) ®A(J,M)
J=A{NROW+M)*GIN)
LA 1 =4T]
OC 681 NU=1,IPHO
N=T, + CLM(NU,57}
DG 687 ITEST=84N

IF(GIA®MeSESBI-CAMINU, ITEST1)687,£884687

CONTINUE
GO Ta 681
KI=416+2%NU
CALL LOCU(Y}yJLCC,KZ)
CALL RD(~1,JA,Z,88B2)
MARK=({ITEST-B)*3
MCRT=MARK+3
NROW=0
cC 689 1=1,.,13
NROW=NRQOW+1
MARK=MARK+]
CC 700 J=1.¢
Z(MARK y JY=ZIMARK 3 JI/ALNRDW,y M)
IF(I-3)T01,686.,7C1
K=MARK+]
OC 689 L=K,MORT
NROW=NROW+1
OC 68% J=1,6
ZIL+3V=2 L s J)—ALNROW s M) *2Z ( MARKyJ}
CALL LOC{l,JLOC.KZ)
CALL Wil,JA,1,882)
CONTINUE

EFFECT CF GOBJECT RONS ON CAMERA ROWS
CALL LOC{1,JL0C,2331)
CALL WlleJAyA,NAD
KZ23=818
LG 704 NU=l.IPHO
MCRT=1ITGTAL+1-NU
H=6%MORT
NA=&HEM
Ki=4lb42%N)
NMI=T7 ., ¢CAMINU,5T)
LAST=3,%CAM(NU.57)
NCON=MAU
CALL LOC(1l,JLOC,KZI3)
OC 824 [=1.6
CALL LOC{1.JLOC,K1)
CALL RD(-1sJA4Z,882)
CC 705 L=1.6
0C 705 1=1,LAST
DC 705 J=L.6
AlL 2 J)=ALs =20 oL }*L(1+J)
ITEST=B

56

486
487
488
489
490
491
492
493
494
485
496
497
498
499
500
501
502
5C3
504
505
506
507
508
509
510
511
512
513
514
515
516
517
518
519
520
521
522
523
524
525
526
527
528
529
530
531
532
536
537
538
539
540
541
542















Cla,J-4)=Gt I-3) 1
Cil54J=4)=S5QRT{1u~CléeJ=G)*¥C(&yJ=4)) 1
C Oy J=a ) =CANMIKy J=2) %L (54 =4 )+ CAMIK J+53)%C {4 J-4) i
ClTod=4i=CAM{K #5320 L 5sJ-4)—CAM{KyJ=3) 2 {4, J-4) i
CAMIK,J=31=Cl6,J0-4) 763
T45 CAMI( Ko J#53)=CLTeJ~-4) i
DETERMINE MAXIMUM CORRECTION TO DRIENTATIDN PARAMETERS AND TEST 1
AGAINST LIMIT 166
LROW=4500+#6%]PHO 767
L=4501 168
J=4501 169
753 CC 749 N=1,2 770
IFCABSIGIL)}=-ABSIGLJY))T504749, 745 771
750 L=J 772
CL 824 J=1.+HM 533
824 AlIyJi=0. 534
CaAlLL RO{1l,JAsA:38) 5359
T49 J=Jd+1 773
TFCABSIGIL) )=ABS{GIJ)I}TSL,752,752 174
751 L=J 175
7152 J=J+4 176
IF(J=LRCWDITS53,753, 754 777
754 PRINT S33,ITERAT .G(L) 778
IFCABSEGEL) }=,00C01) T46 746,747 719
ITERATICN REQUIRED 780
747 ITERAT=ITERAT+] 781
IF{ITERAT=MAX)T4 E, TGB, T4E 782
T48 CALL LCCél,JdL0C010 783
673 CALL RO(=-1,4A,B,153) 184
GG TO 764 785
BLOCK FINALIZED=-QOUTPUT OF XsYsZ ON GROUND 746
T46 PRINT 534 787
PRINT 540,((A{JyIV¥yJ=lea}yI=1l4LINE]} 788
PUNCH 5‘!01((A‘J|[)|J=1"|,|1=1'LINEi 789
BLGCK FINALIZED=--PRINTOUT QOF LAST OX,0Y,0Z COMPUTED FOR CONTROL 790
STATIONS BY LEAST SQUARES BLOCK SOLUTION 791
PRINT 530 792
DC 721 M=1,L1NE 793
IFLA(S,M))843,843,703 794
843 JFULA(GE,M))T2]14721,703 799
703 JULY=3%M 196
JUNE=JuLY=2 197
PRINT 540,801 4M) o (GC1)s I=JUNELJULYYE 798
721 CCNTINUE 799
BLOCK FINALIZEO--OUTPUT OF X AND Y PLATE RESIOUALS 800
PRINT 536 801
ICUT =2 802
SCALE = 0. 803
P{l1,10)=0. 804
P{2:10)=0. 805
GC TO 748 806
524 FORMAT{ 1X e dls 1XeELlGaBs2(3X s F2a1)e2Xel243XKe[1F6Ga0) 807
529 FCRMAT(TXsl3,3(2X911)e2X4E14.8) 808
9526 FCRMAT(IXsIGe2{2XKsEL4.8)43T7XeI1) 809
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308

907

909

904

910
9l1l

941
934

942

943

944

912
916

213
915

914
9l8

921
522

919
926

923

925
900

945

920

DEI o2 ¥=001,J1/5QR

[IFCLI=-3)907,90¢,904

[Pl=1+1

00 909 L=IP1l,.3

DC 909 J=L+4

DIL ¢ J¥=D{Le JI=DLI4L)*DUIL.J}
BACK SOLUTICN

DE3+41=0(3+41/003,3)

DC 911 [=1ls2

NMI=3-1

NMIPLl=NMIt]

DC 910 J=NNIP1.3

DINMIE+4)=DINMI+4)=D(Je4)*DINMI,J)

DINMI+4)=DUNMI,4)/DINMI,NMI)
GO TO {941:542), 160

ITERATE XYZ SOLUTIGN
DO 936 J=1.3
CAM{200¢J+10)=D0 J+41}
1G0=2
GO TO 904

TEST TGO TERMINATE X¥Z ITERATIVE SOLUTION
FK=ABS{D(le4}=-CAM{200+113)*%{-CAM{IMAGE,19))/C{9,3)

IF(FK-0.00000119434+943,941

FK=ABS(D(2,4)-CAM(200,12} ) *{=CAMIIMAGE+19))/C (9,3}

COMPUTE PLATE RESIDUALS
NEIL=2
GC TO 904

DETERMINE MAXIMUM PLATE RESIDUAL AND TEST AGAINST RESIDUAL LIMIT

I=1

M=1

M=M4l

IFUM=MORT }913+313,914

IFCABSI{CAML1,20) }=ABSICAM{M,200))515+916916

I=M
GC TOD 914

IFCABSU{CAM{1+20))-RESIC)IFLT 517,918

BAD RAY
L=1/2
IFCI=2%L)S21.521,922
I=1-1
MARK=NMARK+]
[F{MARK=11919,919,920
IFTUIMAGE-3}1520+920,926
PRINT 545,CAM(I,11])
IF{[-IMAGE)923,900, 900
DO 925 K=11,19
CAMI 1 K )I=CAM{IMAGE.+X)
CAM{I+1,K)=CAMIMORT 4K )
NEIL=1
OC 945 J=1+3
CAM{Z200,J+101=D0(Jv4}
GC TO 924
PRINT 550,CAM{I,11)

ol

918
919
920
921
922
923
924
925
926
927
928
929
930
931
932
933
934
9135
936
937
938
939
940
941
942
943
944
945
944
947
948
949
950
951
952
953
954
955
956
957
958
959
960
961
962
963
964
965
966
967
968
969
970
971
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Appendix 3

Annotations to
Source Fortran Program

The following annotations pertain to the source

Fortran program (Appendix 1 ). The numbered annotations
refer to the line numbers that are shown on the right

in the program listing. Expressions such as "3792 = LO97"
are used to mean "Statement number 792 occurs on Line 097
of the listing".

013

Cc1lhL
015

0l6

017

018

C19
020
021

023

026

028

The number of words in the dimensioned arrays is

33,679.
For use in the intersection subroutine TNSECT

Constant meaning "first iteration of the block
ad justment phase,

Constant. IGO0 = 1 indicates the Resection phase;
= 2, the Block Adjustment propser.

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

TRE is a count of the number of jiterations on the
Block solution.

Initializing a variously used constant.
A disk guard.
Job title: =see Lines L) and 258.

This 1s the convergence criterion for the camera
angle parameters, particularly applicable to
Resection, normally 10-2 radian (about 2 arc
seconds), fixed in this program, but subject to
modification.

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

Clears the first row in the A-array in order to
congtitute a valid test in Line 115 as to whether
this row is empty. 1500 columns must be cleared
because the total number of objects in the Block
is not yet known,



031

033-
oL2

67

8792 = L097 means "Statement 792 is on Line 097".

LARRY: =zerc indicates thet a single focel length 1s
used throughcut; 1 indicates & possible different
focal length for eech photo.

FL: focal length.

WT 712: weight facter for observation equations of

images 7 to 12 cm from the center (factor 1 built in
for 0 to 7) for possible use to reccgnize variation

cf image rescluticn of the lens.

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

WICON: a weight factor for contrel points to regulate
collinearity (in addition tc "positicn" weight facter
cn Line 0135).

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

RESID: The maximum residual discrepsncy in microns
allowed In INSECT as a criterion for rejecticn and
error messages; to detect bad data--these are not
processed previocusly.

Input of all the provisional coordinetes for all the
objects used in the Block, including control: c¢bject
identification number, X-coordinate, Y-coordinate,
Z-coordinate, XY¥-weight, Z-weight. These "position™

Weight factors for the control points are used after

the ncormal equeaticns are formed in the Blcock adjustment

tec multiply the coefficients c¢f the respective diagonal
terms, JITEST cconsists of a signal punch ¢f 1 in column

80 of the last card. NCON is a count of the total

number of objects which must not exceed 1706; if it does,
an errcor message is printed and the computaticn is stopped.

This is a "stall" statement which assures that the B and
E-arrays for the previous photograph have been completely
transferred to disk before the new data 1s input.

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



oué

o0L8-
052

053

05y~
056

057-
059

061
062
063~
072
073
074

077

68

photograph is the last one of & strip  has
no useful imeges on the right side. B

ordinarily zero, is 1 if the photograp last
one of the Block. B{(5l,2), ordinarily the

focal length for the subject photograph, and is used
only when more than one focal length is used as
indiceted by the value of LARRY on Line 031.

If LARRY is zero, & single focal length prevails and
the computation proceeds to Statement 80l on Line 0L8;
if LARRY is 1, different focal lengths are involved
as specified by Statement 805 on Line OLT7.

Input procedure for all the images from this one
photograph, including nine-digit image identificmtion
number, the refined x-and y-coordinates, and signal
ITEST = 1 in column B0 of the last card for the photo-
graph.

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

If the number of images on this photogreaph exceeds 49,

an error messege is printed and the computation stopped.

Note that some of the }9 are images of control stations.

Also, only the first (or 12)18 are used here in Resection
whereas all of them are used in the Block. An unlimited

number of additionel iImeges can be accommodated later in

the INSECT subroutine.

On the first disk CALL, the locator i1s automatically set
et arc zero: thereafter the lccations are at arcs 2, U,
6....398 for 200 photographs.

Return here from Line 785.
NU is the counter for the rows in the E-array.

Procedure for ignoring those rows in the E-array that
are associated with null imeges on the first and last
photos of &ll strips.

NMI is the integer form of the number of imaeges on the
photogrerph.

K is the number of the image being processed. (8792 =
L 097)

FK is the 6-digit number of the object associmted with
image K. FK consists of the finel 6 digits of the 9-
digit imege identification number: e.g., 1f the i.d.
number is K = 119 114 331, then FK = 114 331.






11y

115

121

124

126

127

128

129

131,
132

136

137
138
139

141

142-
146

S mt 642 indic:

tiwios 1.ne of the At L t
is already in the A- . L

the next E-object.

64l indicates that the A-row contains obiect data:
therefore test the next line. 643 indic hat
A-row is empty; therefore transfer the E __,_._.t t

S 646 = L 11l.

N i3z the count of the number of iterations of the
Resection solution.

E(11, J + 1) always pertains to an object near the
center of the photograph because of the order in
which the input cards are presorted: its X and Y
coordinates are taken as the first approximation
of X5, Yo of the camera station.

The first approximations of sin w and sin 8 are set
equal to zero.

The first approximations cos w and cos 4 are set
equal to 1.

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

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

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

Initial approximation of s3in .

Initial approximation of flying height Z,.
Initial approximation of cos «.

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

To prevent the incorporation of an indeterminant case
for any Resection solution, none is allowed to iterate

more than 5 times. If one does, appropriate data is
output and the whole solution is stopped. S 893 =1L






208-
223

224
225-
226
229

230-
235

237-
239

241
242
24l

245

246
247

28

T2

S 699 = L 216. The formation of normal equations,
and their forward and back scluticns is explaeined
in Technical Bulletin 21, page 38, and Technical
Bulletin 23, page 6.

The "answers" of the solution.

The effect of the "scaling" facter (C(1,3)) in Line
200 is cancelled s¢ thet the linear corrections are
expressed in appropriate units of measurement,

The linear corrections are added to the camera
parameters X, + dX,, etc.

The angular corrections are added through the use of

the standard trigonometric formulas for sin (a + &),
etc. It is assumed that &, (44, etc.), is a small > k%
angle so that sin df = arc dé and cos df = (1 - arc™dg)
are essentially vaelid. Although they will not be
entirely valid on the first iteration in Resection,
subsequent iterations are essentially correct as dp
becomes all: in fact, arc 4, etc., is each smaller
than 1077,

Are all of the angular corrections less than 10752 1r
not, return to 8 610 = L 147 for another iteration of
Resection for this photo. 1If yes, store the final
Resecticon parameters.

IPHC is &8 serial count number of the photcographs.

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

Storing the Resected cosines of the three angular
camera parsmeters.

Storing the Resected sines of the three angular
camera parameters.

Storing the three Resected linear camera parameters,

S 604 = L O4ly to Read cards for next photograph unless
all of them heve been prccessed,.

A test to stop after all Resections are computed if
one or more required more than 5 iterations.






285

288
289-
292
293
294

296

300
303
307
308
309

310

311

315

316
318

7h
Clear cells 10,211 to 10,238 in the

gsummation of the Z3-portion of the n
for one photo at a time.

IFHO 1s the number of the photc now being processed.
Trangfer from CAM-array to the C-array the camerg
station parameters and the sines and cosines . the

three orientation parameters for this photo.

Go to S610 = L1L4O to form the C-array orientation
factors.

A "stall"™ instruction to allow completion of L281
before proceeding.

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

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

Not an end photo of any strip.

Number of images on this photograph.

NV is the image number on photc IFHO now being
processed, S 656 = L }13

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

0ol

Search for the J-value locating in the A-order list

the object that corresponds to image NV. (Note for

Lines 311-319: At control stations the lack of
collinearity is due to the image residual plus the

effect of the control staticon which is not been allowsd--
through welighting--to adjust; this section appiies the
computed d¥X, dY, dZ, thence the residuals Vys Vy can

be evaluated later as pll/A3B’ p21/ABB.

Go to 8 870 if there is no XY-weight; otherwise
go to 8 871.

X+dX and Y+dY for welghted control stations.

Go to S 866 if there is no Z-weight; otherwise go
to § 872.



319
320

322

323-
324

327-
330
331

335
337

341
343
344
346~
L8
349
350
351

356

357

75
2+dZ for s Weighted contrecl atation.
X-Xg, Y-Yg, 2-24
Go tc S 873 to form cbservation equations; to S 874

to compute image residuals if the orientation
solution has been finalized.

This limits the loop on L 327 to computing A B only
if image residuals are nesded,

A;B, (2d43/2w0)B, etc.

Go to 8 770 = L 407 to compute the residualsg if the
orientation solution has been (inalilzed.

pjl/A3B...pju/ASB, j=1,2.

/A.B...-p.,/A.,B, j = 1,2. The term CAM(1,7)
(ai§1téde) is Z séallng factor applied to make these
terms the same genersal magnitude as the linear terms

on L 335,

Transfers the p-ccefficients for the object terms 4AX,
dY, dZ into rows 3 and L.

Transfers the linear p-coefficients for the camera
terms into rows 3 and L.

Transfers the constant terms —pll/ABB and —p21/A3B.

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

If an XY-weight is present, go to L 351; if not, go
o L 350,

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

Multiply the twoc observation sequations by the factor
WITCON to influence the colinearity condition.

Distance {radiusg) from the prinecipal point to the
image in meters.

If the radius is less than .07 meter, the weight factor
ig 1; if more, proceed to next instruction.



358
359
361
362

366-
368

369-
372

373

375-
380

381-
383

384-
389

390-
398

If the radiu
line; 1if gre

Defines the
for .07 to ._._.

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

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

Clear rows 5 to 13 of P-array in which to form the
contributions of two observation equations for one
image to the system of normal equations.

I is the number of a column of the two observation
equaticns. M is equal to I to avoid computing terms
below the diagcnal matrix for the 9 normal equatiocns
for this image in rows 5 through 13.

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

Adds contributions of the dX, d4dY, dZ coefficients of
the two observation equations for an image (store’ 'n
tc the accumulating values in A. This portion is 1
the Z1 sector as shown in Figure . Note that other
centributicns to A also come from other photos: also
Z1 must be vacated for the next image.

Adds contributions of the constant terms for the ™
dY, dZ equations to the accumulated values in cel 1-
cf the G-array. This is the upper portion only of thi
Z2 sector. OCther contributicns te these terms for th:
object come from other photos.

These terms are from the Z-sector and ars transferred t
the Z-array for each image. These terms do not receive
further contributions: they are the products of the
object coefficients and the camera coefficients. They
are stored for photo IPH in rows 1-147: the

rows 1-3, the second in rows }-6; etec.

The terms in the Z3-sector are the products

parameters by themselves, and contributions

image in the P-array are added to the accum

in the G-array until all the images on a phe

processed. They consist of the 36 terms of a 6x6 matrix
where the terms below the diagonal are zeros, and are
located in cells 10201-10236 of the G-array.



77

399- The contributions of the constant terms in the lower

402 (camera) portion of the Z2-sector in the P-array are
added for each image to the accumulating values 1in
cells 4501-5700 of the G-array.

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

L0S Go to 8656 = L 413 to process the next (NU+1l) image
on this photo TPHO.

4j06 Where the computation is directed here from L 331,
only the residusl (constant) terms need to be
recomputed instead of all the seven coefficients.

408 Computes vx = pll/A3B and vy = p21/A3B

4109 Prints the object number and two residuals.

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

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

413 From line L05.

Bl S 693 = L Wh2

415 Used only after the Block has been adjusted.

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

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

418 If the photo is the last one in the Block, go to
S 775 = L 41263 otherwise to 777.

419 Arc locator for B and E arrays for photo (IPHO + 1).
2o s 776 = L 279

j21- Procedure if more than 18 images have been input for
423 photo IPHO. 8 651 = L 318

426 Compute RMS precisign indiEator for, Block from accumulat
total: RMS = [(5v,” + ™V, °)/SCALE)®



La7
y28
430
431
h32
L33
L3L
436
439
hhy2

NE)
Wy
LUS

Llb

L47-
18

Lhy9-
450

451
L53
L5y

455-
L57

Print RMS

Heading for print columns for data to .
Sin w, o, %.

Cos w, @, ®.

Column headings for data to follow.

Photo No. XO, Yo’ ZO.

Call Intersection Subroutine.

Block Adjustment Completed.

Go to 8 776 = L 015 to initialize for the next Block.
Go to 678 if this is the last photo of a strip;
otherwise to 680 and continue this sequence of

instructions through L 45l.

Go to 8 679 = L 455 if more than 18 images are input
for photo IPHO: otherwise to 680.

Go to 8 677 = L 458 if this is the last photo in the
Block; otherwise to 692.

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

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

Transfer core Z-array for photo IPHO onto disk.
Transfer core G (Z3) for photo IPHO onto disk.

Arc locator for Z-sector for photo (IPHO + 1}
Arc locator for Z3i-sector for photo (IPHO + 1},
S 756 = L 279

From line 43 if there are more than 18 images on
photo IPHO. S 651 = L 308.






483

L3l

485-
491

492
493

Lol -
L9

1,98
500

502

503

505

509
510

512-
515

516

80

Divide the constant term ZZ2 for this row by the
square root.

If the object row is less than 3 proceed with the
following computation: if 1t is egual to 3, go to
the next sequence. S 685 = L }93

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

Last Zl-term on row (I + 1).
5 681 = L 521

If object M is imaged on photo NU, go to S 688 = L 499;
if not, go to L U97.

S 681 = L 521

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

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

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

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

Divides terms of Z {row MARK) by the squmre-root term.,
If the object row is less than 3, procede with the
next instruction; if it is equal to 3, exit from the
loop by going to 8 686 = L 516.

Effect of the square-root row on the Z rows after row
MARK.

Transfer core Z for photo NU back onto disk.



520-
521

522
523
52h
525
526
527
528
529

531-
533

534~
535

536-
537

538-
54l

su2

543

Shly

SL5
546

81

Transfer ¢ e A(Z1l) onto disk. Note that NA = 6:LINE
from L 257.

Arc locator for Z3 for first phote in the Block.

S 704 = L 584

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

Number of cclumns of A required to hold uncompressed Z3.
Number of words in uncompressed Z3 for photo NU.

Arc locator for Z of photo NU.

Last CAM column containing an object imaged on photo NU,
Total number of rows in Z-array for photo NU.

Clear A-array for storing uncompressed Z3 data of photo
N[I.

Transfer disk Z3 for photo NU into core A (uncompressed).
Transfer disk Z for photo NU into core Z.

Pairs of coefficients (six in all) of camera parameters
in the Z-gector for an okbtject on photo NU are muitiplied
and their products are subtracted from the appropriate
terms in the Z3-sector. In the process each coefficlent
is used in turn as a (constant) multiplier of each of
the remaining (variable) coefficients {including itself)
in each row.

ITEST is the first CAM column containinrg an object
falling on photo NU,

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

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

MARK is similarly defined as the first row.

NCON is defined as the number of photo after NU.



547

548-
550

552
553

554~
559

560

562

563-
567

568-
570

571

572

573-
580

581
582-
583
58y
586

82

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

J 1s the location of ITEST in the order list.

N is the dZ_ -row in G(22) for photo NU.
K is the dw-row in G{22) for photo NU.

Similar to 538-541 above, this is for the photo NU
products of the camera coefficients times the constant

terms stored in 22, and the results are stored in
G(1 to L 500).

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

Go to S 712 = L S46 to process the object in column
ITEST

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

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

JULY is defined as the last column in the uncompressed
A(z3) for photo NU where the object also appears on photo
NCON.

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

Similar to lines 538-541, pairs of coefficients for

the object on photo NU are multiplied by the coefficients
for photo NCON, and the product subtracted from the
appropriate Z3-term.

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

Transfer to disk the entire uncompressed A{Z3) data
for photo NU,

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

N is defined as the number of columns of 23 for the
first photo in the block.



587-
588

589-
590

591
592
595
596
597-
598
599

601

602-
603

60l

608

606
607
608-
612
61L
615

616-
625

626

83

Transfer G(1l) through G(N) to disk. Note that N does
not exceed 1200.

Transfer 37 columns of CAM-array to disk.

Beginning disk arc for 23 rows of photo 1.
Processing Z3 rows for photo NU. S 723 = L 668

JULY i3 defined as the number of columns in 23 for
photo NU.

NA is defined as the number of words in the Z3 row for
photo NU.

Transfer from diask the Z3 rows for phote NU into the
A-array.

Reset the disk arc KZ3 for later use.
Extract the square root of the leading term of row I.

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

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

The constant term times the -reciprocal of the aquare
root term.

5§ 728 = L 613

IP1 is defined as the first row following the square-
root row T.

Effect of the sguare-roct row I on the rows that follow
for 243 and constant terms on photo NU.

Transfer 723 of NU back onto diak.
S 829: tranafer Z3 of photo NU to CAM-array to include
the effect of photos after NU. S 723 = L 668: NU is

the last photo in the block. S 729 is never exercised.

Transfer Z3 for phote NU into CAM array.

For photos after NU.



627

628
629
630~
633
63

635
636

637
6138
639

610

641

6L.2

643

6Ly

645

6l6-
657

61,7

Have all the p 1 in the £ be
overlap onto NU? If su, go t
if not, proceed to the next instruc

N is defined as the last column in Z3 for NCON in
the A-array.

M ils similarly defined ss the first column,
Is the 6 by 6 square for photo NCON all zero?
If so continue to next step; if not go to S 818 =

L 636,

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

Go to 8 72y = L 626 to test (NCON+1),

The 6 by 6 square for photo NCON is not all zero;
whence set 1 in CAM column 37.

Same 83 S 635 above.

Set zero for NU in CAM column 137.

NCON is defined ms the number of the photo being
processed if it overlaps photo NU., S 8132 =

L 667.

Does photo NU overlap NCON? If so, proceed;

if not, exit to S 8135 = L 667. Note that if
NCON = NU, also exit to L667.

Set disk mrc for NCON.

NA is defined as the number of words on a row
of 23 for NCON,

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

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

Reset disk are KZ for NCON for later use.

Transfer row I of the Z3 data for photo NU from
CAM to G(1 to JULY).

S 808 = L 665



658-

664

658

659

666
667

668
669-

670
671

672-
674

675

678

679
680
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Similar to L 538, the products of all pairs of
coefficients In 23 are subtracted from the
appropriate terms below for the coefficients

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

L is defined as the row of the 23 data for photo
NCON now being processed.

M is defined as number for dw through 4Z, for the
Z2 constant term for NCON = 2, etc.

Transfer the 23 data for photo NCCON back to disk.

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

K73 is the beginning disk arc for Z3 for photo
(NU+1).

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

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

Return from disk the data in the G{(1-N) array.

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

KZ is the beginning disk arc for Z3 data for photo
(NU+1).

Set disk arc to KZ for later usse.

If (NU=1) is the last photo in the Block,
proceed; if not skip to S 733 = L 6865,



695

697

698

699

700

701

702-
704

705

706

708

709-
713

714~
716
717

718

720~
726
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These are the anawers to the corrections for the
adjustment. dw...dZ; for photo NU.

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

NA is defined as the number of words in the Z3
data for photo (NU+1}.

Transfer Z3 data for photo (NU+1l) from disk to
core A-array.

JULY is defined as the last column in the A-array
containing Z3-data for photo {(NU+1).

Similar to L 671, this is for the Z, 71, and Z2
sectors, solving for the three corrections d4X, 4y,
dZ to the coordinates of each ground object through
substitution back into the rows.

Transfer Z1 into the A-array from disk.

ITEST is defined as the last object in the Block
because, in a back sclution, the computation
rrocedes from the "bottom" toward the "top", or
from the "last" toward the "first",

NROW is defined as the location in G(1 to 4500)
(Z2) of dZ for object ITEST.

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

Does object ITEST appear on photo NCON? If so,
using the value of k, go to S 788 = L 714; if
not, go to 3 74,3 = L 728.

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

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

MORT is defined as the location of dZ «e.dw for
photo NCON in G(4501 to 5700) (zZ2).

In the process of substitution, products of
coefficient times previc- "7 nputed correction
are subtracted Crom the 3 t terms for 47,
dY, d4X for photo NCON lcvacveu 2 G(1 to 4500),
which is Z2.



27

729-
732

733

734

736

737-
738
739

71

T2

Thl

T

7,8

749

751

753

87

NROW is defined as the loecation number in
G(1-4500) (which is Z2 data) of dZ for object
ITEST.

The d4X, dY, dZ corrections {answers) for
object ITEST.

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

If the object is the last one to be processed,
proceed; if not, continue the procsss by
returning to 8 742 = L T06.

SCALE is the scaling factor used on L 337.

Transfer from disec the order list into Core A.
Note that gtill NA = 63#LINE.

M is defined as the order of an object. S T4 =
L 750.

JULY 13 defined as the location of the dZ-correction
for the object M in the G{1-4500) array which
cor 'i1ins the Z2 data.

Similarly, JUNE i1s defined as the location of the
dX-correction for object M.

The effect of the scaling factor introduced on
L 337 1is removed here.

If an XY-weight is present, the correction is not
applied to the input coordinates, whence continue
to the next object; if no weight is present, go

to 8 ?95 =L 7)4-9-

If a Z-welght is present, the correction is not
applied, whence continue; if no weight is present,
proceed with the next ingtruction.

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

K is defined as the photo to which the six
corrections dX,, d¥,, dZ,, dw, dw, dx are to be
added. S 74S = T 78l

JUNE is defined as the location of d¥, for photo
K in the G{4500-5700) array which contains Z2-data.
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754  JULY is similarly defined as the location of
dz ..
o

756 Removal of the effect of the scaling factor
introduced on L 337,

758 The dXq d¥,, dZ, corrections are added to the
resected coordinates of the camera station.

759 Transfer of angular corrections from G to C-
arrays. 1%t is considered that dw = sin dw,
do = sin do, dv = sin dx

760 Determination of the cosines (all plus)
corresponding %o the sines in the previous
atep.

761- The sines and cosines of the three angles

762 from the resection each corrected through use
of standard trigonometric formulas for the
sine (cosine) of the sum of two angles.

763~ The corrected sines and cosines of the three
76l angles are stored in the CAM array.

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

770 S 753
776 3 753

L 773
L 770

778 Print the maximum orientation correction
encountered during this iteration.

779 If the maximum exceeds 10-5, go to 8§ 747 =
L 781 to begin new iteration; if not, go
to 8 746 = 787 to terminate the computation.

782 MAX is the specified maximum number of iterations
allowed by the input L 031l. If the number of
iterations 1s less than MAX, proceed to next step
to begin a new jiteration; if more than MAX, go to
S 746 = L 787 to terminate the computation.

7813- Transfer from disk to core B the refined coordinates
784 for the next photo. The disk arcs advance automatically
for each photo: C, 2, L4, 6...398.



785
7687

786~
789

793

794~
795

796

797
798
801
804
805
8Lh2
843
8ty

846

8L7

8L8

849

8¢9

S 764 = L 061

Column headings. S 534 = L 820

Object No., X, ¥, Z. S 540 = L 827

M 4is an object number S 721 L 799

Testing for the presence of control weights.
If a weight is present, proceed to S 703 =
L 796. If no XY-weight, test for Z-weight,
1f no Z-welght proceed to S 721 = L 799.

JULY is the location of dZ for object M in
G{1-4500) which is Z2 data.

Similarly, JUNE is the location of dX.

Print 4X, dY¥, dZ.

Photo (plate) residuasls. S 536 = L 823
Storage address for accumulated Zvi .
Similarly for Zv?.

Heading title. S 547 =L 994

Total number of objects processed.

If NEIL is 1, the computation proceeds with
the least squares solution; 1f NEIL is 2, only
the residual discrepancies are computed (the

two use some of the same formulation).

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

If IGO0 = 1, the term A.B is set equal to 1 because

sufficient data are not yet available to compute
its value; if IGO0 = 2, A3B is computed.

Go to 8 879 if a single focel length prevails;
if not, go to S:878.

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



851
853

854

856
857

859
860

861

862
863

86l -
568

868-
871

869
870
871

873-
882

87U
875

90

Input the same, except for foecal length,

J is the photo number in fixed-point
notation.

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

The number of the object in floating point.
Teat to determine whether this is proper object.
If this 1s the same object, read in the next
image: S 881 = L 848. 1If this is a different
object, proceed to compute (S 882 = L 860).
Each objec¢t i3 computed through the use of
geveral images one on each of several photos.
The cbject number remains constant until all
images are processed.

Read in the next image.

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

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

Similarly, the last row.
S 883 =L 906

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

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

Xo» Yos Zg

sin w, 3in o, sin x

cos w, ¢o03 @, COS

Computation of the nine elements of the
orientation matrix for the photc in the zame

manner (but abbreviated for the Intersection
routine) as on line L 131ff

811

871
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876 ag
877 &y,
878 a,,
879 a3
880 aj,
881 &y,
882 "33

883 If the intersection solution is needed, proceed
to next step; if only the resgsiduals are needed,

go to S 895 = L 891,
886 L = 15--X-coefficient; L = 16--Y; L = 17--2.

887- Formation of the p-coefficients of the linear
888 terms 2s shown in the formulation. p 5 = Xa3] - 2877,
Pp7 = Y843 - 28pi. CAM(I,19) is the %ocal lgngth z.

889- Pormation of the coefficients for the observation
892 equations for Intersection: X_  p dXx + Y_ p dY +
o ¥15 o Flé
Zo P15 dZ, ete.

893 To by-pass the formation pf, the image residuals
at this time, go to 3 937 = L? if IGO = 1, setting
A,B = 1; but proceed to the next step if IGO0 = 2,
cbmputing A3B.

895 X-Xqo, Y-Y,, Z-Zg4

8§98 A{B, A5B, A,B

3
899 S5 939 = L 904

900- Dividing the coefficients by A3B'
Q02

903 Skipping computation of residuals.

90L- The residuals: v, = x - zAlB/ABB; v
905

906

y =3 - erB/ABB.
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964~ Replace the image having the excessive residual

966
967

971

9704~
975

978
979

982

98 13-
987

992

with the last image.

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

Print error message about seccond had image.

Print Object Number X, Y, Z. S 546 = L 993,

Print Image Number v v

x? Yy

If zerc (blank card at end of data), procceed; if
not, return frem subroutine to the main preogram,
out te L L36.

Four blank lines for spacing the printcut.

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

Go tc S 929 = L B57 to process the next object.

A binary disk subroutine (consisting of 66 cards),

called the input-cutput package, is added tc the program.
As this does not constitute photcgrammetry, it is
omitted because it has only to do with the utilizetion
of the particular computer.
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