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CHAPTER I

INTRCDUCTION

I-1. Introductiomn:

Aerotriangulation is a method for determining the ground positions
of objects through photogrammetric measurement of aerial photographs
with special emphasis on converting individual models of different scales
tc a common scale and connecting them to form a common strip. The common
strip coordinates must then be adjusted and transformed to a ground

coordinate system.

The three general methods used in the performance of numerical

aerotriangulation, are namely:

1) Analogical. 2) Analytical 3) Semi-analytical

Analogical method requires a stereoplotter which has bridging
capability through the base in and base out design, such as the Wild A-7
Autograph, and Zeiss Stereoplanigraph (-8, Galileo-Santoni V. Strip
coordinates are created by cantilever extemsion. The output from the
instrumental operations consists of strip coordinates of all the measured
points referred to the first model coordinates system. Absolute

orientation and strip adjustment are performed mathematically.

The semi-analytical method is the numerical comnectiom of each
independent model to form a strip referred to the firsi model coordinate system
by using any sterecplotters. Each model is independent of others, and

each model has its own model coordinate gystem. Model conmection,



aebsolute orientation, and strip adjustment are performed mathematically.

In the analytical method, the basic measurements are image coordi-
nates. The reconstitution of model and computation of unknown points is

resolved mathematically.

The adjustment with the three methods - analogical, semi-gaalytical,
analytical - has been the subject of numerous articles, and publications.
The articles agree in general that practically the same accuracies can

be obtained. (Wang [35], Hou [100)

However, it is quite certain that there are considerable differences
between one method and another regarding the application of the instruments,

the required skill of the operators, and the cost of the work.

Therefore, the procedures of the three methods and various computer
programs must be studied and selected, or developed and modified, to

improve photogrammetric services to the Department.

I-2. The purpose and scope of the investigation:
The objectives of this research are:
1. To optimize semi- analytical procedures by combining strip

formation with strip or block adjustment.

2. To prepare for future fully-analyticél work by having all
procedures and programs worked out prior to the time it is

necessary to acquire a comparator.



3. Comparison of the three methods from the two points of view:

Technical skill required of operators, and the time ‘required

for performance of the operatioms.

On the basis of this study, specific production routines of aero-
triangulation to be used in the Photogrammetry Branch will be established
in order to increase sterec-model production, reduce the man hours required

for obtaining final results and o attain the best practical accuracies.



CHAPTER IIX
SEMI~ANALYTICAL AEROTRIANGULATION

2-1. Introduction:

The primary reason for using independent model aerotriangulation,
also known as semi-analytical aerotriangulation, is to reduce the time
and cost of obtaining control survey data on the ground bv using
"single model" photogrammetric instruments, such as Wild Autograph A8,

B8, Santoni-Simplex II, Kern PG2, and Kelsh plotters.

In the independent model method, the coordinate system of the first
model of a-strip is retained as the origin of the cnordinate system of
the strip. Subsequently, each following model in succession is trans-
formed to that system bv mathematically comnecting it to the preceding

model, then applying the strip adjustment.

The procedure of semi-analytical aerotriangulation may he divided
into the following outline:
1. Determination of the perspective centers of the projectors

and the approximate base walue.

2. Measuring all points in each model by independent model
conrdinate svstems.
3. Mathematical model connection to form a strip.

4. Strip adjustment.

3-2. Determination of base value and perspective centers of projectors.



2-2-1. Introduction:

In most instruments such as Wild A8, B8, Santoni IIC, or Kelsh
plotter, the perspective centers of the projectors are dependent upon
the base setting, because of the potential variation of the element of

common 3. Thus, the base value should be first determined.

The position of the projector centers in the model coordinate system
can be determined by the following methods.
1. Space resection method.

2. Level method.



2-2-2. Space Resection Method.

‘2~2~2—1. Introduction.

The problem of space resection for grid plates consists of detér—
mining the three rectangular coordinates of the point in the air at
which'the grid plate was projected, and these coordinates are referred
to the same axis as those used for model coordinates measuring. In
order to determine the perspective center, the focal length of the
plotter and three prid intersected points, which are net collinear,
and whose projected modél coordinates must be known. The coordinates
of the grid plate are measured from the principal point as x, v, the
points of the projected intersections can be recorded in model coordinates
system as X, Y, 7. The computed space coordinates of the persgpective
center with direction cosines are refined by iterations until the

residuals are nepligible.

2-2-2-2. Mathematical Working Equation:

The position of the perspenrtive center in model crordinate svstem
is established by using the angles subtended at the pyramid as defined
by the three grid (image) points a, b, ¢ projected to mode! coordinates
A, B, C and the inner pﬂrépective center of Xe, Ye, 7c¢, as shown in

Fioure 1.

Assume f is the principal distance for projector; xy, vy, are the
image coordinates for grid points of a, b, ¢ Xi’ Yi’ Zi are the mndel
coordinates of projected grid points A, B, C, and three angles can be

found as follows:



& {5

Fig.

1.

Perspective center in semi-analvtical aerotriangulation.
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cos XaC = xe-xa
ac

= -xa . :
/xz?-&yaz'{fﬁ

cos YaC « yc-ya
ac

-8
I xaltyaltfl

and

cos zaC = zc—za
aé

=-f
[xalryal+f?
o )

and the direction cosines in image system are!

cos ach = cos xac-cosxbé + cos yac.cosybé + cos zat.cos zbd

= xa.xb + ya'yb +£2
(a¢) (be)

and

cos bée = xb.xc + yb . yc +£2 (2)
(be) (c&)

cos céa = xb.xa + yc.ya + £2

(cé) (ad)

The direction cosines in model system are:

cos XAC = Xé*Xﬂ
AC

cos YAC = YC-YA
AC



cos ZAé = Zé"ZA
A

and
cos AéB = CcOS XAC . cos XBC + cos YAé . Cos YBC + cos ZAé
coSs ZBé
= o o (Y ﬁ 33 Wi o ’ }
TxE-30) 2 + (YE-YA)Z + (26-7A)% { (XC-XB)< E_YR) “+(7C-7R) ¢

(3)
Similarly,the angles of cos BCC, cos CCA can be obtained.

Since the straight lines intersected in image and model space from
perspective center C, the direction cosines in both systems should he

equal. That is:

cos aéb = cos ACB

cos BCC (4)

cos béc

cos cca cos CCA

llowever, in the mndel space the coordinates of the perspective
center are the approximate values. Thus equation (4) mav be rewfitten
as:
cos acb = (cos ACB (approx)) + dACR
or

cos ach = (cos ACB) + m2£9§wﬁ§§ dxX + gggﬁ_ﬁéﬁwde
2 X 2Y
. (5>
+ 2cos ACB 47

2z



io

and
cos ach - {cos A&ﬂ) = V}
cos bée ~ (cos ACC) = Vo {(6)

cos cca - {cos CCA) = Vq

In order to obtain a solution, the correction equations must first

be linearized:

i

Vy = Zgggméég dX + 2cos Aé@ dY + 2cos ACB  dZ

X 7Y a7
Vg = gcos BCC dX + _jcos BEC dY + 3cos BCC 4z (7
2X Y 2%

vy = gcos CCA d¥ + Jcos cCA dY + 2cos CCA dzZ
7X 2Y 77

where

vy Voo Vq = corrections for direction cosines in model space

i

‘2co§“§§§ = (X-%A) (1 - _1 cos atb) + X-XB ( 1 -1 cos aéhy

% a8 B GO ey 6 GO
= cos XAC 1 - 1 cos acb) + cos XC (1 - 1 cos ach}
(8¢ (AC) e (80
329§_§§§ = cos YAC (1- 1 cos aéb) + cos YBC (1 - _1 cos aéh)
3Y é8 €A AC BC
2cos ACB = cos ZAC (1 - _1 cos achb) + cos ZBC (1 - _1 cos ach)
22 8 CA @ B '

gcos BCC = cos XBC (1 - 1 cos bCe) + cos XC&A( 1 - 1 cos béc)
2% € CB e 6c



il

agggnﬁﬁg“% cos YBC (1~ 1 cos bCe) + cos ve¢ (1 -1 cos bCe)
7Y e CB R Cc

253§aﬁ§5 = cos 7BC <wiw" EW.CQS béc} + cos 20C (1 -1 cos %ér)
27 Cec CB 8 Ce

2c0§”5§ﬁ;= cos XCC (1 - _1 cos efa) + cos XAC (1-1 cos cCa)
IX ' CA  Cc Cc CA

ggg§“§§é = cos YeC {1 -1 cos cCa) + cos yAC (1 -1 cos cta)

g

2y tA Ce Cc CA

gﬁgggjfﬁ,a cos 7eC ( 1 - 1 cos cCa) + cos ZAC (1 -1 cos c€ad
: [T e -~ Ce BA

and the exact position of the perspective center obtained hv
iterative method as equation (8):

X

c

Ye

]

{¥r approx) + d¥,

(Yo approx) + dY, (8)

]

7c = (Zc approx) + d7,

Eqdation {7) is solved for the differential corrections dXc, d¥c,

' to form new

d7Zc), which are added to the approximations Xc¢', Ye¢', 7c
approximations. The iteration is continued until such time as the

corrections become negligible.

A computer program has been written by the author. The flow
diagram and output of the tested data are shown in Figure 2 and
Table 1. The program listing and instruction can be found in the

aprendix.
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Start

|

Read grid Read model Read appro
x(2), y(D [ [x(), ¥(@) P.C.
and f 7.{(2) ¥e, Yo, Zc

I=1,3 I= 1,3

%

Compute direc~-
tion consines in
rid cos &(1),

= 1 3

¥

¥

Compute direc-

tion consines in
odel cos ¢ (Z),
I=1, 3

Le
v

Construct
correction
equations in
model space.

2

‘approx. \
. A s ”» Y
A Xe, Ye, Ec

Compute the
corrections
cXc, d¥c, dZc.

3
o

No

Print final
Xe, Ye, Zc
( Stop }
Figure 2. Flow diagram for determination of perspective center bv using

space resection method.
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COEFEECTIONS OF FERSFECTIVE CEMNI TR Second Iteration
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PERSPECTIVE CENTER
SE.ET14 3B .CLE L6 eGEES

Table 1. Computer output for determinations of perspective center by

using space resection method with iterative solution.
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2-2-3. Level method.
2-2-3-1. Introduction.

The coordinmates of the perspective Xc, Ye, Zc may also be determined
by the level method. The instrﬁment coordinates of three points projected
from the diapositive or grid plates are ﬁeasured in at least two different
horizontal planes in the model space when the diapositives or grid plates
sre perpendicular to the Z axis and Kappa = 0.0. These measurements
are carried out monocularly. The X, Y coordinates of the perspective
center may be measured directly from the prinmcipal points, and Zc may be -
computed from the coordinates of the other two points located in the y

direction through the principal point at two levels. (See figure 3 and &}.

2-2-3-2. Computation of the Z values of perspective center.

According te Figure 3, the z - values can be mathematically

obtained as follows. -

Zc = dyy . dz (%
dy
where
dv = dyl-dvy
and Ze = perspective center Z value

dvl = y distance hetween the two images measured at readings

in lower level

‘h@ = v distance between the same two imapes measured at

readings in higher level

#

dz = 7 differential settings of twe levels



is

Fig. 3. Determination of Z-value for perspective center.

4
\ =
AN @ /
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N 7/
N s
v
N ” \
2IN X Xe i
~
/ A
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s $ e N
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Fig. 4. Location of the points for Z-value computation.
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9-2-4, Numerical testing of the two methods of perspective center

determination.

Two tests have been performed by using the above mentioned methods

and the final results are shown in Table 2.

Space Resection Level Method
{mm) (mm)
Test - I
X 74339.50 7439.48
Y 1358.49 1358.48
yA 350.14 350.13
Test - II
X 7439.46 7439.42
Y 1358.40 1358.40
zZ 350.15 | 350.10

Table 2. Comparison of the perspective center determined by space

resection and level methods.
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From Table 2, it can be seen that the comparison of methods result
in similar accuracies, however, the level method is much simpler to
utilize. Thus, the level method has been selected for use in the process.

The detailed operational instruction for this method will be given in a

later section.

2.3, Mathematical model conmnection to form a strip.
The coupling of the individual models into a strip of the first
model coordinate system is accomplished by using the triple overlap area
of the photographs and the projector centers of the models as shown in
Fig. 4 and 5.

If x, v, z of second model coordinate system are rotated around
their axes through the angles of w, Y, K respectively to the X,¥,2

coordinate system of first model at the common projecter center, the

transformed coordinates of X, Y, Z may be obtained by a three dimensional

rransformation as follows:

X Mll Mlz M13 X %
Y = MZl MZZ Maq v & YQ {10}
z M3y M32 M33 E z 2,

where

Mll = COS8 P COS kK

M12 = cos ¥ sin k

My3 = -sin p

M21 = gin w simr p» cos K - cos w sin K
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Fig.5a. Model connection from the common model points
and projector centers.

Fig.5b. Model connection at common projectax center 7 and 2%
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sin w s8in w sin ¥ sin kX + cos k cos w

=
[
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M23 = cos ¥ ein w
Mgy = cos w sin v coge kK + sin w sin k

M32 = cos w sin y sin k - sin w sin &

M33 = COS W COS p‘

The equation of (10) is not a linear, thus the equation must first

be linesrized.

Equation {(10) may be rewritten as:
X = Xo + dX
Y = Yo + dY (11)

Z = Zo + dZ

and

dX = X dw + 72X dyp +JX dk

2w 7Y 2k
dY = 7Y dw + 2Y dp + 2Y 4x (12)
v ¥ 7k

dZ = gz dw + 2Z dy + 22 dK
Fw ¥ #K

im which the script (0) indicates estimated values, the d's are
corrections to the initial aspproximstionms.

After linearizastion by Taylor'’s expansion, and by neglectimg all

second and higher order terms 1t becomes:
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, ’
[ dX a) a, 3, dw
dy = bl bz b3 . dy. (13}
dz jB 1 G e d
Yhere
8y (92X o 0 0 [ x
2w
by 7 2R T oe My M32 My, : ¥
W )
ey 27 Mgy My Mgy | z)
A X oW \ ’
futhermore
az‘ (2% ) [ -gin¥ cosk -siny sink —cos ¢ v =}
a9
bz = 2¥ =g sinw cosy coswk sin w.cosy sink -sin w sing) - {7
A -
c 27 cOsS W coéy cosk <¢cos w cosy sink -~cos w siny; T
4 2) . '9':’? \
and
[ a >X -M M 0 (% )
3 S 12 11
b = _3_}: "MZZ M 0 v
3 23X | = ¢ 21
cy ZZ Mgy My 0 Lz )
\

The equation (13) is solved for the differential corrections (dw, ap,

dk) which are added to the approximations (dwp, dyb, dkg) to form new



approximations. The iteration is continued nntil such time as the

corrections become negligible.

1f the number of given points are then unknowns, we then have the

least square gondition to obtain the most probable values. Tauation {13}

may be assumed as observations equations and written in matrix form as

equation (14).

V = AX-L (14)
where , . . 3
dxy a; a, a, dw £-Xo
Vo= . ; A= by b2 bs ; X = |dy| ; L = =¥,
d2, i}
Cl Cz C3 ) \dk 7/"'!‘0

The normal equation is

NX = U (15

The most probable values can

X = N U

be found as equation {(16}.

(163

The final transformation of points to the first model coordinates

system from second model can be computed by use of the equation (10).

The model connection can alsc be obtained on a four dimensional

coordinate transformation (Schut program). The advantage of this

method is the nonlinear coordinate transformation reduced to the solution

of linear equation.
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The connection of one model to the other requires that the coordinates

of the common projection center and those of at least two model points bhe

known in both models.

%oy the computation of the rotation, in both models the origin of
the coordinate system is shifted to the common projection center and the
vectors from this projection center to common model points are reduced

to unit length. The mathematical equations can be found in reference

{Schut {1]}.

During the preparation of this research, the author undertoock a
restricted survey of the computer programs on semi-analvtical aero-
triangulation. (See listings of references) On the basis of this survey,the
8ehut{1] computer program has been selected and modified for future
tegtings and processing for utilization. The modified computer program
can be found in Appendix, and the operational instructions will be

given in a later sectiomn.

2=k, Strip Adjustment.
After the numerical model connection of the independent models to
form a strip, the strip coordinates must be transformed to a ground

coordinate system.

The linear transformation may be employed, which consists of scale

change and rotation as shown in equation {173.
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Fo = a»lx + alzy + E

T 3 Is]

Np = a,¢% + agoy + N {17

HT = asx + aq9Y + aq42 + HO

In which E.N are horizontal ground control coordinates and H is

N

elevation; %, v, 2z are strip coordinates; E o

o? » and Hy, are the mean

:ground.c@ntxml points in E, N, and H. ByqsecsB3q BT coefficients of

the transformation as unknowns.

Since the instrument coordinates are transformed to ground coordinates,

the entire strip becomes systematically deformed horizontally and vertically.

The systematical errors may be adjusted by using the polynomial
equation as equation (18).

2
E = ao + a;x + ayy + agxy + agx” + . . .

b
f

= by + byx + byy + boxy + byx? + . . . (18)
H= cy + cyx + copy + caxy + céxz + . .

and the final ground coordinates of all points can be obtained by
equation (19)

E= ET + dE -

2
]

Nt + dN {19}

ok
jes
¥

= Ry + dH

where
E, N, H = final ground ccordinates

Ep, Ny, HT = ground coordinates after linear transformation
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dE,dN,dH = correction of the systematic error due to aerotriangulation
ag, a,...3; are certain constants

x, v are the coordinates of the particular podnt in the strip

The transformed adjustments used by the Washinptan State Highway
Department of Photogrammetry for strip and block adjustments has been
programmed to utilize I.B.M. (model 360/50) computer (Schut [2]}) and

G.E., Time-share computer services (Hou [3]}.

2-5. Computer program of model comnection and strip adjustment.
The pumerical model connection computer program and strip adjustment
are performed in two steps. These steps are performed one after the

other without operator intervention.

As a first stage, each model is transformed to the first model

coordinates sytems, then the strip adjustment is performed in the second

stage.

The computer input and output data are shown in Appendix.

2-6. Technical instructions for performing semi-analytical aerstriangulation
on department’'s plotters.
A detailed description of operations instruction for semi-amnalytical

aerotriangulation will be given in 9 parts, and asccompanied by a practisal

exzample.
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Preparation

Base setting \\

yes

/ Setting orien-
ftation elements
to zero {normal)

enter coordi=

Calculating

perspective
c

nates

/ Measuring co=

, | crdinates of

| three points in
\two levels —

Performing
Relative
¥ Orientation

{ Measuring all
\ control and PUG

( Next model

Input ;
data

Computer opera- and
tion for model

strip adjustment

connection
! 3
cutput output

Figuze 6.

Operations instruction flow chart.

Determining
Perspective
Center Coordinates
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1. Preparation:
To introduce the semi-analytical serotriangulation, one flight line

of a current mapping/cross section project of "Toll Plaza to SR 405" was

choszen.

The strip of seven models was photogravhed at flight height of 1300

feet with & Wild RC-8 wide angle camera. Five horizomtal points, and

23 vertical points were surveyed and targeted as shown in Figure 7.

The preparation of the aerial triangulation was performed on paper
prints by selecting the appropriate position and number of pass points
(PUG points) in the triple overlap areas. This selection was done by
visual inspection of the models under a stereoscope. The minimum three
pass points were located in such a way that point 1 should be clese to
the nadir point. The other two pass points were on the y axis apvroximately
plus and minus 8 cm from the nadir poimt. All ground comtrol points and

pass points were recorded on the strip sketch.

The selection of the pass points was followed by the precise marking
of the points on the diapositives by & means of a Wild P.U.G. with drills

of 60 micron diameters .

2. Settimg the base value in plotter:
The base value can be obtained as:

bx = 5’ D.
8
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i

in which: hx base in mm
s' = photo scale ratio denominator

model scale ratio denominator

0
13

distance between two principal points scaled on

o
#

photo image (first photo)} in mm

As example of this test:
Given: photo scale 1" = 250' or 1:3000 = s’
model scale 1:1000 = s
D = 82 mm.
Compute: bx =s' . D= 3000 . 80
s 1000
= 240 mm.

Thus the base should be set at 240 mm.

Orientation elements setting zero:

All orientation elements should be set in zero positions. That

is set common phi (2 ) to zero (100g), set swing (®}, tips (%), tilts

(w) to centered positions with level in x and v directions on the carriers.

Measurement of three points in two levels.

a. Set the focal length of the camera on the two projectors.

b.. Insert grid plates in both carriers (or diapositives of the
first model, if the pass [PUG] points lie in y axis.

through the principal points).
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Gonnect the digitizer to the plotter. (Set resclution
switches to 4%, if Wang Digitizer iz msed)}. )

Drive x, v wheels to an exact %, y drum value mear left
projector center, index the digitizer x, y to 2000.00,

2000.00 for Wild A7, {230,000 500,000 in Wang Digitizer

with Wild A8)., and record the exact x, ¥y drum values din

strip sketch.

Set the z to the lowest reference line of the z {(glass’

scale for Wild A8). Preset zerc in digitizer.

Check the digirizer coordinate systems. The coordinate

systems x, v, 2z must be right-handed, x must increase to

the right, direction of the bridging strip. ¥ must increase
towards the top of the photo. Z must be positive unward.

Drive %, v wheels to left projector center {in this situation
equals principle point) and record with dipitizer the x, v
coordinates of the perspective center of left projector {should
be close to x = 200000, v = 200000 for Wild A7, 250000, 500000
for Widl A8 with Wang Dipitizer). Record the other two points
perpendicular to the x direction through principal point,

as shown in Figure 8ypoint identifications are 9111111, 131113,

4111115, {Column ? to 9 for punched cards format). See

Table 3.
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L R

§44 96503 & 111411i4

141 44468 13113482

114 41415 11111816

Figure 8. Point identification of perspective centers and pass {or PUG)

h.

points perpendicular to the x direction rhrough center npnints.
Dipgitizer =z set 0ONOOOO.

brive x, v wheels to right projector eenger and record with

digitizer the x, v coordinates of the perspective center of

tighi projecior, and record other two points as shown in Fig. 8.

Point identifications are $1311112 for right perspective center,
and U§11114, 41811116 for the two intersection points. {see
Table 3)

Turn 7 dise until z reads 100000 on digitizer and record same

points as in steps g and h. Peoint identifications change to

22213121, 22211123, 22211125 for lef: projector and 22211122,

22211124, 22211126 for vipht projector as shown in Figure 9.

{See Table 3}.

L R

@ 22211123 @ 22211124
L pa2ifigt 22211122
® 22210125 & 22211126

Figure 9. Point identifications for identical points as shown in

Figure 8 for z setting 100000.



Point No.

Left
11111111
131331113

1113111315

Right
11111112
11111114

11111116

Left
22211121
22211123

22211125

Right
22211122
22211124

22211126

Table 3.

1894
1894

1894

2105
2105

2105

1894

1894

18%4.

2105.

2305,

2105

Measured three points in two levels.
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Grid Plates :

.87

.87

.87

.C1

.01

.01

.87

.87

87

01

01

.01

Bagse = 240.00mm

2002.03
2317.00

1687.10

2002.067
2317.01

1687.14

2002.03
2185.68

1818.38

2002.07
2185.68

1818.37

0480.00

0480.00

0480.00

0480.00
0480.00

0480.00

0680.00

0680.00

068C.00

0680.00

0680.00

0680.00

Remark

T.owest 7 set

Higher 2z set
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Determination of the perspective centers.

a. Compute the z-values for left projector:

According eguation (9)

Zc = dyl dz
dy

and

dy = dyy - dy2

As an example in this test:

dy; = y11111113-y 111131115 = 231700

~168710
62990 = dy,
dy, = y22211123 - y22211125 = 218568
-181838
36730 = dy,
dy = dy1 - dyy = 62990
36730
26260 = dy
dz = Z - Z = 68000
higher lower 48000
20000 = dz
z.(left) = (62990 x 20000) + 7y yer reading
26260
= 95974

b, compute the Z - value for right projector

dy; = 611111114 - y1111111é = 231701
-168714
62987
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dv,_ = ¥y - ¥2 = 718568

2 722211124 2211126 _giqay

36731 = dyz
dy = dy; - dygy = 62987
36731
26256 = dy

dz = zhigh@f - leer = 20000
z, = { 62987 =x 20000} + 48000

right 26256

= §5979

After small computatién of the Z-values, the perspective cemter of
left projector card can be retained as poimt No.11llllll, x, y coordinates
as recorded in Table 3, amd change 2z value to 95974 under same format

(column 28-36). {(See input data)

Following the same procedure for perspective center of right
projector the card can be retained as point No. 11111112, x, y coordinates

as recorded in Table 3 and change z value to 95979 under same format.

{See input data).

Then both cards can be duplicated for use as perspective centers in

each model. (If base value is mot changed.)

6. Relative orientation:
a. Proceed with standard procedures of relative orientation by
removal of Y-parrallares with K, v, w motions). Perform this operation

with precision. For the purpose of relative orientation, the quick release

mechanism can be used.



34

b. After relative orientation, drive x, vy wheels to x, y drum values
near left projector as recorded in step 4, and reindex %, y as
200000, 200000 (A8 should be equal 250000, 500000} and check z

in lowest reference line equal to zero in digitizer.
¢. Record all the angular drum readings (K, v, w).

7. Model points measursments.
Each point needs the model identification before the point identification.
(Column 2-4 for model number, column 5 -9 for point number) For example,

if left photo number:is 29, then model identification is 029. {(See figure 10)

Figure 10. Model and point identification in digitizer.

a. Three or more {not over ten points) left-side pass (PUG points.
The point identification should be set as follows. (Alsc see

Figure 7, strip sketch.)
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3o

28
@
10231

a
10232

-]
10293 jo3o

Figure 11. Pass (PUG) Points.

b. All remaining points within the model.

c. Three or more (not over 10 points) right-side pass PUG

points (Such as 10301, 10302, 10303 in Figure 11).

8. Next model:

'Change diapositives for second model, etc., and begin with step 8

(relative orientation) to 7 (measure model points).
1f base is changed, repeat step 2 thrcﬁgh 7.

9. Computer computation:

a. Input:

Input data for model connection and strip adjustment by using an IBM
2780 Remote Teleprocessing Terminal must be arranged in groups as follows,

alsc shown in Figure 12.

(1) Computer job number card. (In computer room)
{2) Model conmnection program control deck.

{3) Job title card.
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{4) Ground contzol cards.

{5) Equation card.

{6) First model cards:

1.

2.

3.

-1 card.

direction. Change point no.

Left proiector center card. As principal point for strip
)- to 51111 and 51112.

Right projector center card.
Left side PUG points.
All-other points.

-2 card.

Right projector center card.

Right side PUG points.

{7) Second model cards.

7.

-1 card.

Left projector cemter card.

Left side PUG points. (same points with same sequence as
previous model right side)

All other points.

-2 card.

Right projector center card.

Right side PUG points.

(8) Next model, etc. (Same order as step {7) second model cards

(9) Blank card.

(10) Strip adjustment control deck.
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Strip adjustment control deck

Blank card

Next model, etc.

Right side PUG common points

Right projector card
-2 card

All other points

Left PUC common points

Left projector center card
-1 card

Right side PUE Points

~2 card
All-sgher points

Left side PUGC common points

Right projector center card
Left projector center card
First model -1 card
Equation card

Ground comtrol cards

Job title card

Model connection deck
Computer job card

-
p

1

Figure 12.

Input data for semi-analytical aercotriamgulation.
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Five input format must be punched as follows.
A. Job title card. (01 card)
Columns 1-6; Job-number, columns 10-11; punch 01, column 12;
Model number, colummns 27-32; date; columns 43-70; job title, column 73;
filight number, columns 75-78; first photo number, columns 78-79; last

photograph number, column 80; run number. (see sample in appendix)

B. Egquation card.

Columns 1-4; column 1 punch ~, columns 2-4 punch degree of cor-
rections. (In this program, if the model number more than one, the
degree of corrections for scale and azimuth, longitudinal bend, trans-
versal tilt will automatically be adjusted by using a second order

polynomial equation).

€. Divide card.

Columns 1-4; column 1 punch -, column 4 punch 1 or 2.

D. Ground controcl cards.
Columna 5-9; point aumber, columns 10-18; East, columns 19-27;

North, columns 28-36; elevation.

E. Instrument card.
Columns 2-4; model number; 5-9; point number, 10-18; x, 19-27;

y, 28-36 z.

All ground control point identifications should be numerated between
20000 to 69999. Below or over these numbers will be assumed as transformed

points omnly.
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b. Output for model comnection and strip adjustment.

After data input to computer, the cutput of the computations will
be listed as follows:

(1) List of coordinates of all points in a strip.

(2) Adjusted residuals of ground control points and coordinates of

all points in ground coordinate system.

The numerical listings of input data and output results of the model

connections and strip adjustment can be found in Appendix.

2-7. Results of semi-analytical aerotriangulation.
Four test strips using a Wild Autograph A-7, and an A-8, have been
triangulatéd and evaluated in terms of accuracy, operator skill, and

time required for performance of the operations.
All results are shown in Table & and Table 5, and Figure 7.

As can be seen from Table 4, the accuracies from semi-analytical
aerotriangulation of the tested strips, when compared the results of
the analogical method show only a negligible difference. However, the
time for performance of the semi-analytical zerotriangulation operations
are much faster than the analogical solution, which presently is employed

in our Department.

2-8. Conclusion.

The results obtained in various tests and in practical work show
that the semi-snalytical method should be used for aerotriangulation
operations in our Department. The advantage of this method may be

illustrated as follows:
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&
_ b
o

Test @ Flight R.M.S.E. in x R.M.S.E. iny  R.M.S.E. in z:-j Time of

Strip 8 Height(ft) adjusted check adjusted check adjust check & messure—

No. £ & Method points points points points point point & ‘ment hrs Remsrk

(15) {15) (13

1 7 1500 0.14 0.09 G.11 A 8 Wild a7
Analogical (

1 7 1500 0.09 0.05 0.08 A 5 Wild A7
Segt—Analy

2 5 1500 0.09 0.11 0.11 & 6 Wild A7
Analogical

2 5 1500
Semi-Analy 6.01 0.00 0.11 B 3 wWiid A8

3 & 6 1500 0.06  0.16 0.05 0.09 0.06 450 C 5 wild a7
Analogical )

3 & é 1500 0.05 0.12 0.04 0.10 0.06 0.22 € & wWild A7
Semi-Analy :

& 6 1500 0.14 .09 0.12 C 5 Wild a7
Analogical

4 6 1500 0.39 0.18 0.13 B 3 Wild A8,
Semi-Analy :

4 6 1500 0.09 0.08 0.12 C 4 Wild A7
Semi-Analy

Table 4. Comparison of results for semi-analytical method and asnalogical

method.

*See Table 5 and Pigure 7.



41

roint A X
No. Dep. | Ind* | Ind. Dep. Ind* | Ind. | Dep. Ind®  [Ind.

20005 | -0.01| -0.09| ~0.23] 0.07 | -0.05| 0.13
20007 |-0.15| 0.18| -0.17| -0.06 | -0.04 | 0.08
20008 |+0.21 | 0.12| 0©0.07; 0.11 | 0.17 0.21
20009 | -0.17 | 0.03| -0.05] -0.01 | 0.07 |-0.11
20010 | -0.02 | 0.15| 0.15] 0.00 [-0.05| 0.04
20013 | 0.18| 0.00| 0.0L] -0.05 | 0.00| 0.06
20014 | 0.10| 0.09| 0.00, -0.05 |-0.04 ~0.08
20015 | 0.24 | -06.07| -0.11| -0.13 | -0.04 |~0.07
20016 | 0.15| ©.15| 0.19| 0.15 | 0.12)-0.07
20017 | 6.17 | -0.07| 0.20, 0.16 | 0.08 0.06
20019 | ¢.10| ©.07] O0.11} 0.17 | 0.15) 0.22
20020 | -0.09 | 0.11| 0.14] 0.00 | 0.18] 0.15
20021 | 0.1%9 | 0.25| 0.22| ©.06 | 0.19; 0.32

30010 -0.07 | -0.29 | -0.15
30011 -0.15 | -0.06 | -0.12
30012 -0.03 | -0.29 | -0.29
30013 -0.25 | 0.14 .10
30016 : 0.19 | -0.02 0.01L
30017 0.07 | -0.10 ; -0.08
30018 0.09 | -0.12 | -0.11
30020 -0.23 | -0.39 0.36
30021 -0.32 | 0.29 0.23
30022 -0.51 | 0.22 0.14
30023 - -0.09 | 0.13 06.17

40002 | 0.03 | 0.04| 0.03) 0.03 | 0.08] 0.15; 0.02 | 0.08 0.09
40004 | 0.25 | 0.05| 0.02| 0.03 | 0.00] 0.07| 0.02| 0.06 0.05

R.M.S.E.[+0.16 (+0.12 +0.14 | +0.09 | +0.10|+0.14 | +0.22 | +0.20 | +0.20

Table 5. Comparison of the residuals for the check points between
dependent model and independent model aercotriangulatiom.

# Perspective centers are determined by space resection methods.
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1. Most experienced stereoplotter operators can perform the semi-
analytical aerctriangulation procedures without any additional special

instrument training.

2. Total time for aerotriangulation operations will be reduced as
much as 40% in comparison to the present method, thus reducing total cost

of the photogrammetric services for any production work.

3. The recorded relative orientation elements determired in aero-
triangulation using sterec plotter (Wild A-7) can be reset for mapping
or cross-sectioning in Wild A-8, or Santoni IIc, thus reducing the time
of relative orientation operations which in turn reduces the total cost

of the photogrammetric services.

4. The Wild Autograph A-8 has the capabilities to perform the
aerotriangulation procedures, thus A-8 may assist the A-7 during overloads

in the bridging schedules.

5. Operation Instructions using the suggested method as developed

will be very helpful in the field of photogrammetry.
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CHAPTER III

ANALYTICAL AEROTRIANGULATION

3-1. Introduction.

Analytical photogrammetry is not a new concept, having been thoroughly
developed by mgthematicians prior to 1930's. However, the laboricus
computations imspired development of analogical instruments which make
a simple graphic solution. The speed with which present day computers
perform otherwise laborious computations has revitalized the mathematical
analytical methods which permit corrections of systematic errors mot

correctable through the mechanical analogical systems.

3

3-2. Dats measurements.
3-2-1. Preparation.

Photo coordinates may be measured monoscopically or stereoscopically
when utilizing the AP/2C sterec-comparator. Use as a mgnocompargtor requires
that all nine pass points (PUG points) must be drilled into diapositives
by means of & point transfer device. Use as a stereo—-comparator completes
the measurements of & point on both plates of a sterec pair of photographs
simultaneously, thus only three paés points are required on each diapositive.
All pass points and ground control points should be recordéd on the strip

sketch.

3-3-2. Stereo-comparator measurements. (Analytical plotter AP/2C)
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The analytical plotter (AP/C) can be used for the photo~coordinates
méasurement in three different ways: as a plotter, & monoscomparator,

or as a sterec—-comparator.

The method of using it as a stereo-comparator is divided into two parts:

A. Procedure for reading in the main program.

B. Procedure for measuring photo-coordinates.

A. Procedure for reading in the main program. (See Fig}5)

1. Turn on the format switch, viewer panel switch, teletypewriter
switch {local), and paper tape switch.

2. Press "computer on."

3. Press "servos off."

4. Press ''reader on.”

5. Take the "main program' tape from program tape box.

6. Place the tape in reader head with the small tape feed holes
over the tape feed wheel.

7. Turn input switch on ''Load D."

8. Turn input control switch on “reader.”

9, Turn display switch on "C".

10. Turn mode switch on "BP1".

11. Turn overflow switch on "run."

12. Press ''state” key.

13. Press "logic" key.

14, Press "start" key.

15. If the reader stops, turn input switch on "normal.”

16. Press ‘'start” kéy.

17. When it stops, turn input switch on “Load D.”

18. Press state, logic, and start keys.

19. Turn input switch on "normal."
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21.
22.
23.

24.

25.

26.
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Press "start" key.

When the overflow lamp glows, press ''state" key.

Turn mode on ''run.”

Press ''start” key.

Push "tape read" button on viewer panel to read ia the last
part of the program tape.

Press "'reader off” and "serves on."

Press "computer program button 1" om. (Printed out only the point

no. X3, ¥ys X2s ¥3.)

Procedure for measuring photo-coordinates. {(See Fig.14)

10

Push "point coord.” button on.

Push photo point X" button on.

Push "photo. 2" button on.

Place the photogrpahs on the carriages.

Record with teletype writer the X3, ¥4, Xy and Y3 coordinates

of the fiducial marks.

5~1 Drive XY wheels to fiducial merk 1 (left).

5-2 Push photo point "Y" button on.

5-3 Clear Y-parallax with incremental input control.

5-4 Push photo p@iﬁt X" buttom omn.

5~5 Clear X-parallax with incremental input comtrol.

5-6 Press "'tape punch" button on. The photo-coordinates of
fiducial mark 1 will be printed and punched in teletypewriter.

35-7 Same procedure for fiducial mark 2 (right) 3 and 4 as #5-1 to 5-5.

Record the coordinates of comtrol points (same procedure as #5-1 to

5-6 can be used).
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7. Record the coordinates of object as #5-1 to 5-6.
After all diapositives have been recorded, press ''computer stop,
"servos off", turn mode switch on "AP1", and press '"computer off.”
Viewer panel switch off, teletypewriter switch off, paper tape

switch off and turn format switch off.

3-3. Data processing.

3-3-1. Linear transformation of the comparator coordinates to photo

coordinates.

Analytical serotriangulation requires photo coordinates with the
origin at the prinicipal point. These photo coordinates (x,y) must be
obtained by using a linear transformatiom in order to change the scale

and rotation from comparator~to photo-coordinates systeum.

According to Figure 16 turning the E.N. comparator coordinates
system by the angle E and displacing it parallel to the turned position
by the distances X and yg, we obtain a new system is obtained in which

the coordinates of point p will be:

X¢ = Xy + mE cos E + uN sin E
(20)
y¢ = ym + mN cos £ ~ mE sin €

where
X¢s Yy are the transformed coordinates of point p with photo-
coordinates system. E, N are the coordinates of point p expressing the

comparator system. m is the change of scale in both systems.
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Figure 16.

Coordinates Transformation
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Assume
© = m Co8 E‘
(21)
p=msin E
Then equation (20} can be written in new form:
X, = Xy +Eo+ Np
(22)

It is a fact that the transformed coordinates x¢, ¥, are not the
same as the initial coordinates x, y. The difference between both values
can be assumed as error equation:

Vy =%y + Eo+Np-x

(23)

Vy = yptNo-Ep-y

in which x and y are the calibrated coordinates of the fiducial marks,
Vx, Vy display the errors between the transformed and initial ceordinates.
The principal point of a photograph in both coordinates system can

be obtained by equation (24) with the coordinates of four fiducial marks.

xg = [x]; vs = [yl; Bs = [E]; Ng= [N] (24)
4 4 4 4

The error equation can be rewritten in the form:
¥x = xm + (E-Ex) o + (N-Ns) p ~ (x-xs)
(25}
Vy = ym + (N-Ns) o - (E~Es) p - (y-ys)

or written in matrix form as:

V= AX - L (26)
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where
Vel 1 0 Ey-Eg N1 - NS X ; X1 = X
Vx1 0 1 Np-Ng-(E3-Eg) Y i - Vs
V= . s A= . . . . s X = ;) L o= . {(27)
vx4 i 0 E&~Es N&-Ns o X=Xy
vyl 0 1 Ng=Ng-(E4~Eg) P Y4~Yg

By applying least squares condition, X (the unknowns} are chosen
that for equal weights the sum of the squares of the errors is a minimum;

thus: VEV = (XtAt-L%) (A¥-L) = XTAtAX - 2Lftax - LfL (28)

For minimization, the partial differentials of this function with
respect to each independent variable must be zero. The partial derivative

matrix is:
o[vtv] = atax - AtL = o | (29)
2 X
Applying the following notation:
t £
AA = Nand AL = U {30)
then the normal equation is:

NX = U (31)

The unknowns can be found by computing the inverse of N thus:

X = Nty (32)

All points in each photo should be transformed toc the photo coordi-
nates system by using equation (22). A computer program of linear
transformation has been written by the author. The program listing can

be found in the appendix.
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3-3-2. Correction of the systematic film distortion.

A very important factor in photographs is the distortion of film
due to dimensional change, which may be uniform or nonuniform; the
systematic distortions may be corrected for scale by linear transformation,
but the nonuniformity of dimensional change in different directions of
areas of the film will result in noncorrectable errors when only four
fiducial marks have been measured. For example, a flight strip at 3000
feet of seven models for "Outlook to Grandview" has been bridged and

adjusted and the residuals are shown in Table 6 and Figure 11.

All residuals of the adjusted points in this flight are somewhat

large because of the nonsystematic film distortiom.

A "flash plate" comparison was used for detecting nonuniform

size changes of film.

First, the coordinates of the four cormer fiducial marks of the
flash plate and eight diapositives were measured and recorded. Then,
each example was used to fit the calibrated positions of our fiducial

marks as shown in equation (20).

The deformation of four fiducial marks of the flash plate and
eight diapositives are shown in Table 7 and displayed in Figure ;g
The solid lines indicate the calibrated positions, and the dashed

lines indicate the residual deformation of the film.

The deformation of the photographs taken during this flight was
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Figure 17. Strip sketch of

Table ¢,
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Horizontal & vertical control point

Vertical control point

"Outlook to Grandview”

R E S I Dp U A L S
POINT EAST NORTH ELEVATION
30219 -0.12
30220 0.29
30221 0.76
30230 -0.57
30231 0.07
30232 . 0.02
30233 -0.21
30234 -0.07
30235 0.97
30236 -0.33
30237 -0.61
40217 -0.51 -0.58 -0.53
40218 0.31 0.64 0.27
40238 -0.08 0.46 -0.07
66239 0.28 -0.52 0.12
R.M.S.E. 0.33 0.56 .44

Residuals in feet after strip adjustment due to the errors

of the film distortion.
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larger than that of the directly exposed photographic glass plate.

It is not possible to determine from the deformatiom, whether it was
caused during the film handling in the aerial camera or durimg the film
processing. However, if the film distortions are approximately the

same size as the glass plate as photo No. 3, 4, 5, 6, 7, and 8, this

film may be used in the analogue plotter. When large distortion occurs
when comparing to the flash plate the film should be rejected as in photo

No. 1 and 2.
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Lh s

e 1. .010 e U5H
8. 2 -.011 . =.012-
8. 3 « 015 WB11, (FLA_E L
0. 4 - 014 -.007
R 1, 040 . <022
L 2 e Q17 - D27
iy 3 -e012 304
i 4 «035 . 001
2 i 008 . <004
2 2 . e024  ~.016
2 3 -e011 . G40
2 4 -e021 . =036 -
3 i, « 002 026
-3 2 -e039 . =.046
3 3 eBS9 <009
3. 4 L=e 022 «G613.
4 i, - 009 <013
4 o -e 336 =042
4 3 e 60 . s 315
4 4 -.333 « 209
5. 1 « 053 - 020 .
S . 2 -2 043 - QUG |
S 3 V073 . GLlG.
5. 4 -.033 .29,
6 1. eBl2 . 009 .
6 2 -.048 . =047 .
6 3. "e@37 . «G1 L,
6 4 -e@50 . 023 ;
7 | <309 .. 310,
7 2. “e @41, =.03%
7- 3. -369.. ~306
L 4 ~+037. .023
8. 1 <0025 «016
3, 2 -oFll =e 044 -
8. 3 069 . <083
3. 4 -.333.. 021

Table 7. Residuals in mm after linsor transformation of
the four ficucial marks of & test strip )
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3-3~-3. Lens distortion.

Camera calibration data may contain tabular values of lens distortionm,
sr, as a function of radial distanmce r from the principal point. The

distance is given by the formula:

r x% + y {(33)

The distortion values may be stored in the computer as a table or
a curve of ar at increments of r. If the lens distortion table is not
given, then the values of the distortion can be determined by fitting an
nth order polynomial to the distortion curve,

ary = ko r + k1r3 + k2r5 -~ {34}

where

ko, kl, k2 are the coefficients of the radial distortion curve.
r is the radial distance from the principal point.

ar 1s radial lens distortion.

The corrected image coordinates are:

Xd ® X-sX
(35)
¥yd = y—ay
and
AX =  X.ar
T
(36)
Ay = 2- Ay
T
where

X4s> Yq are corrected image coordinates with the original

the principal point.
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X, y are photoc coordinates with the original at the principal

point.

sx, oy are radial lens correction in x, y compomnents.

Thus, the equation for the photo coordinates x, and y corrected for lens

distortion are:

Xg = X—4X = X = Xar = x(1L - 2x )
r r (37)

y, =y -asy=y-yar =y (1 - ar)

d r r
The computed numerical lens distortion value for Wild RC8 camera

No. 15UAg. 274 are given in Table 8.

3-3-4. Corrections of earth curvature and refraction.

The effect of the curvature of the earth along the length of the
strip can be applied to x and y directions as shown in previous report.
Hou [6&]:

The x direction is:

2
dx- xHr
2RE

and in v direction is

day = yHr {38)
2Rf

Where dx, dv are the correction of the earth curvature in photo
coordinates, f is focal length, H denoted as flight height, R is radius

of earth.
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IARLE 8. TARLE FOK LES DISIOHTION FO® WILD ~Co CaqFadmi 5053 74

RADIUS DISTORTION - HAUIUS UEBIUn 1 s
MM MICHON - 424 MICxOy

5. B -

i, De148898 - 51. 355338
2 P.29759 - 52 3481685

3 Bea45871 - 53, 342215

4 ?<593535 54 331671 -
5 Ve T4B3TS. 55 322477, .
& . 6886199 -~ 56 3.1264 -
7. 1483679 - 57 3.22165
8. 1017395, - 58 249106 -
9. 1431548 - 59 . 2479334
18, 1445519 -~ 68, 25669964 --
11 159286 61, 254057
12 1472831 , 62 246528
13 186134 - 63 2e26421 |
14 199177, - 64 24134752
15 2.11839 - 63 1.96534
16 . 2e24403 66 L «8a783 -
17 . 2.3655 -~ 67 . 1¢64517 -
18 . 2+48361., 68 | 147754
19 . 25982 69 136513
29 . 2.70908 . 78. 112816
21 2:81L607. 71, G49 4683
22 2491902 - 72 . BsTEIIBL -
23 3.0B1776. .- 73 Ba572062 -
24 3.11212 - 74 937912
25 3.20196 75 Geo 182827 -
26 3.2871L,., - 76, =~} «65337E~2
27 336742 - 77.. ~3 218665 .
28 | 3044276, - 78 . “Pe 423268
29 3051298 - 79 . =3 e63051
34 357795 - 8a. =~ .838559
31, 3.63755 814, -1 o BH4857 -
32 369164 - 82 «“} 425967 -
33 37401 . 83 1247148 -
34 378284 84 -1 ¢68362
35 3.819273 8s, <} 489567
36 3. 85068, , 86 “2s1@B722
37 387559 81 ‘ “2631783 -
33, 3089437 - 88 . ‘ ~2552704
39 . 3.90695 -- 89 ‘ 2673439
4@ 3491324 -~ 94 . : ~2 9334
41, 391318 .- 91, 314157 .-
42 ' 3.98671., 92 ~3e 34638, -~
43 389377, -~ 93 ~3¢5353 -
44 3:87431 , 94 ' =3472579 -
45 368483, 95 ~3+91129 -
46 | 3¢815857 . 96 ~4vP2121 |
47 377649 97 ~{ e 649T --
48 | 3.73666 98 , ~“8e83194 -
43 3:6782 .99 “$65918

5@ 3&6&%& 5 ' 2%@ “@@7&3 o~
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CONTINUING TABLE 8

i M1 CHON
121 <84 s88578 .-

182 “5.01315

163 -5.14242 -

194 «54 25487

195 “5:35576,

106 . ~5 o l4434 -

187 ~5.51983

108 . =5.58145

109 ~5.62839 -~

119. ~56 65981

111 567487 .

112 ~5.6727 -

113 . D w5,65242 -

114 =5.61312 ~ .
215 ) -8 g 55386 o CGEFF@ FO#n Lsi';oé;" Qi&@%@l@%ﬁﬁ%x%i @axg
116 “5 47372 '

117 ~5e37171 ~ 4893284
118 =5 SH6K6 =3 s 428 193E,""8 .
119 . -5.99815 - Le464S1E-13
150 292455 - HESIDUALS OF CURVE FIITING
124 -4 672502 - ’

122 45 49849 - ~

123 ~4424387 - 4s53182E-4
124 ~3.96004 7.09269E~4
126 ~3.300819 - ~867738E~5
127 -2492185 - »1.38293E~3
126 . 2450962 - 6-69933E-4
129 -2 0623 - 1428L19E=4
130, ~1457862 - "8+ 38606E~4
131 ~1.05734 - 665399E~5
132 ~0497154 2o 56931E=4
133 2. 103251 . 13401 1E-3
134 Be74521 . ©9«24646E-4
135 1 443008 ®5.78732E~4
136 2515926 - Se47336E~4
137 2633414 ~9«88182E~5
138 . 3:75646 . ’

135 . 462677 .

140, 5.54746 -

141, 6651972 .-

142 754509 -

143 8.62512 - vt
144 9476139 -

145 1009555 .

146 1202891

147 . 13.5238 -

148 . 1490813 -

149 16s3434

156, 178516 -

151 . 1904279 --
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The corrections to the photogrammetric refraction for large scale
photographs (flight height 300 feet - 12,000 feet) can be neglected as

shown in previous report Hou [6].

3-3-5. Space resection and intersection for Relative orientations

and model connections.

Analytical aerotriangulation reguires computations consisting

of space resections and intersections.

Space resections are used to determine the location of both camera
stations (R and L). The space resection program is based on the well
known collinearity equations as follows:

(X-X )my11 + (¥-¥o)myo + (Z-Zgimyq
x = { (X-Xo)m31 + (Y~Yo)m32 + (Z-—Zo)m33 1 ¢

(X-Xgim21 + (Y-¥ ) m22 + (2-Zg)moq
y = [ (X-—Xo)m31 + (Y~Yo)m32 + (Z—Zo)m33 ] Covrnnonnnnonca (39)

where x and vy are the image coordinates (right or left depending
upon the camera station in question) of the control point whose space
coordinate is X, Y and Z. X5, Y,, and Z0 aie the space coordinates of
camera station (right or left initially estimated). C is the focal
length =~ of the camera; m's are elements of rotational M orthogonal
matrix consisting of direction cosines or of the exterior (7, w, k)
orientation elements of the presently unknown camera station. The

above equations can be written in the form of collinearity condition
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using determinant notation, namely:
3

X c
= = Fx

MK MBX*

X c
= ( = Fy {40)

M X* M, X*

where

My = Emil’ mizs mi33

1
XX |

X% =  Y~Y
0

{
i

{Z-Zo

if the points are more than the unknowns, the least square adjustment
is used. The observation equations are:

Vx = Fx + dFx

Vy = Fy + dFy (41)
where F's are composed of initially estimated values and

dFx = > Fx AXO + JFx AYO + JFx AZO

2%, 2Y, 2Z,
+ JFx 2w 4+ JFx s +2Fx L4 {42)
w 29 2k

This is where A's are the corrections to the estimated values
which theoretically should be dX,, d¥,, etc. A similar equation is

formed for the dFy.

From the observation equations, the normal equations are formed,
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and the A's are computed. These are then regarded as corrections and
added to the originally estimated values. The process as can be seen
is based on Newton's method of iteration, and continues until the a's

are zexo.

The positions of the camera are then determined through these
resections. Then the points observed on the surface of the point are
determined by space intersections. The same mathematical concept has
been used as presented before with the only difference in the coordinates
of camera stations (X;, Yo, Z5; - Equation (39} now known as X, Y, and Z
space coordinates, computed from observed points. Equation {41) remains
the same as as a general notation but Equation (42) modifies toc the
fellowing formula:

dFx = JFx dX + 7Fx dY + 2Fx dZ, etc. 43)
2X 2Y 22

A modified computer program of Schut {5} for space resection and

intersection for relative orientation and model connection has been

employed in analytical aerotriangulation.

The input data for these computations were first obtained from
linear transformation from comparator coordinates to photo coordinates.
The comparator coordinates were measured on the University of Washington's
AP/2c analytical plotter. The instrument was used as a siereoc comparator

and an instruction for operations has been written by the author.

The operator only eliminates the x, y parallaxes for an observation.
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In this way it is possible to observe and record up to 250 points per

hour.

The comparator coordinates, recorded on punched paper tape, are
transformed by a time-sharing computer system according to section 3-3-1.
Subsequent programs for correéting film and lens distortiom, for

relative orientation and model connections are automatically linked

to the initisl program.

3-3-6. Strip adjustment.

After the relative orientation and model connection, the strip
coordinates can be transformed to a ground coordinate system and
adjusted with few known ground control points. The transformed adjust-
ments used by the Washington State Highway Department of Photogrammetry
for strip and block adjustments hés been programmed to utilize I.B.M.

(model 360/530) computer (Schut [2]) and G.E. Time-share computer

services {(Hou {3]).

The input and output data can be found in appendix.
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3-4. Conclusion.

Using the same test strip, similar accuracies were ebtained from
semi-analytical, analogical and (analytical-aerctriangulation methods

using University of Washington's Stereo-comparitor AP/2C).

Since a comparator is not available in our department, a comparison
of time between analytical and analogical methods are unobtainable.
However, in analytical aerotriangulation it requires only the image
coordinate measurements. Relative, absolute orientation, model con-

nection and adjustments are then performed by computer.

Savings in time using a comparator rather than an analogical

instrument would be noticably greater.

Linear transformation for detection of £1ilm distortion may be
considered for adoption in semi-analytical or analogical aerctriangulation

uséd in our photogrammetric procedures.
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CHAPTER IV

CONCLUSIONS AND RECOMMENDATIONS

On the basis of this study, several findings in aerotriangulation
indicate a recommendation for their adoption imto the Photogrammetry
Branch which will result in increased stereo model production, better

accuracies, and saving in processing time.

1. Using the same test sérip, similar accuracies are obtained from
semi-analytical, analogical, and analytical-aerotriangulation methods.
Since a comparator is not available in our Department, a comparison

of time between analytical and analogical methods are unobtainable.
However, in analytical aercotriangulatiom it requires only the image
coordinates measurement. Relative, absolute orientation, model connection,
and adjustments are then performed by computer. Savings in time using

a stereo comparator rather than an analogical instrument would be

greater.

2. The plotters in our Department such as Wild Autograph A-7 and A-8

could be used as mono-comparators for analytical aerotriangulation. However,

it requires a minimum of 9 pass points (PUG Points} which must be drilled into the
diapositives by means of a point transfer de¥ise. In cemparison, a
stereo-comparator requires only three pass points per diapesitive.

The probable errors by points transfer, plus the additional time required
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to pug and measure the additiomal points utilizes much more time
over that of a stereo-comparator. Thus, the analogical
instrument is not recommended for use as a mono comparator in production

work.

3. Linear transformation of comparator coordinates to photo coordinates
system in analytical aerotriangulation can be considered for adoption in
semi-analytical or analogical aerotriangulation for detection of film

distortions.

4. The results obtained in various tests and in practical work show
that the semi-analytical method should be used for aerctriangulation
operations in our Department. The advantages of this method can be
illustrated as follows:
a. Total time for aeroctriamgulation operations will be reduced
to 402 in comparison to present method, thus reducing total

cost of the photogrammetric services for any production work.

b. Recorded orientation elements in aerotriangulation using
stereo plotter (Wild A-7) can be reset for mapping or cross-
sectioning in Wild A-8 or Samntoni IIc. Thus, reducing the
time of relativerrientation operations which in turn reduces

the total cost of the photogrammetric services.

¢. The Wild Autograph A-8 has the capabilities to perform the
aerotriangulation procedures during overloads of Wild A-7 in

the bridging schedules.
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d. Most experienced sterec-operator can perform the semi-analytical

aerotriangulation procedures without any additional special

training.

5. The position of the projectér centers in the model coordinate system
for semi-analytical aserotriangulation can be determined by using the
simple level method, which results in similar accuracies, when compared

to the space resection method.

6. In order to eliminate the operation errors during processing of
semi~analytical aerotriangulation, the following facts must be taken inte
consideration.
a. After using the quick release mechanism in A-7 or A4-8 for
relative orientation, one must orient drive x,y wheels to
x,y drum values of left projector as recorded. Then reindex

%,y in the digitizer as recorded.

b. The digitizer coordinate x must increase in direction of
bridging of the strip to right. vy must increase towards
the top of the photo, Z should be set on zero to the lowest

reference line of the Z scale in instrument.
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APPENDIX A

Determination of the perspective center by use of space resection
method.

1. Input and Output data.

2. Computer program listings (BASIC).
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IKPUT & OUTPUT

SPACE* 13:21RST PL/09/73

WALHINGTON STATE HIGHWAYS DEPARTMENT
NUMERICAL DETERMINATION OF S5PACE RESECTION FOR OBLIQUE PHOTOGRARH

PHOT0 NOs & FOCAL LENGTH? RIGHT-1,152636

ENTER PHOTO COOKDINATES FOH 4 POINTS:Xl2Y1,X2,¥2:X35Y32845Y4
USE © FOR 4TH WHEN USINE 3 POINTS ‘
? 190051995 02,=1G05100s-==>»100210020:0 :

EMTER GROUND COORDINATLES 4 POINTSQEQ&T;&OHK&?ELEV& IN S5AaME -
ORDER AS- PHOTO COORDINALES,USE 0 FOH .4TH WHEN USING 3 POINTS-
? Ta&B69195 1588250574395 45 112858505 7209¢637 1588150535850

ENIER APPROXIMALE COORDINATLES OF CAMERSH POSITION,EsN,ELEV
? 7400213602300 .

'COORDINALES OF CaMERA POSITION PHOTO NOSRIGHI-1

POINTS, EAST NORTH FLIGHT=ALTITUBE HEMARK-
12253 . 7439 «5 1358449 3504139
ORIENTATION ANGLES (DEGREES) -
POINTS- DEPRESSION SWING AZIMUTH -
14223 894988, . 18,4009 . 198.386
UBED ¢25 UNITS-
BYE »
889068, CRU 90008+ 13 TCH POQ2<19, KC -

OFF AT 13:25P8T 81/09/73.



Bo8. PnlNt 7 WASHINGTON STATE HIGHWAYS DEPALTMENI ‘ ‘
P69 PoIND UNUMEALCAL DETEAMINALION OF SPACE LESECTION FO2 ORLIGUE PHOIGE

198,

HEM

73

23

MALHEMATIC ANALYSIS AND COMPUTER PROGRAM BY LeYHOU

142 PINT -

183 Py INT-

165 #~pINT "rFHAQTO NOe & FOCAL LENGTIHM:

118, INPJT A& F -

128 . PRINT "PHOTC COCHDINALES FOR ACIdsYCIDsWHERE I=1 ,TO 37

138 INFUL, XLaYlaX2sY2,X3s Y3

148 PoIND “GROUND COCHDINATES FOr ECIDSNCIYSHC(ID)> WHEKE I=1 [0 3¢
1S3 INPUL ElaNlsHIsE2:N2,H2sE3sN3,H3

262 PgINT ARPROXIMATE COOHDINATES OF prEHSPECTIVE CENTER LEpP, Nitg 4Py
212 INPJYT EBaNBsHE

228 . PRINT

239
248

259 .
269 .
278 .
284 .
LEY

3¢a

319.
32@.
338.

LET
LET

LE{
LET
LET
LET
LET
LET
LEY

Dissanl(Xi=X2)124(YI=Y2)t 24 (F312) -
D2=8QIX1=X3)18+({Y1=-YR3)1 24(F)12)
D3=5ar{(X2=X3312+(¥Y2~Y3)12+(F112)
L7=b@R((E11E2>22+(N1ﬁwa)12+(ﬁl:Ha)fa)*
LE8=pGn{(El=E331 24+ (NI=N3)t2+(Hi=H3)12) -
LO9=5QR{C(E2=E3) 124+ (N2=N3) 124 (H2~H3)12)
HA4={FAD] 3L %L 7"

H5=(FAD2 ¥%5% .

H6=L{F/D3)2L9 |

HE=(H4+HS+H6) 23

358 LETDA=5anC{ LY 124 (Y1)124(F)12) -

360.
379.
418.

415
416
418
419

LET
LET
LEL
LEY
LET

LEL

Ly

Lo Lk

423
a2
425

4348
440

445
446
458
451

(IS4 4

Led
LET
LEl
LET
LET
LEL
FOrt

SLET
LLET

452 LET

455

456

LET
LET

asamm (A2)124(Y2)124¢(F)12)
=SQRGIK3D 12+ (Y3124 (FI12)

11 =X 14D4

12==X2/D5

13==X3/D6

Jis=YiAD4 -

Jl=-724D5

J3==7Y35D6

Alserpsy -

K2=FADS

K3=F/D6"

A=CII%I2)+(J1%J2I+(K1%kK2)
B=(12%I3)#(J2%J3)+(K2%xK3)
C=CI3#I11+(J3%J1I#(K3 %K1 )

n=1 10 24.
La=5QR{(ES=EL1 12+ (N8=N121 24 (HB=-H1 112>
L5=3@R(LES=E2)12+(NBeN2) 124 (HB=H2)1 2)
L6=SQR(LEB=-E3)124(N8=~N3) 12+ (H8~HI)12)
L4=E8<E1 ,

ES5=E8=EZ2 .



457 LET E6=E8«E3

458 LET
459 LET
468 LE?
463 LEYL
464 LET
465 LET
476 LET
471 . LET
472 LET
474 LET
475 LEIL
476 LET
477 LET
478 LET
479 LET

Ng=N8=N1i .
NE=NE=-N2 |
NE=NE=N3 -
Z4g=ri8=H1 .
£5=HB8=HZ .
Z6=-8=H3
ITa4=E4 /L4

A5=E5/L5

16=E6/L6
Ja=NaA 4
J5=N5AL5
J6=N&6/L6
Ka=Z4/L.4
K5=25/L5
K6=46,L6

74

481 LET ALl=(l4%I50+(J4xJS )+ (K4kKS ) -
482 LET A2=(I5%I16)#(J5kJEIF(KS5*KE )
483 LET A3=(16%I4)+(J6kJA4IR{(KEXKLY -
495 IF A=Al THEN 42000,

496 LET WM=A=AL

437 LET va=RB-0828

498 LET V8=C-A3

566 LED I7=s({E4%ES5)+(N4RNBIM(Z4%L5)
512 LET J7=(ESRES6I®INS*NO6IF(L5%L6) ~
528 LEl K7=(E6#E43+(NO6kNAIE(LEkIAY -

534 LEY
S49 LET
558, LET
S5 LET
574 LET
586 LET
531 LET
583 LET
583 LET
62¢ LET
6L LET
62@ LET
634 LET
648 LET
659 . LET
668 LET

678 LET-

A4q=0RL 4%L5
AS=RxL5*L6
Ab=CxL,6%L 4
Wi=17-84
We=J7-A5
WB=K7+-A6
Wad=swig(—~11-
We=Wex{~13%-

WE=WBE{ =] ) -

GlsL4asLS
Ga=L5/L4
G3=L6/L5S

Ga=1.6/L:4

GS=L4/.6
G6=L5/L6
G?“(l*ﬁl%é}
GB=(1-G2%AX



686 LET (G9=(l-G6%8B)
69¢ LET Pl=(1<G3%BJ
788 LET pP2=(1<(420)>
748 LELY P3=(1<G5%()
T2E.LET Olzs(GTHESI+(G8XE4) ~
T3 . LET Bl={(G7xN5I+{G8xN4) -
T4 LET Ci=s(GT*253+{(GB%Z43%~
758 LET 02=(G9%xE63+(PI%ES -+
760 LET B2=(GO2N6I#(Fl1aN5) -
T7T8 . LEL C2=(Go%Z63+(P1I%Z25) -
T8G LELV O3=2(P2%E434¢(pP3kEE)-~
798 LET Bi=(PF2#NAY4+(PIENG6¥.+
B9 LEI C3=(P2%74)+{P3%46) »
H34.LET 04=02%01 .
B84 LET 05=02=2R1 ,
858 LET 06=02%(1 ,
860 LEL 07=02%Wi .
878 LET B4=01%02 .
B89 LET R5=01%B2
899 LET B6=01#%C2-.
9@g LET B7=01%WE .
910 . LEY X4=01%03
915 LED X5=01%R3
924 LET X6=01%C3 |
925 LET X7=014W3
338 LEYT Y4=03%01 ;
935 LET YS=03%B1 .
48 LEY Y&=(03=%L1 .
945 LET Y7=03%%l
958 . LEL F2=05-B5%-
955 LE] F3=06-B&
368 LET F4=07-8B7
365 LEL Fé=a527Y
973 LET FisZ0=Y6&
FEn LELD F3sXTeYT .
355 LELV- A8=Fa%F7 |
86 LEY YE=F3%F8 .
998 LET X9=F2%F7
P95 LEL O8sF3%F6~
1909 LET B3=F2%F8
1182 LEL RI=F4%F6 -
12060 LEL §9=xX3~-08 ,
1380 LEL T2=(XB=Y83/13.
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14@e LEE [3=(R3=-RBI3/1T9

1500 LKy 16==(RLIKTED

1690 Ly {7==-(C1%kT3)}

1700 . LET 11=C{6+T7T¢Wd /01

19861 LEF MisEB+T1

19G53 LED M2=N8+T2

19@¢4 LET.M3=H8+T3.

SHERHOBLEL ERB=Ml -

2GS0 LET Na=M2

RO LED HB3=M3

20859 N=X{ o

L40E30 Po Nl CrERSPRECIIVE CENTER COOHDINALELY
PV Fa N TEASTUIMLS NOATHT MR, TELEVATIONS 43

2FIIY BNk
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APPENDIX B

Instruction for Semi-analytical serotriangulation.

1‘

2.

4.

Instruction

Input.
1. Ground control points
2. Single model coordinates

Cutput
1. Strip coordinates
2. Adjustment

Computer program listings
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APPENDIX C
Linear transformation for comparator coordinates to photo
coordinates system and f£ilm distortion computation.
1. Input (recorded from AP/2C - comparator coordinates}
2. QOutput
1. Film distortion
2. Transformed photo coordinates

3. Computer program listings ( BASIC )
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PRPET
0108002 =~0178866 0197626 -0193838 0196784
0102002 -0178812 0197550 =0193832 (0i96784
0102002 -0178828 0197528 -0193834 0196780
0102002 =0178820 0197528 -0193838 0196782
0102003 0033182 0195110 0018192 0195822
0102G03 0033184 0195124 0018194 0195820
0102004 0030754 '=0016920 0017200 =-0016248
0102004 0030756 -0016924 0017200 -0016250
0102001 =0181266 =-0014492 =-0194824 -0015286
0102001 -0181268 -0014498 -0&94822 -0015266
»zooasoo ‘~0083992 »0183402 0008566
, ~0083990 000&286 -0183406 0008566
11003300 «00707 44 0001556 ~-0170760 00091 48
1003100 =0070744. O00C1558 «=0170788 0009146
1003100 -0070744 0001558 =0170772 0009132
2000600 -0028788 0002238 -0131032 0010704
2000600 =-00287%4 0002234 -0131032 0010700
1004100 0013592 0003478 =-0091220 0012782
4004100 0013636 0003444 =-0091218 0012790
1004100 0013650 . 0003448 =-0091222 0012790
1004100 0013616 0003430 -0091i216 0012782
7004100 0021424 0005910 -0083970 0015204
7004100 0021434 0005882 -0083962 0015210
7004100 0021438 0005910 =-0083968 0015204
2000800 0027806 0028284 -0077646 0036506
2000800 0027828 0028294 =-D077642 06036506
2000800 0027832 0028300 =-0077648 0036504
7004200 0022408 0026500 =0082808 0034710
7004200 0022402 0026498 -0082804 0034702
3000700 =-0031620 0038198 =(0134386 0045020
~J00700 =-0031812 0038202 -0134388 0045024
7003100 -0061546 0082248 -0162730 0029100
7003100 -0061566 0022260 =-0162730 0029106
7003100 -0061544 0022252 -=0162720 0029104
‘2002100 =-0088790 0047806 -~0190284 0053532
2002100 -0088802 0047814 -0190294 0053532
2002000 -0091418 0068592 =0193928 0074128
2002000 -00914ls 0068584 =-0193930 0074138
2001900 -0045098 0081898 -0147962 0087968
2001900 -0045104 0081902 -0147958 0087964
1004200 0009 326 0065234 -0095586 0071970
1004200 0009342 0065214 -0095584 0071974
1004200 0009430 0065232 -~0095584 0071978
2001800 -0028748 0116470 -0129918 0123170
2001800 ~-0028752 0116468 =0129922 0123168
2001700 0008804 0131140 -0091046 0138322
2001700 0Qo088bh8 0131134 =-0091042 0138328
200+980/&% 0040302 0133462 -0058028 0146908
FOOTTD0IS C0A0296 0139468 -0058022 0146914
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buTPUT

BN
LINEAY 1L242P57 . DLA2LATT,
LINEAR TAANSFOAMATION FOR FILM DISTORTION COMPUTATION
POINT=-NO X, Y .
FILM DISTOHTION
i. 6«1 3352E-3 =7+ F3658FE~3
2 1430615E~2 To B4936E~3
3 “A. 012085 1< 19934E-2
4 =64 IS8ARLIE~3 =lelB6RGE~2
THANSFORMATION PHQTOC COORDINATES
MOD=NO PQINT=NO X . Y .
FPRINP.P 32069 10601 . 1306
i1 19631, 9@g23+951 , 924.512-
i, 18832 90281463 1433.81L .
L I 13833 90819+395 1393899 .
iy 1do4at 9143.462 928.528 |
i1, 14g42 9698 .8B24 87677,
i1, 14243 @9 721 , 1032216 .
i, 26005 9@1L«314 923.872 ~
i 20406 9P63 665 926. 281
i. 20068 . 9116.926G . 952 #2982 -
1. 200017 9060153 968545
i. 20821 . 9004226 968798 :
i, 20620 QBB 488 | 983373~
i, 2a91i8 . 064264, 1838781 .
i. 20517 . 9285113 . 1354.868..
1. 20016 . 9136933 1062«772
i, 3oL 9123.229 1278848,
@ . @ 91%4¢721., 916+1583

UBED

68 UNITS.



LINEAR

g7

BLA244T3 .

ipg FILES. Bl
181 PRINT “LINEAR TRANSFORMATION FOR FILM DISTORTION COMPUTATION®™

162 AEM
183 nEM
194 nEM
big pIM
112 pio
1j3 biM
i1% DIM
116 biv
117 DI
126 . DIy
178 . LET
170 LEY
188 _FOR

MATHEMATC+# AND COMPUTER FPROGRAM BY CoY.HOU
WASHINGTON STATE HIGHWAYS, PHOTOGRAMMETRY BrANCH |

PROGAAM FOn LINEAR THANS.. FOR ANALY. PAQT0Ge AND FILM DILie
NCIGDIMIGE2,0C 1802 AL A0 A8C100)sBlLEG 0188301003 -
wiiga?

KC1gay-

BSC12G1,CRC10QY
KC1QBasLC 110G~

FCIGDYs GCLag) -
IC100sXCIATI»YC1B0)A2C 10835VE 180) U1 AR #T(1GRYRC1GEY
M=l

0=5@"

I= 1 .70 ¥

196 HEAD ACI¥»BLIXSCOI3

191 LET
122 LET
280 LET
218 LET

BCIY=BCI}%0 01 ;
Cll 3I=CCI IR @}%‘

X9=X9aBLI ¥

Y9=Yqul{I3 ~

226 NEXT, I

238 _.LET
248 LET
258 FOR
260 LET
278 LET

XB=KIFM

YE=YRAMAE
I= 1,70 M

XCIy=BCI)=4%

YCII=C(1Id~Y8~

284 NEXT I

388 . FOR

I= 1 .10 ™

318 . nEAD #1eBB3{I¥sC3CIYsU0I25UCL)

311 LET
312 LEY

UIy=U(1I¥%2,081% .

ViII=U{1I3%06.0841

329 LET XT=X7#0C13

338 LET

Y=Y TeVCI)

348 NEXT 1-

358 LET
368 LET
37¢.FCH
38¢ LET
398 .LEY

X=X T/M%

Y=Y
I= 1 70 M-

W I¥=Ul{l)=-X§ ,
FASS AL G DLE €]

488 NEXY, I

£1§.FOR
428 LEY

I=1.70 ™
E1SE14CHE 1I%KCI)) =

43¢ LET FisFi$(ZCI)%Y(I¥) -
440 LET G1=CGle(WIltR+Z(INT2) ¢
A58 LET HisHLe(WlI»xyY(1d) -

466 LET Mi=MIeC(ZCI¥%X(1)) -

478 NERT 1

4846 LEY
499 LET
568 .LET

No=E14F1 .
,09=M1”*H 1.
P=NSSGLY
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LINEAR B4as24473

518 LET @=09/G1,

513 . PRINT "PQINT=NO™, X", Y™

528 LET R1sXB-PkX6~Y6 |

53¢ LET R2=Y§=<PkY6FWEXE

532 PRINT "FILM DISTORTION® -

54¢. FOR I=1,7T0 M-

550, LET S5=R14FKUCII$QHVEI I~

560 LET T=n12¢R3Vel x=-0gUlll -

572 LET A{I13=5+BCI)+

8¢ LET LCIX=T-CCD)

590 . PRINT AGIISK{IdLCIY

609 NEXT, I

635 PRINT "THANSFORMATION PHOTC COOHRDINATESY
ﬁ% pﬁ LN I "MOD‘*NO""“?OKMT"NO”)‘"K";‘"Y“” .

607 PRLNTVFRINP ¢P"»"00000Y 5 X85Y8 |

614 .FOr J= 1 .,70. 0~

61} .1IF ENL #1 . THEN 714.

620, REAR #1aF(JYrGCJYsZ(J)#K(IY

621 LET ZCJI=ZLJX¥%080] ,

622 LET K(J3=K{J3*0.001"

£38 LET B=A14P%Z{JI+uxK{J>

648 LET T=R2ePEK(JIY-L{J)~

U9 £44 #RFEFE BHEREF o FEF FEBEF e B EF
656, FUINT UBING 6495 F(NsGlJYsSsd

628 NEXT J
?ﬂ@.Déﬁg¢1%9®@@@®49®®Q@g2r9ﬁ®@@®ziLl2@@z3ﬂ9812@2»1LL&Q&&éﬁ92i2@@z9ﬁﬁ@%;
714 END
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APPENDIX D

Input format for aémalytical aerotriangulation.
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Input data for analytical aevotriangulation:

Input data for analytical aerotriangulation by using an IBM 2780

Remcte Teleprocessing Terminal or a G.E. Time-sharing computer system

must be arranged in groups as follows.

1)
—(2)
(3
(4)
(5)
(6)
—{(7)

(8)

%)

(10)

i1

Computer job number card.

Linear tranzformation program control deck.

Job title card.

Ground control deck same format as semi-analytical program
Equation card.

Correction cards for RC8 camera No. 15 VAG 274

Anaslytical aerotriangulation control deck.

First model cards.

1. 4 fiducial marks cards (left, right)

2. 6 PUG points for relative orientation (lefe, right) %
3. Other points ,

Next model, etc.

Same order as step (8).

Blank card.

Strip adjustment contreol deck.

*Format (I4, I5, 4I7). See input data.
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