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1 .O MODULE DESCRIPTION 

A photogrammetric mission whose photography generates a photogrammetric net 

covering the lunar surface with isotropic overlap has been found to possess extra- 

ordinary geometric strength (Brown 1968). The study of such nets is of particular 

interest for mission planning. The Global Block Adiujtment Module, acronym GBLOCK, 

has been designed for the specific purpose of enabling such studies. For photo- 

grammetric schemes specified by program input, GBLOCK computes the a posteriori 

estimates of standard errors for exposure station position and orientation elements and 

for ground point coordinates 

The method employed by GBLOCK to perform these computations is based on 

the procedures described i n  detail by D. Brown (Brown 1968). The scheme for generating 

simulated photography involves purely geometric techniques. An algorithm i s  employed 

for generation of point patterns which approximates those patterns obtained by successive 

bisections of fhe icosahedron. Although this  Geometric approach precludes impsitiori 

of orbital constraints per se, the effect of orbital constraints may be approximated by  

means of the a priori estimates of standard errors of the exposure station parameters. 

These estimates, given in  the local vertical coordinate system, are amoiig the input 

required by the module. 

The  geometric approach to the problem of computing expected accuracies from 

photogrammetric nets of global coverage is especially advantageous for basic studies. 

By assuming a circular orbit, GBLOCK completely avoids the use of a numerical 

integration process for the  determination of exposure station position and orientation. 

The resultant reduction i n  computer execution t i m e  i s  -quite substantial. T h e  difference 

i n  the results obtained by this method will not differ significantly from the results that 

would be obtained from a Photogrammetric net i n  which the exposure station positions 

and orientations are determined by applying a numerical integration process to a n  orbit 

of low eccentricity. 
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Since GBLOCK does not solve for the unknown variables of position and 

orientation, but rather computes the expected values of their standard errors, the need 

to iterate on a solution i s  removed. When the init ial -upproximations to the unknown 

variables are close to the adjusted values, as is the case with GGLOCK, the 

a posteriori estimates of the standard errors of the unknowns obtained from a zero 

iteration w i l l  not differ significantly from those obtained from subsequent iterations e 

ve Specific applications of GBLOCK include the investigation of the comparat 

-merits -of trade-offs such as increased photography (more frames) versus increased 

imagery (more image measurements) or the incorporation of external sensors into the 

hurdware . 
As previously noted, GBLOCK i s  intended for the study of photogrammetric nets 

of global lunar coverage from a circular polar orbit. For other types of nets, the user 

i s  referred to the MuIti-mission Block Adjustment Module (MBLOCK) which i s  presented 

i n  Volume 3. 

e r r ,  n P - . t ,  
W D L U L ~  consisis of i'nree submoduies, ihe Sirnu ;ate4 Fhoiography Submoduies, 

the Normal Equafions Formation Submodule, and the Statistical Recovery SubmccJuIe 

These submodules are discussed in  the following sections. 
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1.1 Simulated Photography Submodu -- le 

The Siinulated Photography Submodule generates a f i le of sirnuluted plate 

measurement data. Input to t h i s  submodule i s  described in  detail in Section 3 of this 

volume. Output from this submodule i s  a f i le containing one record per simulated 

photography. T h i s  f i le i s  called the Unsorted Working Data File. The records are i n  

order of increasing photo numbers. The photo numbers themselves are chosen in  a 

manner which minimizes the bandwidth of the normal equations, formed in the second 

submodule. The photo numbering scheme i s  the method called "pole-to-pole spiral 

ordering'' by Brown (Brown, 1968). This method is  alternatively called "the orange- 

peel method" in deference to the fact that the DBA Systems home office i s  located in  

F lori da . 
A brief description of the operation of this submodule i s  as foI.fows: 

1) input-simulation parumeters are read in, a limited number of checks are 

made, and two pages of printed output are generated (see Section 4); 

2) initialization - a f i le of exposure stations and a f i l e  of ground positions 

are generated; 

3) simulation - photography i s  simulated. For each photo, a record 

containing a l l  relevant data i s  output to a sequential file, the Unsorted Working Data 

File. Also for each photo, a record of ground coverage data i s  output to another 

sequential file, for possible use in producing a ground coverage plot. O n  option, the 

simulated photography i s  output to the printer. 

I .2 I__ Normal Equations Formation Submodule 

Using the Unsorted Working Data File as input,. this submodule generates the 

normal equations. Four subroutines are involved in  this process. Three of the subroutines 

perform sorting functions, and uti l ize the random access capability of the UNIVAC 1 1  08. 

The fourth subroutine forms the reduced system of normal equations (see Brown, 1968 and 

Section 2.5 of this volume). The present version of this subroutine incorporates two 
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important changes from previousiy developed versions, as explained i n  Section 2.5. 

1.3 Stat istica I Recovery Su bmodu le 

T h e  Statistical Recovery Submodule is the mosi computer-time-consuming 

section of the entire GBLOCK module. This submodule inverts the normal equatiais, 

and extracts certain statistics from the inverse.. 

The printed output consists of two tables a The first gives a posteriori estimates 

of standard errors of the exposure station parameters, and  the seccnd gives a posteriori 

estimates of file standard errars of ground position coordinates (see Section 3 for details). 

The submodule consists of a series of three subroutines. The first two sub- 

routines invert the normal equations by the Method of Recursive Partitioning. The 

third subroutine extracts the statistics required by the two printed output tables named 

above. The  random access capability of the UNlVAC I 1  08 is utilized for enhanced 

computational throughout. 
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2.0 MATHEMATICAL ANALYSES 

2.1 Prelitninarv Remurks on Anaular Rotations 

(a) Positive rotations are those which rotate X into Y,  Y into Z, and 

Z into X .  For right-handed coordinate systems, rotations are positive in a anfi-clockwfse 

direction, and for left-handed systems, rotations are positive in  a clockwise direction a 

(b) The notation R (a) means: 1 

(c) The notation R2(P) means: 

(Id) The notation R ( y)  means: 3 

2,2 Explanation of Coordinate Systems Used in  GBLOCK 

(a) Universal Space Rectangular (USR) 

Spheroceniric latitude, Q, , longitude, h , and elevation, h, are related 

to the USR coordinates, X, Y, and Z, by the matrix identity: 
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where R is the radius of  the reference sphere. 

The axes form a right-handed coordinate system, and the angIes+andh are 

positive i n  the mathematical sense. For the case of the yarth, this means latitudes 

are positive north of  the equator, and longitudes are positive east of Greenwich. 

For GBLOC1<, longitudes are reduced to the range -n= h=n e < <  

(b) Local Vertical Coordinate System at a Point 

The axes are oriented such that the X -axis or E-axis i s  the direction 

-axis or N-axis is i n  the direction of increasing 
L.V. 

I of increasing isngitude (east), the Y 

latitude (north), and the ZLmV.-axis or U-axis i s  outward along the normal to the 

reference sphere 'through the point (up). 

L.V. 

The subscript (L.V.Gf. denotes that the origin i s  the i th ground point. 
I 

The subscript (L .V.C). denotes that the origin i s  at the i th exposure station. The sub- 

script (L.V.S) denotes that the origin i s  at the center of the reference sphere, and 

that the Z, , , -axis i s  i n  the. direction of some qiven point K .  

I 
k 

L . V .  

(c) Photo Coordinate System 

The origin of  this right-handed coordinate system i s  at the exposure 

station (optical center of  the lens). The Z 

to the image plane, and positive directed away from the image plane towards the lens. 

The 'photo - and 'photo 
-axis i n  the direction of the line of flight,. and the positive Yphoto-axis, accordingly, 

i s  to the left of the l ine of flight. The coordinates of image points given i n  this system 

wi l l  be of the form (x ,y ,9r where f i s  the focal length whose value i s  positive. 

-axis, or optical axis, i s  orthogonal 
photo 

axes are parallel to the image plane, with the positive X 
photo 

P P  

(4 Sense of Angles Used i n  GBLOCK 

Ang I e Rotation Implied 
- .  

@ R, (@ 
h 

Comments 

Positive i n  the mathematical sense 

Positive i n  the mathematical sense 
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Ang I e - Rotation implied Comments 

- 
w 

- a 

Rq 0 Positive i n  the mathematical sense 

R*(=--?) Positive opposite the mathematical 
sense 

R3(900 4) Positive opposite the mathematical 
sense and nteasured from the local 
vertical N -axis 

2.3 The Jacobian Matrix of the Transformation From Geographic Coordinates 
to US("\ Coordinates - 

The relation between changes i n  latitude, (N), longitude, (E), and elevation (U), 

expressed in unites of length, and changes in X, T, and Z in  the USR coordinate system 

a t  a point K is given by: 

where, 

- - 
"k 

cos42 C 0 S X k  k 

cos@ s in  X k k 

sin @k 

This relation is utilized for covar'iance transformations, and also for the 

transformation of positional perturbations 

2.4 Simulated Photography 

The simulated photography is generated under confrol of the program GLOSIM. 

The program GLOSIM is supplied by the  programs CAMPOS, PTPOS, and several lower 

level routines. 
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%e sirnufation proceeds by first generating a f i le  of exposure station positions 

and a f i le of ground point positions, and then simulating near-vertical photography from 

the exposure stations to the ground point positions. 

2.4. 'I Determinatian of  Exposure Station Positions 

An algorithm i s  used to determine a pattern of exposure stations at which 

photographs are subsequently simulated. The aigorithm generates patterns of points 

which approximate the patterns obtained by the method of successive bisections of 

the icosahedron (see Brown, 1968). This procedure i s  performed by the subprogram 

CAMPOS, which i s  called by the program GLOSIM. 

The value of the input parameter LBf determines the number of positions 

generated. The nunber of positions generated is the same as the number of vertices 

resulting from the (LBI) th 
level of bisection of the icosahedron. 

The positions pnerated fie on NPHfS latitudes where NPHlS (3) * (2) LB' -+ 5 .  

These latitudes are equally spaced, so that the difference between two successive latitires 

i s :  

A c p  - - r/(NPHIS - 1). 

The number of positions, P(v), on a given latitude, V, i s  as follows: 

i f  (9 = q 2  , P(v) = 1 

i f  ~ / 6  L cp , P(P) = 5 * ~ / 3  
A c p  

The separation i n  longitude AA( 'P) , of successive positions along a given circle of latitude, 

Y), is then given by: 

The longitude of the lowest numbered position x ('P) for each latitude, 'P , is given as 

fof lows: 
0 
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for ~ / 6  > Q  => - n/6 

(1) i f  circular format photograph, X ( C P )  = X { cp f AV) f 
A X ( 4  

a 0 

(2) if square format photography, X ( c p )  = ( Q CAP) + A X  (P) 
0 0 

(1) = 3 K , i f  circular format photography 
5 

(2) (Q)  = 4 x  if square. 
I 

5 0 

Numbering of the posifions i s  accomplished by first assigning the number 1 to the rtori-h 

pole, then dropping to cp = a / 2  -AP, and assigning 2 to the point whose longitude i s  

(v) for this P. Numbering continues by proceeding westward about the latitude 
0 

circle, P ,  then dropping to P = ~ / 2  - 2 *AP, etc. 

The above applies to double sidelap photography. For single sidelap, - 

which i s  permitted only with square format photography, alternate photos are omitted 

befween plus and minus 30' latitude. The positions omitted are at longitudes: 

= X (Q)  + k A X ( P )  , k = 1, 3, 5,. . .. .. . 
0 

2.4.2 Determination of Ground Point Positions 

The ground point positions are generated by the subprogram PTPOS, which i s  

called by the program GLOSIM. The variables which determine the generated point 

pattern are the level of bisections of this icosahedron, LBI, and the level of densification, 

LDENS, which are input parameters to the program GLOSIM. 
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The pattern of ground point positions i s  determined by the same algorithm used 

to determine fhe  pattern of exposure station positions, with the fol lowing differences: 

( I )  the number of fatitudes and their spacing is a function of the 

parameters LBI and LDENS; 

(2) each point i s  assigned a six character label. 

The  scheme for labeling the points requires some explanation. The scheme 

i s  designed to provide a set of fubels which identify the ground points. fr i  additiol:, 

the scheme i s  designed to convey some indication of the locution of the point, and 

the  type of positional control associated with the point. The label assigned to a ground 

point is a function of its position and of the parameters LBI, LDENS, and IFMT. A 

given label may denote two different positions i n  two different simulations. - 
Given the values of LBI, LDENS, and IFMT, and a six character label of the 

form "abcdef", the coordinates and control associated with that position may be computed 

as follows: 

(b) .compute AP" ; A P ' '  =AP'/(LDENS -I- 1) 

(c) use Table 2.1 to determine the type of control from the first character, 

a. Also obtain the integer INT from Table 2.1; 

(d) compute C P '  ; 

(e) compute A CP DENS = - f  - AQ' 
10 

(9 the latitude of the point is computed by:. 
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compute P(P)  ; 

(b) i f  ~ / 2  > ep>v6 , P(cp) = 5 "  77/2 - cp 
Acp I' 

compute X (cp) 
0 

('I) if SQUARE FORMAT (IFMP = l ) ,  x ( c p )  = 0, for all 9's 
0 

(2) if CIRCULAR format (fFMT = 0) 

the longitude of the point i s  compufed by: 

' X =  X (P) = - ( c  100 + d 10 f e) *AX(CP)  
0 
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TABLE 2.1 

1) 

2) 

3) 

Locate first character ot label, a, i n  table. 

Type of control i s  given af top of column in which the 
first character appears 

The integer INT for use i n  the position computation 
is given a t  left of row in  which the f irst.  character 
appears 
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2.4.3 Exposure Station Pcrramsters 

- - 

2.4.3. I Notation 
-I_ 

C C 

I 
COSCP; sinh. 

Symbol 
c c * c  

%Xi, I H; 

Description 

North \crti+ude (+)! east longifude (+) 
and altitude ef  the i th exposure stcttion 

USR coordinates of the i th exposure station 

A priori estimates of the standard errors of 
the exposure station positions given in the 
local vertical system. (These are the same 
for a l l  exposure stations). 

Roll, pitch, and azimuth of the i th exposure 
station. (These angles are referenced to the 
local vertical coordinate system). 

A priori estimates of the standcrd errors of the  
orientation angles of the exposure s ~ i o n s ,  
(These, are the same for all exposure stations). 

a Radius of the reference sphere 

u. I Jacobian matrix of the i th exposure station 

2.4.3.2 Computation of Exposure Station Parameters 

The USR position of the exposure station i s  given by: 

x:: I 

Y:: I 

Z: I 

C C 

I 
P O S P i  c O s X g  

C L sinq. USR I 

[ a  +,;I 
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b) .The local vertical orientation angles of the exposure station are given by: 

c) The variance-covariance matrix of USR position elements i s  given by: 

2 2 . .  2 .T 
= u. diag ( b  i Q ) Ui . 

I N’ E‘ U 

d) The  variance-covaricnce matrix local vertical orientation elements is 

given by: 
0 zqa 

. 2  . 2  . 2  c = diag (oG , u q r o a  ). 
i I 

e) The weight matrix of USE position eiemertfs i s  given by: 

9 The weight matrix of locpl vertical orientation elements i s  given by: 

2.4.4 Ground Point Parameters 

2.4.4.1 Notation 

Symbol 

x . h .  i‘ I I 

Description 

North latitude (+), east longitude (+) and 
elevation of j th ground point. (Elevation 
of all ground points is taken as zero). 
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Des cr i p t io  t i  Symbol 

x Y z. i‘ i’ I 
.. ii ‘ 5  bN E. U. i I I 

USR coordinates of the i th ground point 

A priori estimates of the standard errors 
of ground point positions g’iven in  the local 
vertical coordinate system 

Jacobian mi.;trix of the j th ground point 

2.4.4.2 Comwtation of  Grounc Point Parameters 

The USR position of the ground point is given by: 

The variance-covariance matrix OF USR position elements i s  given by: 

Note: Each a priori estimate of the standard error o f  a ground point 

position or sigma, wi l l  assume one o f  two values. I f  the point i s  a 

control point, the sigma for those coordinates which are confrolied 

is set to a value specified b y  the input shown. The sigmas for a l l  

coordinates of passpoints, and those Coordinates of control points 

which are not controlled, are set to a very large number, which is 

internal to the program. 

The weight matrix of USR position elements is given by: 
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2.4.5 Generation of Imagery 

2.4.5.1 Notation 

Symbol 
__. 

C 

d 

x ..I Y ii 
'I 

Descr i Dt io n 

Focal 1engf.h of camera 

Fi trn format = side, i f  square frame; 
diameter, i f  circular. 

image caordinates of j th ground point on 
i th photo 

A priori estimate of standard errors of plate 
tn easwe men  ts . 

Coefficients of the empirical weighting 
function of plate coordinates 

2.4.5.2 Computations 

Preliminary. - 
a) 1 

Compute the local vsr~icul orier~fwiioii matrix, T., oi' ihe i th phofo: 

b} Compute the USR orientation matrix, R., of the  i th photo: 
I 

C) Compute the spherocentric orientation matrix, T.? of the i th photo: 
I - 

T. = T. R. . 
I I I 

Coverage computations . 



d) Compute the coordinates of the f rame corners  and nadi r  i n  the Ioccsf 

ve r t i ca l  system hav ing  i t s  o r ig in  at the exposure  s ta t ion ,  for the i th photo: 

x2  

y2  

=2 

x3 

y 3  

z 3  

x4 

y4 

z4 

-T 
= I-. 

I 

(L.V.C.). 
I 

d 
2 

-. d 
2- 

-C 

d 
- 2  

2 
d 

-C 

(PHOTO). 
I 

e) Compute k; k = 1 + L,/a 
I 

6 

9 
as follows: 

For n = 1, 2,  3, 4, 5, compuie (X", Y " ,  Z") = f(X , Y , Z I h,u) n n n  n n n  

2 2 2 1 . 4  = x  + Y  + z  . 
n n n n 

2. t = &  - k  (X + Y  ) ,  
2 2  2 

n n n 

3. I f  t < 0, sat i. = 0, and set flag to indicate fiat computa t ion  i s  for 

t a n g e n t  r a y  in s t ead  of corner .  

* = -kZ - dF. 
n 4- I n  

5. Final ly:  

x * = x  
n n in  

Y* = Y in 
n 

n n 
z* =p - i n  2 2  (Xn 

g) Computes coord ina te s  of imaged po in t  (or tangent r a y  point) on unit sphere: 

I 

T = R. 
I 

USR (L .v . s .). 
f 
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h) Compute spherocentric latitude and longitude of imaged point (or 

tangeni ray point) on sphere for n = 1 ,  2, 3, 4, 5: 

-1 CP = sin ( ? / a n )  n 

'n n n  

n 

= tan-' (ys/xS> . 

Computation of image coordinates of ground points. 

i) Compute normalized coordinates of ground point in camera focal 

vertical system having origin a t  center of 

= R. 
I 

sphere : 

c o s 9  cosx 

cosy .  sin 
i 

:fnqi 1 
to next ground point. 

2. I f Z G  k %  1, continue. 
i 

Translate origin to exposure station: 

- - 

(L.V.C.). 
I 

+ 

Rotate from local vertical to photo eaordinate system: 

- 
= Ti 

I 
! (PHOTO). 

I 
(L .v .c .)* 

I 

(L .v. s .). 
I 
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P 
' I  m) ScaIe such hat .  Z,,+-C to obtain image coordinates: 

' C  
I_ 

P 
Z.. 

1 1  
' I  (PHOTO). 

I 

- 
0 - 

Y.. 
' I  

wh ere, 

Set JFLAG as follows: 

) 2 0, JFLAG' = o (point i s  on frame). 2 2 d2 
!I ' I  -3- I f  p.. + Y.. 

I f  (x.. 2 + Y * ii -;T d 2 ) > 0  
'I 

, JFLAG = 1 (point an square frame but off circular frcime) d 

Otherwise, JFLAG 2 (point i s  off Frame). 

Compute cr , cr 
x.. y.. 

1 1  1 1  

i 2 ) z  
r.. ' I  = (x2 'I + yii 
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Normal Equations Formation 

NEF computes the coefficients of the reduced normal equations required for a 

- 2.5 

least squares adjustment of the photogrammetric network. The mathematical formulation 

of the system of reduced normal equations is developed in Brown (1958) and i s  further 

refined in Brown, Davis, Johnson (I 964) a This formulation i s  given i n  summary form in 

Brown (1 968) 

The present formulation of this program differs from previously developed 

versions in two important aspects. The angles of exterior orientation of exposure stations 

a re  expressed with respect to the local vertical coordinate system, where previous versjons 

expressed these angles with respect to th? USR coordinate system. A new innovation i s  

that provision is made to include the effect of simul ated altimeter measurements. 

The simulated photography is all near-vertical. Thus the range and mean of the 

angles of exterior orientation will be small, if the anGles are given with respect to the 

local vertical coordinate system. 

For the case of global coverage, the range and m e a n  of the scime angles given 

with respect to the USR coordinate system are, by comparison, quite large. In addition 

to facilitating meaningful interpretation of the results, the use of local vertical angles 

results i n  a computational scheme which is numerically more stable. 
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For those photos specified by the input data (Secfion 31, a distance measurement 

from the exposure station to a ground point near the photo nadir is simulated. The reduced 

normal equations are then modified to include the effect of these simulated measurements. 

2.5.1 Nofation 

Symbol 

5 
U 

Eescription 

Altimeter measurement from i th exposure 
to i th ground point 

A priori estimate of standard error of al t i -  
meter measurements (same for ai I measure- 
ments). 

2.5.2 ComDutations 

a) The entries of  the B.. and matrices are computed as follows: 
I I  i i  

'T B.. = 
1 1  

4 

A derivation of the above expressions for 6.. and 6.. i s  given in Section 2.5.3 
1 1  1 1  
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b) The entries of the and b are computed as follows: 
! I  I I  

s.. s.. 

I .  First compute: 

2. Then campute: 

3. Finally: 

A derivation of the above expressions for and 
s.. s* 

' I  ' 1  
is given in Section 2.5.3. 

c) The entries of the reduced normal equations matrix are computed one 

block row a t  a time as follows. (The basic block row has 6 rows). First the weight 

matrices of the photo coordinates and the elements of exterior orientafion are set up: 

w i. = diag (W. , W:'") 
I I I 
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and, 

W = diag (O,O,O, w w r } 
S.. s.. s.. s o .  

' I  ' 1  ' 1  . ' I  

where, 

2 
w = I/"$ 

5. 
1 1  

if altimeter measurement to be sirnufated between the i th exposure station and the i th 

passpoint. Otherwise, w = 0. Then: 
S.. 
'I 

" T  k, = ? B . . W . -  b.. +h. + e'BT W b 
I I ' i  ' I  'I I f s.. s.. s.. 

' I  ' I  ' I  6x6 

is computed for the i th photograph, where the summation i s  over ail the pass points on the 

i th photograph. The  

photo and for all +he photographs which have pass points i n  common with the i th photograph. 

The  formula is: 

matrices are then  computed for all the pass poicts on  the i th 

.. .. *T + i T W  B N,. = B W.. B.. 
- 

5.. s.. s.. i i  1 1  1 1  
' I  !I 1 1  ' I  

The  N makices for all the pass points on  the i th photogruph are computed from: 

.. .. *T *. 
N = f : B . . W , , B , ,  +W. + C % T  W €3 

s.. s.. s.. ' ' I  1 1  ' I  i ' ' I  ' 1  ' 1  1 

where the summation is over al l  the photogrqphs covering the i th pass point. Denoting 

the reduced normal equation matrix by N and a 6x6 block entry of N by N the i th 

block row of N is computed as  follows: Entry (ii} i s  given by: 

A A A 

ik' 
A 

- I  
e --P N.. = N.-CN..N. N.. 

I '  1 i I 1  I ' I  

A - .. 
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where the summation is over a1 I the pass points covering the i fh  photograph e The off- 

diagonal elements of the i th block row is given by: 

where the summation is over all the pass points common to both the i th and k i.h photographs. 

Thus if photos i and k do not. huve a n y  common pass points N = 0. Since 1'4 i s  symmetric, 

Since N is symmetric, Nki - Nik.  

A A 

A A T  ik  A 
in practice only the upper triangular portion of N - 

is computed and stored. 

2.5.3 Derivation of Coefficients of Linearized Observation Equations 

a) and B 

The perspective equations may be written as: 

where, 
. .  
K 

L 

M . .  

x - xc 

z - zc 

and , --. 

where T and T a re  orthogonal matrices. Differentiating ('I) and (2) we have: 
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and, 

T Pi-emultip!ying (2) by T we have: 

Substituting (5) i n  (4) we have: 

Since T is orthogonal: 

T T ~  = I .  

'dX - dXC 

dy - dYC 

dZ - dZC 

L 

+ T  

Differentiating (7) and transposing we have, since dl 

T dTTT = -TdT '. 

dX - dXc 

dY - dYC 

dZ - dZC 

= 0, 
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I" Note that dTT is skew-symmetric und m a y  be expressed as: 

dTTT (I 6l 

- J 1  0 

- 6  6 =I 2 3  

6 

3 .1 0 

(9) 

Substituting (9) i n  (6) and the result in  (3) we have: 

0 

C 

x ]  [: 
-5 

6 
1 

0 

- d3 

Performing the matrix multiplications i n  (IO) and rearranging terns we have 

dX-$Xcy 
4*5, cB*E, [ d~-~u:i  
cA'-tyD , cB'VE, cC'VF dZ-dZ 

(1 1) 

It is now necessary to express ( 6 b 6 ) as functions of the differentials of 1' 2 3 
the  orientafion angles. If the orientation matrix i s  given in terms of local vertical angles, 

we  have: 

dTTT = d(i R) * (7 R)T 

or 
T-T. dTTT = d? TT + TdR R T 

T .-T T h e  second term, TdR R 
orientation angles. Furthermore, the contribution of the uncertainty of the image coordinates 

due to the uncertainty of the position of the exposure station is considered negligible. 

T , does not involve any differentials of the local vertical 
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Then we say: 

-T - 
dTTT = dT T . 

- 
0 sinwd? -cos~cos~d iE,  cosSd5 +s inGcos+dZ i 0 , dG -sinGdZ dT TT= -sinZ; d q  + cosGcos5d 6 

- 

f 0 J [-cos; d$ -sinZcosG d i i  , -d W + sinF d (Y 

Then by (9) : 

Substituting (12) in (11) we have: 

[dx, d y I T  = b F Z ,  @, da, dXC, dYc,.dZc]’ + k X ,  dY, dZ 3’ 
where b and are given i n  Section 2.5.2(a). 

b) B and’d 
S s 

The distance equation is written as: 

2 2 c - s = [ (XC - X} + (Y“ -Y) + (Z 
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Equation ('14) is then written in the form: 

.. 
where B and 5 are given in  Section 2.5.2.(b}. 

s S 

2.6 Sta t i s t  i ca i Recovery 

The statistical recovery i s  performed by u series of three subroutines. They 

are the programs SSOLVE, REV, and PTCOV. 

2.6.1 - Solution and Inversion of the Normal Equations by Recursive Partitioning 

The reduced normal equations, formed by the NEF program, are solved by the 

SSOLVE program arid then inverted by the REV program. An algorithm called Recursive 

Partitioning i s  used for these operations. Recursive Partitioning i s  described i n  Brown 

(1968). The mathematical analysis of these subroutines i s  given in  Gyer, Saliba, and 

Lewis ji9S9j. This met'nod was seiected because i t  exploits the banded structure of the 

reduced normal equations at a substantial savings in  computer time. This savings i s  up to 

several orders of magnitude by comparison with the method of  Direct Gaussian Elimination. 

2.6.2 Computation of the Required Statistics 

Using the inverse of the reduced normal equations from REV as input, the PTCOV 

program computes the required statistics for the final output. The covariance matrix of the 

exposure station parameters is used to compute the a posteriori estimates of the standard 

errors of these parameters and to compute the coefficients of correlation between the position 

elements and also the coefficients of correlation between the orientation elements. 

Portions of the normal equations formed i n  NEF together with the inverse of  the 

reduced normal equations from REV are used to compute the covariance matrix of  the ground 

point coordinates, This covariance matrix i s  then used to compute the a posteriori estimates 

of the standard errors of the ground point coordinates and the coefficients of correlation 

between them. 
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2.6.2.1 Notation 

Symbol . 
Description 

Qik 
.. - 
N N.. if 1 1  . 0 .  

u., u. 
I I  

* 
r -  - , r- - r- - wi vi u.a. ( P i a i  

I I  

"N. 'E. 'U. 
I 1 I 

. 
r.. I r I .  r, ,, 

I\ .  c, N.U. t.u. 
I 1  I I  I 1  

.. .. .. 
'N 'E. 'U. 

i i  I 

.. .. .. 

2.6.2.2 Computations 
A 

(a) Form U. : 
I 

A 

- 5  The 6x6 submatrix of N 
the i th and k th photographs. 

Portions of normal equations formed 
by NEF (See Section 2.5.2.(c) 

Jacobian matrices of i th exposure 
station and i th ground 

A posteriori estimates of  standard errors 
of orientation elements of the i ih  exposure 
station 

correlating 

Coefficients of correlation between the orientation 
elements of the i th exposure station 

A posteriori estimates of standard errors of 
position elements (north, east, up) of the 
i t-h exposure station 

C0efficienf.s of correlation between the 
position,eienent.s (north , east, up) of the 
exposure station. 

A posteriori estimates of the position elements 
(north, eust, up) of the j th ground point. 

Coefficients of  correlation between position 
elements (north, east, up) of the i th ground 
point. 

i s  the third-order identity matrix. 
( 3 r 3 )  

where I 
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(b) . Compute the covariance matrix of the Iocai vertical orientation 

angles and posifion elements (N, E, and U) of the i i-h exposure station: 

n &-I- 
Q; = U, Q,, u. ’ 

I 1 I I  I 

(c) Compute the statistics for the first output table: 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 
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(d) Compute the covariance matrix of the USR coordinates of the i th 

ground point by: 

where the double summation i s  over a i l  the photographs covering the i th graund point. 

(e) Compute the covariance matrix of the local vertical coordinates 

of the j th ground point by: 

**T *' USR '*  Q. = U, Q, U.. 
I I I  . I  

.. 

(9 Compute the statistics for the second output table: 
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3.0 COMPUTER PROGRAM USER PROCEDURES 

Before attempting to run the GBLOCK module of programs, the user should 

acquaint himself with the article upon which the computational methods are based: 

“A Unified Lunar Control Network”, (D. Brown, 1968) 

3.1 Job Deck Setup 

3.1 . l  Page Estimates 

The page estimates, in hundreds of pages, for each permitted case cre given 

in Table 3.1 . The values given for IPC = 1 assume that the raw data print option i s  

off. 

No. of 
Photos 

42 

1 62 

642 

TABLE 3.1 

I PC 
Level of I (See Section 3.2 for full explanation) 
Pass po in t 

Dens i f  i ca t ion 

0 
1 
2 

0 
1 
2 

0 
1 
2 
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3.1.2 Estimation of Execution l i m e  

Estimated execution times for the various segments are given in Table 3.2. 

Sim. Only 

9 sec 
36 sec 
81 sec 

0.5 min 
2.0 min 
5.8 min 

-. 9 g m i n  
12 min 
26 min 

TABLE 3.2 

Estimated Execution Times 

Sim & Form 

0.9 min 
1.4 m i n  
8.1 rnin 

3.5 rnin 
10 min 
81 min 

18 min 

360 min 
81 0 rnin 

No. of 
Photos 

42 

1 62 

i 642 

Level of 
Passpo int 

Dens i f  i cat ion 

0 
1 
2 

I PC 
(See Section 3.2 for fuf! explanafion) 

0 I 1 
Forward Reverse Statistics E- 

Notes : 

1. These estimates are based on the resuJts of 42 photo runs at the 0 and 1 
level of passpoint densification, 162 photo rows at the 0 and 1 level 
of passpoint densification and a 642 photo run at the 0 level of 
densification. 

Estimates are for the UNIVAC 1108. Runs made on the UNIVAC 1106 
wi l l  be approximately twice the estimates given. 

Values given for IPC= 3 and IPC= 4 for the 42 photo and 162 photo 
cases assume that the complete inverse is computed. For hulf the 
inverse only, times for these segments should be halved. 

2. 

3. 

4. The half-the-inverse option (see card type B) must be selected for 
, a l l  642 photo cases. 
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3.1 . 3  File Assignments 

FORTRAN units 1,2,3, and 4 must be assigned to tape drives, whenever 

1 

they are used (see Table 3.3). Assignment of these files to 432 drum wil I result in 

fatal execution errors. Assignment to FASTRAND, although permissible, will result 

in  prodigious execution times, and will preclude the possibility of restarting execgtion 

at the next segment (see Section 3.2) e 

1 

FORTRAN unit 10, which w i l l  contain the two plot files at the end of segments 

where IPC = 0 and/or IPC = 1 , may be saved or discarded a t  the discretion of the user. 

If these files are not to be saved, they may be assigned to FASTRAND. 

IPC = 0 SCRATCH 

IPC = I OUT/SAVE 

IPC = 2  OUT/SAVE I N/OPT 

IPC = 3 UNUSED 

IPC = 4  UNUSED 

TABLE 3 . 3  

File  Usage 

OUT’ 

OUT 

UNUSED 

UNUSED 

UNUSED 

Legend: 

SCRATCH = Scratch f i le  
OUT = Output fi le (ring in) 
IN = input file (ring out) 
SAVE = Must be saved at end of segment  to 

OPT = Save is optional, and recommended. 
UNUSED = Not used by segment. 

permit restart a t  next segment. 
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3.2 input Description 

Execution proceeds by segments. At the end of each segment, the files 

necessary to restart at the next segment must be saved (see Table 3.3). The execution 

of a segmerit is specified by means of  an input card containing the program control 

word, IPC (card type A). The permitted values and their effect are given i n  Table 3 J  * 

IPC 

0 

I 

2 

3 

4 

-I 

TABLE 3.4 

Program Controi 

Execution Specified . 

Simulation only (cannot restart) 

Simulation and formation of normals 

Forward course of inverse computation 

Reverse course of inverse computation 

Computation of statistics 

Termi note *execution 

Additional card input i s  required by some of the segments. 

3.2. I Input for Simulation 

For IPC = 0 and IPC = 1, card input must be supplied (Deck 1). Refer io the 

card description sheets for details. 

Specification of ground control points is by unmodified six-digit iabels, To 

determine the labels of desired points, a simulation only run (IPC = 0) should be run 

with no control specified (KTYP1 = KTYP2 = KTYP3 =I 0). The desired labels can be 

faken from the resultant output. 
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3.2.2 

3.2 .3  

Input For t h e  Forward Course of t h e  Inverse 

For IPC = 2, n o  input  deck i s  r equ i r ed .  

l nuu t  b r  the Reverse Course of  t h e  Inverse 

For IPC = 3, a s ing le  input  c a r d  is r equ i r ed  (Card Type 8). Refer to the input 

c a r d  s h e e t  for C a r d  Type B. 

3.2.4 Input  For Computat ion of Stat is t ics  

For IPC = 4, a s i n g l e  input  c a r d  is r e q u i r e d  (Card Type C). Refer to the input  

c a r d  s h e e t  for Card Type C. 

3.2.5 Input C a r d  Description Sheets  

Input  c a r d  descr ipt ion shee t s  for all input  ca rds  f c l iow.  
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Card Type A 

/I IO 20 30 40 50 60 70 80 

1 1 1 l I l l I I I I I I I I I , I I 1 1 1 l l 1 1 1 1 1 1 1 1 1 1 1 1 1 1 I , I I I I  I 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  

FORMAT (13) 

Word 
No. 

1 

Program 
\/aria bl e 

I PC 

Units Format 

13 

Column 

1-3 

Muth 
Symbol ' D e script ion 

P rogram con trp I word 
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Deck 1 
Cord Type 1 

30 40 50 60 70 80 

I I I I I I I I 1  1 I I t I I I I I 1  I I 1 1 ' 1  I 1  I I 1  J I I I I I f I I 1  I I I I I I I I 
ID(1) . . . . . . . , . ID (18) 

FORMAT ( 18A4) 

3rogrom 
'or i a b I e 

ID 

Format 

18/44 

C o lutn n 

1-72 

Math 
Symbol 

- 

Be s c r i pt ion 

Hol ler i th  indent i f ica t ion  
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Deck 1 
Card Type 2 

Word 
NO. 

1 

Program 
Juri a b  I e 

AXIS 

U n i t s  

m 

For mat 

D 6.0 

Column 

1 1-26 

Math 
Symbol 

a 

c 

De script i o n  

'Radius of sphere 
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Deck 1 

Card Type 

20 30 40 50 60 ro 80 

l l l l I l i l l l l l l l l l l l l l l 1 1 1 1 1 1 1 1 1 1 1 1 1 1 l l l l l l l l l l 1 l l l l l 1 l l 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  

ILAP IPRAW 

FORMAT (215) 

Word 
No. 

Program 
Var i a b I e 

1 LAP 

I PRAW 

For mat 

15 

15 

Cotumn 

1-5 

6-1 0 

Math 
Symbol 

- 

- 

-40- 

De script i o n 

Percentage of side lap. 

ILAP I- 50 means single sidelap 

ILAP > 50 means double sidelap . 

Raw dafc print flag. 

IPRAW = 0, print flag is off 

IPRAW > 0, print flag is on. 

( When IPC = 0, print is forced.) 



Deck 1 
Curd Type 4 

IO 20 30 40 50 60 70 80 

I I I I I I I I I I I I I I  I I I I I I I I I I  I I I I 1 :  I I I I I I 1 1 ' 1  I I  I I1 I I I I I I I I I I I I I I I I I I I I I I I I I I I i I I 
DENS 

FORMAT (15) 

Word 
N O .  

1 

Program 
Jar i a b I e 

LDENS 

Units 

- 

Format 

15 

Column 

1-5 

Math 
Symbol 

- 

Description 

Passpo in t dens i f  ication 
0,1,2 are permitted 
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Deck 1 
Card Type 5 

10 20 SO 40 5 0  60 70 $0 

1 I I I I I I I I I 1 I I i I I 1 I I I I I I I I I I I I I I I I I I I I ,,'I I I I I I i I I I I I I I I I I I I I i 1 I I I 1 I I I I I I I 1 I I f 
FORMAT (15) 

Word 
No. 

1 

Program 
/or i a b i e 

LBI 

Units 
- 
- 

Format 

15 

Column 

1-5 

Math 
Symbol De script i o n 

Level of bisection of the icosahedron: 

LBI = 1, 42-phot0~ 
LBI = 2, 162-phot0~ 
LBI = 3, 642-~hotos 

No other values Demitted. 
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Deck 1 
Card Tvpe 6 

IO 20 30 40 50 60 90 80 

FORMAT (15) 

Word 
NO. 

1 

Program 
d u r i a b l e  

I FMT 

Format 

15 

Column 

1-5 

Math 
Symbol De s cr i p i  ion 

Film format: 
IFMT = 0, 
IFMT = 1, 

c i r c u l a r  format  
s q u a r e  format  

If IFMT = 0, ILAP forced to double sidelar,  
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Deck 1 
Card Type 7 

FORMAT 

Word 
NO. 

1 

(G 10.0) 

Program 
Jar i a b I e 

C 

- 
Units 

mm 

Formaf 

G 0.0 

Column 

1-10 

Math 
Symbol 

C 

Description 

focal length of camera 
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Deck 1 
Card Type 8 

FORMAT' (G 10.0) 

Word 
No. 

1 

Progrum 
/or i c1 b I e 

D 

Units 

m m  

Format 

G 10.0 

Column - 
1-10 

Math 
Symbol 

d 

De script ion 

Fi lm format 
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Deck 1 

10 26 30 40 50 60 3Q a0 

FORMAT (G 10.0) 

Word 
N O .  

1 

Program 
rlur i a b 1 e 

HBAR 

Units 
- 

m 

1 I I I I I 1 I I I I I 1 i I I I 1 1 I I I I 1.1 I I I I I I I I I I I I I I I 1 I I I I I I I I I I I I I I I I I I i 

For mat 

G 10.0 

Column 

1-10 

Math 
Symbol 

- 
H 

De script ion 

camera alt i tude 
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Deck 1 
Card Type 10 

FORMAT (G 10.0) 

Word 
N O .  

1 

Progrom 
Jor i a b I e 

SIGPL 

Units  

mm 

Format 

G 10.0 

Column 

1-10 

Math 
Symbol 

O P  

Description 

Plate measurement  s igma 
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Deck 1 
Card Type 1 1 

I 20 30 48 50 60 90 80 

I I  I I i  I I I I I I  i l  1 1 . 1  1 1 1 l l 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 l ~ 1 1 1 1 1 1  
A0 A i  -A2 A3 A4 

FORMAT (5G 10.0) 

Word 
No. 

1 

2 

3 

4 

5 

Program 
Var i a b I e 

A0 

A1 

A2 

A3 

A4 

Format 

G 10.0 

G 10.0 

G 10.0 

G 18.0 

G 10.0 

Column 

1- 10 

1 1-20 

2 1-39 

3 1-40 

41-50 

Math 
Symbol 

a 

1 a 
0 

a2 

“3 

a4 

De s cr i pi ion 

Coefficients of the empirical 
weighting function of plate 
coordinates , 

(see section 2.4) 
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Deck 1 
Card Type 12 

FORMAT (3G 10.0) 

Word 
N O .  

Program 
J a r  i a b I e 

SIGCX 

S IGCY 

S IGCZ 

Jnits - 
m 

m 

m 

Description 

X c a m e r a  ?osition s igma 

Y c a m e r a  position sigmas 

Z c a m e r a  position sigmas 

-49- 



Deck 1 
Card Type 13 

90 40 50 60 70 80 

I I I I I I I I I I I I I I 1 1 . 1  I I I I I I I I I I I I I I I I I I I I I I 1 I I I I 1 I I 1 1  

Word 
NO. 

Program 
qari Q b I e 

SXDEG 

SXMIN 

SXSEC 

Units 

D EG 

MIN 

S EC 

Format 

G1O.O 

G 10.0 

G1O.O 

Column 

1-10 

1 1-20 

2 1-30 

Math 
Symbol Description 

Sigma of camera orientation about 
the N -axis 
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D e c k  1 
Curd T v w  14 

IO 20 40 50 60 70 80 i 1 I I I I I I I I I I I I I I I I I I  I I ,  I I 1 1 . 1  I I I I I  I I I I I I I I I I I I I I I I I I I I I I I I I I I 

Word 
No. 

Program 
dar i a b I e 

SYDEG 

SYMIN 

SYSEC 

Units 

DE@ 

MIN 

S EC 

Format 

G 10.0 

G1O.O 

G 10.0 

Column 

1-10 

11-20 

2 1-30 

Math 
Symbol 

0- 
cp 

De script ion 

Sigma of Camera or i en ta t ion  about 
E -axis 
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Deck 1 
Card Type 15 

IO 20 30 40 50 60 'PO 80 

I I I I I I I I I 1  I I 1 1 ' 1  I I I I I I I 1  1 I I !  I I I I I I I I J I I I I I I I I 1  I I I 1  I 

Word 
No. 

1 

Program 
lar i a b I e 

SZDEG 

SZMlN 

SZSEC 

Units 

DEG 

MIN 

s EC 

Format 

G 10.0 

G 10.0 

G 10.0 

Column 

1-10 

1 1-20 

2 1-30 

Math 
Symbol De script ion 

Sigma of camera orientation about 
the U -axis 
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Deck 1 
Card Type 16 

10 20 30 40 50 60 90 80 

I l l  I I I I I I I I I I I I I I I  I I  I l l i  I l l 1  I I  I I I I ' I  I I  I l l l  I l l 1  I l l  I l l  I 1  I I  l l l l l l l  I l l  I I I II 

FORMAT (G 10.0) 

Word 
NO. 

1 

Program 
4ur i a b I e 

SIGCPX 

Units 

m 

For mat 

G 10.0 

Cotumn 

1-10 

Math 
Symbol Des c r i p0 ion 

Ground control point sigma (horizontal) 
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Deck 1 
Card Type 17 

Word 
N o .  

1 

Program 
/ar iable 

S IGCPH 

Units 
I 

m 

For mat 

G 10.0 

Column 

1-10 

Math 
Symbol Description 

Ground control Doint sigma (vertical) 
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Deck 1 
Card Type 18" 

- 
IO 20 30 40 50 60 90 80 

I I I I 1 I I I I I I I I I 1  I I I I I I I I I I I I I I I  I I I I  I I I I i I 1 1 . 1  I1 1 I I I I I  1 I I 1 I I I I I I I I I I I I I I I I I I I I 
NTYPl 

FORMAT (15) 

Word No. I Variable Program Format 

15 

Column 

1-5 

Math 
Symbol De script ion 

Number of horizontal and vertical 
control points 

' Card type 18 i s  followed by a variable number of cards sufficient to input the number of horizontal 
and vertical control points specified by NTYPl 
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Deck 1 
Card Type 388 

FORMAT (lO(A6,2X)) 

Word 
No. 

1 

2 

Program 
L/ur i a b I e 

KPTS(1) 

K PTS(2) 

- 
Units Format 

A6 

A6 

Column 

1-6 

9- 14 

Math 
Symbol 

\ 

Description 

Horizontal and vertical control 
point I abels 

If NTYPT = 0, this card i s  omitted 
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Deck 1 
Card Type 19* 

FORMAT (15) 

Word 
No. 

1 

Format 

15 

Card type 19 i s  fallowed by a variable number  of cards sufficient fo input the number of horizontal 
i only control points specified by NTYP2 
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I 10 20 30 40 50 60 70 80 

1 1 1 1 1 1 1 l l , 1 1 1 1 1 1 1 1 1 1 , 1 1 1 1 1 1 1 1 1 1 1 i 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 l l 1 1 1 1 1 i 1 l  

S(NTYP1 + 2) 

FORMAT (10(A6,2x)) 

Word 
N O .  

Program 
Jar iable 

KPTS 
(NTYP 

1 + T) 

KPTS 
(NTYP 

1 +2)  

Jnits 

- 

Format 

A6 

A6 

Column 

1-6 

9- 14 

Math 
Symbol De script ion 

Horizontal only control point labels 

If NTYP2 = 0, this card is omitted 
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Deck 1 
Card Type 20* 

1 IO 28 SO 40 50 60 70 80 

I I i I I I I I I I I I I I I I I I I I I I I I I I I I 1 I i I I I I I I 1 1 ' 1  I I I I I I I I I i I I I t I I I I 1 I I I I I I I I I I I I I t I I i NTY P3 

FORMAT (15) 

Word 
NO. 

1 

Program 
dariable 

NTYP3 

Units Format 

15 

Column 

1 -5 

Math 
Symbol De s CF i pt ion 

Number of vertical on1 y control Doints 

pe 20 i s  followed by a variable number of cards sufficient to input the number of vertical only 
contro Card 'y points specified 5y NTYP3 
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Deck 1 
Card Type 20a 

I 10 26 30 40 50 60 70 80 

I I I I I l I l l r l l l l l l I l l I , l l l ~ l r l i ~ ~ r l i l l r i ~ l l r l l l l l l l l l l l l l I I I  

KPTS(NTYP1 + NTYP2 i- 1) KPTS(NTYP1 -F NTYP2 + 2) 

Word 
No. 

Program 
/ar i a b I e 

KPTS 
(NTYP1 
+NTYP2 
+ 1) 

K PTS 
(NTYP 1 
+NTYP2 
+ 2) 

For mat 

A6 

A6 

Cotomn 

1-6 

9- 14 

Math 
Symbol 

- 

- 

-60- 

Des cr ipt ion 

Vertical-on1 y control point I a bels 

I f  NTYP3 = 8, this card is omitted 



Deck 1 
Card Type 21 

I IO 20 30 40 50 60 70 80 

I l l  I I I I I I I I I I  I I I I I I  I I I I I I  I 1 1 1 ' 1  I 1  I l l  I 1 1 1 1 1 1 1  I l l  I 1  I I  I l l  I I I I  i l l  I I  I l l  i LASER S IG LAS 

FORMAT (15, G1O.O) 

Word 
N O .  

Progrom 
Iur i a b I e 

LASER 

S IG LAS 

Units 
- 

- 

m 

For mat 

15 

G10.0 

Column 

1 -5 

6-  95 

Math 
Symbol Description 

I f  LASER 0, no laser measurements 
simulated 

If LASER > 0, measurement simulated 

from every(n * LASER)th photo to i t s  
nadir point, where n = 1,2,,3 , , , , 

Sigma of  simulated laser measurements. 

If SIGLAS 50, LASER forced to zero 
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/ 

Card Type B 

FORMAT (15) 

Program 
/or i a b I e 

I HALF 

Format 

15 

Column 

1-5 

Mafh 
Symbol Description 

1/2 Inverse option: 

If IHALF = 0, complete inverse 
computed 

I f  IHALF#O. the inverse i s  computed 
for only half the matrix 

(South Pole to and including the 
equator) 
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Curd Type C 

Word 
NO. 

Program 
dar i a b I e 

MTH 

NTH 

I__ 

Units Format 

15 

15 

Column 

1-5 

6- 10 

Math 
Symbol Description 

* First ground point for which statistics 
a r e  destred. 

MTH = 0 is equivalent to MTH = 1 

* Statistics are  desired for every NTH 
ground point starting with the MTH. 

NTH = 0 is forced to NTH = 1. 

' Statistics are  never computed for points for which any relevant portions of the inverse are unavailable, 
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3 . 3  Output Description 

The  program produces a t  least one page of hard copy per major subroutine. 

In some cases the page will contain only the name of the subroutine, plus the usual 

.header information e 

The simulator produces two pages of hard copy which tabulates the input data. 

The two files of plot information are also generated on.FORTRAN unit 10. The 

simulator optionally produces one ‘page of hard copy for each.simulated photograph. 

FORTRAN units 1 , 2, 3, and 4 must be regarded as intermediate output, a s  

they are required input for continuation of a run a t  the successive segment. 

The f ina l  segment of the program produces two hard copy tables of statistics. 

T h e  first of these tabulates statistics related to exposure station parameters. For each 

exposure station, the twelve statistics are given. These are  the a posteriori estimates of 

standard errors of six exposure station parameters, and six coefficients of correlation. 

The entries are clearly labeled. 

The second table tabulates statistics related to ground point parameters. Six 

statistics are given for each ground point. These are the a posteriori estimates of the 

standard errors of the ground point coordinates, and the coefficients of correlation 

between t h e m .  The entries are clearly labeled. 

It will be remembered that exposure station statistics are not computed for those 

exposure stations for which the relevant portion of the inverse normal equations are  

missing. Similarly, statistics related to  ground points are computed only for those 

specified points (see input Card Type C) for which all relevant portions of the inverse 

normal equations are available. 
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3.4 Sample Cases 

The principals for determining reasonable cases are set forth in  the primary 

reference (Brown, 1968). A complete input deck is given. The sample oufput 

resulted from running the program with the given input deck. As noted, only one 

of the ruw ddria printout pages i s  included. 

3.4.1 

3.4.2 

An Input Deck 

Refer to Section 3.2 and to the outpuf for interpretation of Table 3.5. 

Hard COPY Output 

Seven pages are given. 
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TABLE 3.5 

An Input Deck 

. . . - -  . - 1 - . . .  

1 

60 I 
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4.0. GBLOCK PROGRAM DESCRIPTIONS 

As stated in  the first section, GBLOCK consists o f  three submodules. 

Execution of these submodules i s  control led by a main control program. The sub- 

modules uti l ize an assortment of ut i l i ty  subroutines. The relationship of the various 

program elements i s  illustrated by Figure 4.1. 

4.1 Main Control Program 

The main control program directs execution, based on the input program 

controlvariable, IPC (see Section 3). Figure 4.2 i s  a flow diagram which shows a l l  

possible activities of this program. 

4.2 Simu luted Photography Programs 

The simulated photography i s  simulated under control of the program GLOSIM. 

The remaining programs i n  this submodule are used by GLOSIM. 

I h l  r \ P I 1 1  Subroutine ULVJ i I v \  

GLOSIM reads the simulation input data deck and generates photography 

resulting in  global coverage. AI1 computations are described in  detail in  Section 2.4. 

GLOSIM creates the unsorted working data f i le. 

_I 

4.2.i 

4.2.1 . I  Subroutine CAMPOS 

CAMPOS generates a f i le  of camera positions. 

4.2.1.2 Subroutine PTPOS 

PTPOS generates a file of ground point positions with labels. 

4.2.1.2.1 Subroutine CPCHK 

CPCHK detects control points und modifies their labels. 
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GLOBAL BLOCK 
ADJUSTMENT MODULE 

(G BLOC K) 

MAIN CO'NTROL ( , PROGRAM 

- CPCHK 

PRJUP 

Equations 

L--.-.---./ 

I 

Statistical 

Submodul e 

FIGURE 4.1 

Tree Content Diagram Global Block Adjustment Module (GBLOCK) 
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FIGURE 4.2 

Control Program Flow Diagram 
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4.2.1.3 subroutine PROJD5 

4.2.1.3.1 Entry PROJD5 

PROJD5 projects frame corners and principal point to the sphere. 

4.2.1.3.2 Entry PRJDWR 

PRJDWR outputs a record of photo coverage to a tape file. 

4.2.1.4 Subroutine PRJUP 

PRJUF projects ground points to the image plane. 

4.3 Normal Equations Formation Programs 

The normal equations are formed from the unsorted working data by four 

subroutines. The sequence of execution i s  shown by Figure 4.3 .  

4.3.1 Subroutine CM PACT 

CMPACT creates a random Jy accessible f i le  of compacted measurement data 

from the unsorted working data. 

4.3.2 Subroutine SORID 

SORID forms arrays of sorted identification data for use in collecting data 

for the formation of the normal equations. 

4.3.3 Subroutines KWDGEN and NEF 

KWDGEN and NEF work together to form the normal equations, and output 

them to a file. 
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easuremen 

FIGURE 4.3 

Normal  Equat ions Formation Submodule  
I 
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4.3.3.1 Subroutine KWDGE N 

KWDGEN assembles an internal record of measurement data for each image 

measurement. KWDGEN then calls NEF to compute the contribution to the normal 

equations. The file of normal equations is output from KWDGEN. 

4.3.3.2 Subroutine NEF 

NEF computes contributions to the normal equations using measurement data 

assembled by KWDGEN. 

4.4 Statist ica 1 Recovery Proarams 

The statistical recovery programs invert the normal equations and compute 

statistics from the inverse. Each of the three programs utilizes the random access 

capability. 

4'4.1 

4.4.2 

SSOLVE computes the forward course of the inversion of the normal equations. 

Subroutine REV 

REV computes h e  reverse course of the inversion of the normal equations. 

On option, only half of the reverse course is computed. 

4.4.3 Subroutine PTCOV 

PTCOV computes a posteriori estimates of errors i n  exposure station and 

ground point parameters. Some coefficients of correlation are also computed. 
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4.5 Utility Subroutines 

4.5.1 Function ATAN3 

ATAN3 computes the quandrant justified a rc  tangent. 

4.5.2 Subroutine AUGVRT 

AUGVRT computes the inverse of a matrix. If the matrix i s  augmented by 

a discrepancy matrix, the solution matrix i s  obtained simultaneously. 

4.5.3 Subroutine BKSP 

BKSP is a n  l/O interface routine which simply calls the system routine 

BAKREC. 

4.5.4 Subroutine Package BRAN 

BRAN is a package of subroutines for the purpose of performing I/O 

operations on the random access device, where the number of words transmitted each 

time is a constant. 

4.5.4.1 Entry BRANOP 

BRANOP is the initialization entry to the group of routines, and must be 
_I 

called prior t o  any other random access I/O operation. 

4.5.4.2 Entry BRANRD 

BRANRD causes a "record" to be transmitted from the random access device 

to core. 

4.5.4.3 Entry BRANWR 

BRANWR causes a "record" to  be transmitted from core to the random 

access device. 
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4.5.4.4 Entry MBRAN 

MBRAN is a special purpose entry point which modifies the addressing 

procedure. MBRAN is invoked for those cases in which the entire file of records to 

be randomly accessed exceeds the capacity of the random access device. 

4.5.5 Subroutine CLEAR 

CLEAR sets the elements'of a real array to zero. 

4.5.6 Subroutine I N S E R T  

INSERT i s  a subroutine designed to get the elements of one matrix properly 

placed in  an equal or larger matrix. 

4.5.7 Function IRGHT 

IRGHT determines the integer value of the right half of a word. 

4.5.8 Subroufine KLEAR 

KLEAR sets the elements of an integer array to zero. 

4.5.9 Function LBLCHK 

LBLCHK, used only by the simulator, examines the first character of a 

point label to determine the level of control associated with the point. 

4.5.10 Function LBLMOD 

LBLMOD, used only by the simulator, modifies the first character of a 

point label to reflect the level of control associated with the point. 

4.5.1 1 Function LEFT 

LEFT determines the integer value of the left half of a word. 
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4.5.12 Subrout ine LPERP 

LPERP is a p r in t ed  output  rou t ine  which ma in ta ins  a l ine coun t  a n d  c a l l s  

NUPAGE wheneve r  r equ i r ed .  

4.5.13 Subrout ine MADAT 

MADAT computes  the  ma t r ix  product  ADAT, w h e r e  D is a d iagona l  ma t r ix .  

MADAT requires  a minimum a r r a y  of temporary s to rage .  

4.5.14 Logical  Funct ion MATCH6 

MATCH6 i s  .TRUE. is the first s ix  cha rac t e r s  o f  the two  arguments  compare .  

O the rwise ,  MATCH6 is .FALSE. . 
4.5.15 Subrout ine MATMPY 

MATMPY is a multi-purpose ma t r ix  mul t ip l i ca t ion  p a c k a g e .  

4.5.16 f-unction MERGE 

MERGE merges t w o  posi t ive inlegers .  The  r igh t  half  ot the first argument  

is s e t  i n t o  the lef t  half  of MERGE, a n d  t h e  r igh t  half of t h e  s e c o n d  a rgumen t  is s e t  i n t o  

the r ight  half  of MERGE. 

4.5.17 Subrout ine MOVE 

MOVE moves a cont inguous b lock  of data from o n e  working a r r a y  to a n o t h e r .  

4.5.18 Subrout ine MIPAGE 

NUPAGE is u printed-output rou t ine  w h i c h  prompts a new page, prints a 

h e a d e r  inc lud ing  the cu r ren t  clock t ime  a n d  c a l e n d a r  date, a n d  upda te s  t h e  fine a n d  

page coun te r s .  
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4.5.19 Subroutine RDBIN 

RDBIN i s  an I/O interface subroutine with two entries. 

4.5.19.1 Entry BUFSIZ 

BUFSIZ i s  an initialization entry to RDBIN, and must be called prior to 

any calls to RDBIN. 

4.5.1 9.2 Entry RDBIN 

RDBIN calls the system routine MREAD. 

4.5.20 Function RE 

RE i s  a random number from the set whose mean is zero and standard 

deviation is the specified sigma (real argument). The random value obtained is repeatable 

for any given pair of integer arguments. 

4.5.2’1 Funcf ion-Subrout i ne SQRO OT 

SQROOT is the square root of the absolute value of the first argument. 

The first character of the second argument is set to hollerith blank or hollerith m i n u s  

depending as the first argument is non-negative or negative. 

4.5.22 Subroutine WRBIN 

WRBIN is an I/O interface routine which calls the system routine MWRITE. 
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