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ABSTRACT

The subject of this investigation is to determine the transformation
parameters (three rotations, three translations and a scale factor) between
two Cartesian coordinate systems from sets of coordinates given in both
systems. The objective is the determination of well separated transformation
parameters with reduced correlations between each other, a problem especially
relevant when the sets of coordinates are not well distributed. The above
objective is achieved by preliminarily determining the three rotational para-
meters and the scale factor from the respective direction cosines and chord
distances (these being independent of the translation parameters) between the
common points, and then computing all the seven parameters from a solution
in which the rotations and the scale factor are entered as weighted constraints
according to their variances and covariances obtained in the preliminary solu-
tions,

Numerical tests involving two geodetic reference systems were performed
to evaluate the effectiveness of this approach as follows:

(a) A non-constrained solution for general transformation for the seven

parameters (including the three translations and scale factor).

(b) A constrained solution for general transformation for the seven

| parameters utilizing the three rotations with their statistics as
constraints.

(c) A constrained solution for general trlans’formation for the seven
parameters using the three rotations and scale factor with their
statistics as constraints.

The above schemes were then separately repeated for each of the following

three cases:



i) Using the full vaﬁance—covariance matrix between coordinates
of the geodetic reference systems.

(ii) Using only a (3 X 3) banded diagonal variance-covariance matrix,
thus assuming no correlation between coordinates of any two
points within the system.

(iii) Using only variances for the coordinates, thefeby further omitting
the correlation between the three coordinates of any one point in
the system.

In the case of seven parameter general transformation, the best estimates
were obtained using full variance-covariance matrix and constraining three
rotations and the scale factor, case (c) and (iii) above. The improvement in |
correlation between translations and rotations was rﬁore significant compared

to between translation and scale factor.
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1, INTRODUCTION

During the last twenty-five years with the availability of computer technology
and its phenomenal growth in basic hardware and core storage capacity and the
exceptional increase in a computer's ability of solving problems in lesser and
lesser time, a trend has set in to analyze the problems in geodesy and photogram-
metry more and more in three dimensional space rather than to follow traditional
concepts.

Further, the advent of artificial satellites and their subsequent use in geodesy
made it possible tb obtain Cartesian coordinates of points on earth surface.

Several projects involving satellite-networks of continental or global extent
were begun and at present they are in varying stages of completion. Many new
solutions have recently come out, each delineating its own reference system. These
gystems in reality should differ from each other only in having different origins,
sets of axes or scale,

Thus, the relationship between any two such reference systems (e.g., UVW
and XYZ) would generally consist of seven parameters—three translations (AX, AY, AZ)
between the two origins, three rotations (wy, €) of the Euler's angle type between the

two sets of axes and the scale factor (As), if any (Figure 1).




' The mathematical model to be used in the computations of the above seven
parameters from a least squares solution may be written in the following formn

[ Badekas, 1969; Bursa, 1965; Wolf, 1963]:

£, X AX 1 w -Y U U
fa] = |Y] - |AY} - |-w 1 €}|V] -As]V] =0, (1)
fs Z Az}, b -e 1) |W) W];

where "i" denotes any point common to both the systems. The three angles ,
p,and € of the Euler type correspond to small rotations about the Z, Y and X axes
respectively— the positive direction of rotations taken in counter clockwise mode,
when viewed from the end of the repsective axes towards the origin. It may be
worth while to mention here that the station coordinates in both the systems
(U, 'V, , Wy and X,, Y,, Z,) are treated as observations in the above model.

The above equation written in matrix notation can then be modified into the

observation equation below [Uotila, 1967]:
BV + AX + W = 0, (2)

e s
wher 3f, of of, of df

dX dY 98Z 23U oV

B -|2M M M M 3
T 13X dY 3Z dU v

ofy ofy ofy ofy ofy 3fy
[3X d3Y 3Z aU 3V 3w

2 2P

1 0 0 -1 0 0
=10 1 0 o0 -1 O
o 0o 1 o0 0 -1

of, Of, of _of Of of of |
3BX JBY oBZ oBS ow N o€

A = |22 3z ofz ofz 3f of 3fp
T 138X dAY JdAZ 3AS dw ¥ de |

O ofs ofy of 3f df 3fy
[3AX DAY 3AZ DS dw W o€ |

-2=




[x - U]
w = |ly-v
7 - W
L. _.1 ’

while V and X represent the residuals to the observations and corrections
to the parameter estimates, respectively. Hence, collecting all the

matrices as above, pointwise in the systems, the observation equation

becomes:
1 0 0-1 0 o[v] -1 0 0-u-v w o][ax] [x-u
010 0-10flvy|*+]o-10-v u o-w|ay|{yY-v]| =0
0010 0-1||V, 0 0-1-w o0 -u vllaz | |z-w]
Vu As (3)
vy w
V. "

Defining the geodetic reference systems on the assumption that the
Laplace-condition has been enforced throughout the network (which implies
that the axes of the reference ellipsoid are parallel to the conventional
earth-fixed axes), many experiments have been made in recent times
to determine the seven transformation parameters in relating the different
geodetic systems to each other using an observation equation of type (3)

[ Lambeck, 1971; Marsh et,al., 1971],



However, in the above general transformation, if the geodetic refererice
systems are properly oriented through the Laplace-condition, the. three rotations
arising due to the improper relative orientation of the systems are generally never
more than a few seconds of arc, while translations may amount up to 200 to 300
meters. Also, due to the presence of high correlations between the rotations,
the scale factor and the translations, satisfactory independént estimates for these
parameters are difficult to obtain from a combined general solution using equafion (3).
This investigation separates the determinations of the rotations and the scale factor
(from that of the translations) for subsequent use as constraints in a combined general

solution,

2. THE INDEPENDENT DETERMINATIONS OF
ROTATIONAL AND SCALAR PARAMETERS

2.1 Determination of Rotations

2.1.1 Mathematical Model

The mathematical model used in this study is as follows [Bursa, 1966]:

Ti) - T + w+yPsin TE tanb§) - ecos TS tand§’ = 0
4
68 - 642 +Phcos TS + € sin T = 0

where Ty and 6y are defined as the .geodetic hour angle and declination of the
(i-k)* direction of the observed point at k*" station and the observer at i*" station,
The indexes (1) and (2) denote the two systems with the transformation proceeding
from system #1 to system #2.

" If Ay, By, Cy are taken to denote the direction cosines of the (i -k)*" line of

length R,,, then for the first (UVW) system one gets:



A - llk - Ui = AU&k T
. Ry Ry ,
Ve, -V, AV,
B = = |— 5
e Ry Ry ®)
Co = W =W, _ AWy
ik -
Rik Rﬂ( ’
-
_ By
and Ty = =—arc tan
Alk ’
o - (6)
) =  arc tan %
b (A% + BR)® .

In the above relations (4) through (6) the elements of translation do not enter
the picture. A similar set of relations as per (5) and (6) can be established for the

second (XYZ) system.

2.1,2 CObservation Equations

The mathematical model (4) then, for each (i -k)** line, yields the following

generalized form of observation equations [Uotila, 1967]:

-1 0 1 0ffv: 1 sinTPtanbd  —cos T tans L [w]
+

0-1 0 1jfvely |O cosTy’ sin T w |

LG

(&> - )
+ = 0 7
(68 - 88 ®
itk
Using the conventional weight matrix P for the coordinates of points included in
the transformation (see section 2. 1, 3), and the principle of least squares by making
V PV as minimum, the equation (7) is then solved for correction vector (w,¥, €) and

for the variance-covariance matrix (Zwie€) of the three parameters.
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2.1.3 Weights

Using the variance-covariance matrices ¥X and LU in respect of i*" and k*"
points for the XYZ and UVW systems, the variance-covariance matrices X ;g for'
the two systems of coordinates can be computed through propagation of errors
[Uotila, 1967]. |

Two distinct cases would arise here. Firstly, when in addition to correlation
between X, Y, Z-coordinates o_f any point, the correlation between the coordinates

of one point to others is also considered. In such a case, the necessary relation will

be
TU, TUy . |
[z,%il = G G (8)
2,2 EUik m
where or{’ A7’ BT 1) Ty’ BT
- oU;, oV, oW, U, Vi W,
G = '
6% a8l a8l s a8 a6l
AU, 3V, W,  aU, A dW, ,
and 3T 3T Av
=k - _ =4k _ __T_LH_
U, 3V, ~ AUy + AV ,
3Ty _ Ty _ AU,
- - - = < <
3V, 3V, Aus + AVE ,
3Ty _ _3Tw _ ,
oW, OW, ,
853 = _ 5511( AUﬂ( Awlk

3V, 2, R3CVBUR + AV

36 3 AV Awu«

by _ _ - =
avi avk Rfk( 1)»\/ AUu‘ +- AVik . -




by _ 30y =-¢{AU£ + AVE _
oWy " Ryt ,

W,
RAM = Aug + AVE + AWE

Secondly, ignoring the correlations between the coordinates of different

points within a system, equation (8) can be modified as under:

Tu, O
28] . = G ®
3,2 0 Z.Uk
In the equations (8) and (9), LU, and U, correspond to i*" and k' point of the

first system and can be either full (3 X 3) matrices with covariances between the
three coordinates of a point, or may contain variances for U, V and W in a diagonal
form only. However, in the case of covariances (LUy) between the points being
included, the matrix in equation (8) would be a full (6 X 6).

(2)

Obtaining similarly Z;5’, the combined variance-covariance matrix, to

be used with equation (7), is given by:

T (10

It may be noted here that the matrix P is always in 2 x 2 banded diagonal

form.

2.2 Determination of Scale Factor

2.2,1 Mathematical Model

The scale factor between the systems #1 and #2 would be given as follows:

RS2 .
BDsy = =%y -1 11



wh
ere  p@) - (Ax?2+ ARZ + Oz2)F

R = (AU + AVE + Aw,f)'}"

2.2.2. Weights

Using the variance-covariances matrices ZX and ZU for the coordinates of
it® and k* points in the two systems included in the transformation (section 2.1, 3),
a variance cf; is established for the scale factor through error propagation. Two
cases similar to gquations (8) and (9) would arise according to the case when full
variance-covariance matrix between different points within the system is considered
or not.

The matrix G for the scale factor determination is

G = |288 30s 3Ds 3As obs 3As 3ls 3Bs oBs dAs 3Bs 3hs
dU, 3V, OW, dU, 3V, oW, X, dY, dZ, 3% Y, 3% ],

where 3As _ _aAs _ AU, * R{®
oU, ol TR’} s
3As _ 3Bs _ AV R
3V, AV, MRy ') ,

3As _ dAs _ AW, *RY)
dW, “aW, rnﬁ’]”g

d3As _ 3Bbs _ _ AX
3%, % RQY *RY)

1% ’
dAs _ 3bs _ __ AY
oY, oY, Ra’ * Ry
dAs _ _aAs _ AZ
Y/ 07y Rucl * Ry



. |
Hence, TU, ZUy
Uy TG, . (12)

12 I

where the full (12 x 12) matrix would become a (3 X 3) banded diagonal matrix in
casé LUy and X, are zero, 1.e., covariances are not considered. The
complete (12 X 12) matrix would assume a diagonal pattern when only variances
are used for station coordinates.:

- Using the value of Asy and O':,m from equations (11) and (12), the value
for weighted mean and its variance for the transformation under investigation

is established as given below [ Hirvonen, 1971]:

As, =Ml

(W] (13)
2 _ [wy * (Bsy - Asn)zl '
whe
o wy, = l/UAam and [wy ] denotes the sum of all such weights.
n = Total number of scale factor values used in the sample.

3. BRIEF DISCUSSION ON THE FORTRAN PROGRAM

Appendix I gives the complete computer program for obtaining the constrained
or non-constrained solution for seven parameters. With appropriate coding
non-constrained solutions for three parameters (AX, AY and AZ) and scale
factor As can also be obtained. _

The input coordinates can either be Cartesian or geodetic (ellipsoidal) with
35 as the maximum number of points in each system. However, the matrices

can easily be re~dimensioned to accomodate more points when required. The



program is self-explanatory with regard to definition of various option codes for
input, type of solution and inclusion of correlation data, etc.
The broad basic divisions of the program are as under:

(a) Main Program: This section takes as input the various options in

input/solutions, coordinates of points, rectangular or ellipsoidal, and
semimajor axis and flattening of the ellipsoid used, if required. It
then prints out the two sets of coordinates used for checking purposes.
The various options of input/solutions have been designated in the
program as KCODE e.g., KCODE (1) refers to number of common
points involved in the transformation. A complete list with necessary
explanatory remarks has been included in the beginning of the program.

(b)  Subroutine "EULERS'": This subroutine first reads the variance-covariance

matrices of the station coordinates, with or without correlation, and
then sets up matrices A, W and P to be used for the solutions of three
rotations through direction cosines (equation (7)).

The subroutine writes ﬁp the variance-covariance matrices for
the coordinates on the disk and stores the estimates for w,{ and ¢,
and their variance-covariance matrix [Zuspe] in the common block for
subsequent use,

(c) Subroutine "SCALE': This subroutine computes the weighted mean

value for scale factor As and its variance by direct chord comparison

independent of other transformation parameters (equations (13) and (14)).

(d) Subroutine "TFORM'": This subroutine solves for a general transformation
(equation (3)), utilizing the common block core memory for coordinates
of points and variance-covariance matricés from the disk.
The matrix M* to be utilized for generating normal equations is
computed by calling another subroutine "SETUP".
NOTE: In case the solution is required ONLY for three translation
or three translations and scale factor, KCODE (3) is coded as "0"

and then subroutine "EULERS" is skipped by the program.

-10-



(¢) Subroutine "CSTRNT': This subroutine uses the results of subroutines

SCALE and EULERS as constraints with their appropriate statistics
and computes for a congtrained solution of seven parameters. The
results are returned to subroutine TFORM for printout. KCODE (11)
refers to the option whether 3 or 4 parameters are to be constrained.

H Subroutine "RESIDU': This subroutine computes the residuals vector

V for observations i.e., the station coordinates used in the program.

The residuals are printed station wise for both systems #1 and #2.
In the computer program, the storage mode used for major computation is in

vector form for increased flexibility and saving of core storage.

Appendix II gives a typical set of Job Control Cards (JCL).

-11-



4. NUMERICAL EXAMPLE

The above transformation models were used to study the relationship between

the transformation parameters and obtaining their best estimates by minimizing

correlation for the following two reference systems:

(i) System
(ii) System

MPS-7, [ Mueller and Whiting, 19727,
NA-9, [Mueller et. al., 1972].

Using the same set of thirty common stations of the above two systems, the

following solutions were obtained during the investigation:

3 7~-Parameter General Transformation

'Q .

§ Typ .e of Constrained Solution @

Z Variance-- Unconstrained ,

= Covariance Soluti Constraints: Constraints: ‘

‘©  Matrix Used olution 3 Rotation | 3 Rotations and Scale Factor

& (a) (b) _(c)

(i) Only Variances v v v

(3 X 3) Banded

(i) Diagonal Variance- v v Ve
“Covariance Matrix

Full Variance- J e s

(11i) Covariance Matrix

@Note: The constraints for these solutions (rotations and/or scale factor)

with their statistics were computed independently of the translation parameters

(subroutine EULERS and SCALE of the Fortran IV program).

Two solutions in full have been appended in the report as specimens in Tables

1 and 2 as under:

Table 1:

Table 2:

Sample printout of the solution for three rotations (w,¥,€) and
scale factor (As), using full variance—covariance matrix.
Sample printout of the constrained seven parameter general

solution between NA-9 and MPS-7 with three rotations and

-12_



TABLE 1

Sample Printout of the solutions for three rotations as

parameters and the scale factor, using full variance-

covariance matrix,

_13_



SCLUTION FUR 3 ROTATICN PARAMETERS

TABLE 1

-

(FRUM DIRECTION COSINES —- UNITS SECUNDS GF AKC)

(USING FULL VARIANCE-COVARIANCE MATRIX)

GMEUGA

C.laC3T910+00

0,167538610-07
0.406222870-03

—0.9:76TT64D-03

 ﬁ0.1£0uQ000D+u1
0.25277933D+0¢C

~0.439315010+C0

SCALE FACTOR
(10.045)

5.10

PSSl
~0e35201450+01

VARIANCE = COVARIANCE MATRIX

e —— o a— o - ——— — — . g —————

0.406232870-03
0.123179910-02
~0.48803740D~03

COEFFICIENT OF CORRELATION

-

0.282779330+00
0.100000000+01

—0.26666321D+00

SULUTIUN FOR SCALE FACTOK

- ——— . = (i - G Vo W G S e G G s G e B

(FROM CHURD COMPARISON)

EPSILON

= e21T30630u+L0

~Le93T6TTGA1—03
~Ue48803T4C0-03

el T191¥300-02

~ie439315010+00
~(alb666321D+0GC

G. 100000000+ 0 1

VARIANCE
(10.D411)

-14-
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TABLE 2

Sample printout of the constrained seven parameters
general solution, using full variance-covariance matrix

(case (c)/(iii)).

-15-



45438

MO2=

0.1760+01
0.250D+00
0.4530+C0
-0.3100-07
0.1260-06
0.7780-07

-0.8520-07

0.100D+01
0.1250+C0
" 0.238D+60
—0.1110+00
0.635D+00
0.454D+00

~0.3370+00

TABLE 2

SCALE FACTOR ANU ROTATICN PARAMETERS CUNSTRAINEOU

SOLUTION FUR 3 TRANSLATION, 1 SCALE AND 3 RGTATION PARAMETERS

- (USING FULL VARIANCE-COVARIANCE MATRIX)

DX

0.84
0.250D+00
0.2280+01

~G.3220~01
0.243D-06
0.5510-07
0.2380-07

=-0.124D-006

0.1250+00
0.1000+01
~01490-0i
C7650+00

0.244D+060

0e1220+400

=0.4290+00

DY

171.

DZ

94 18T7.44

oL

S5.14

. ®

OMEGA

0.17

VARIANCE - COVARIANCE MATRIX

0;4530000
-045220-C1
0.2060+01
0. 1490-06

0.6150-07

0.2220-07

-~Ge1770-06

~0.3100-07
0.243D-06
~GCo149D~06
Co441D-13
~0.3250-17
—0.2980-16

~Gel270-16

0.126D-Gé6
0.5510-07
0.615D-07

-0.3250-17

Ue2250-13.

~C.1250-13

‘COEFFICIENTS OF CURRELATION

0.2380+00
-0.1490-01
0.1C0D+01
—0;5530000
€.2660+00
0.1200+00

=~D.648D+00

~0+1110+C0

0.7650+00
~G+4930+00

¢«1000+01
-n.1030-03
-0.110D-02
—¢317D-03

-16~

0.6350+00
0.244D+00
0.286D+00
-0.103D-03
d.1c00+01
0.2710+C0

=G e426D+00

: PSI
METERS ~METERS METERS (10.D4#5) SECONDS  SECONDS SECUNDS

~0.04

£EPSI

-0

0.7780~07
. 0.238D-07
00222007
~0.2980-16
0.525D-14
0.1670-13

~Cea654D~14

Ce454U+00
C.122D+G0
Ge12C5H+00
~0.11CD-02
Ga2710400
0. 10CD+0L

~)e26534G0

LON

22

-0.6520-07"
~0.1240-06
~0.177D~06
~0.1270-16
~0.125D-13 -
—0.654D-14

0.364D-13

~04337D400
1 <0.4295+60
~0.6480U+00
-0.3170-03
~0.4360+00
~0.26504C0

CalC0UL+C]



scale factor as constraints, using full variance-covariance matrix

(case (c)/(iii)).

A summary of the results for cases (a) through (¢) and (i) through (iii) are
presented in the following tables: _

TABLE 3 gives the results for three rotations, as obtained independently
of translations and scale factor from direction cosines, for cases (i) through
(iii). _

TABLE 4 gives the results for the scale factor, as obtained by direct chord
comparisons independent of other transformation parameters, for cases (i)
through (iii). |

TABLE 5 gives the results for the constrained and non-constrained seven
parameters general transformation solutions (cases ('a) through (c) and (i)
through (iii)).

TABLE 6 gives the comparative study of the results for seven parameters
general transformation solutions as regards correlation between translations
and rotations/scale factor, using different variance-covariance matrices (cases
(i) through (iii)). »

TABLE 7 gives the comparative study of the results for seven parameters
general transformation solufions as regards correlation between translations

and rotations/scale fabtor, using different constraints (cases (a) through (c)).

-17-



TABLE 3

Three Rotation Parameters from Direction Cosines

NA-9~MPS-7

Using Variances

Using (3X3) Banded

Using full Variance-

Only Diagonal Variance-|Covariance Matrix
Covariance Matrix
Case (i) (ii) (iii)
w (") 0.17 £ 0,05 0.17 £ 0,04 0.17 £0.04
v (") 0.04 % 0, 04 -0.02 £ 0,04 ~0.04 £ 0.04
€ () ~0.20 £ 0,06 -0.24 £ 0,05 -0.22 £ 0,05
a5 1.15 1.30 1.36
TABLE 4
Scale Factor From Chord Compariéon
NA-9~MPS-7
Using Variances |Using (3xX3) Banded |Using full Variance-
Only 'Diagonal Variance-|Covariance Matrix
Covariance Matrix
Case (i) (ii) (iii)
As(x10%). || 5.46+0.24 5.37 £0,24 . | 5.18 £0.24--

-18-
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TABLE 6

Comparative Study of Correlation Coefficients

Between Transformation Parameters

(Using Different Variance-Covariance Matrices)

Case (i): USING VARIANCES ONLY

Non-Constrained Constrained SolutiOn_s
Solution 3 Rotations 3 Rotations and
A Scale Factor
Case (a) (b) (c)
. —~ Translations L -
Rotations AX | AY | Az |AX |AY |AZ |AX | AY | Az
d Sca act . : —— ‘ %
w 0.88 | 0.40)0.43]0.6810.14}0.22|0.7110.32]0.35
) "0.63 ] 0.1910.13]10.49]0.07}0.08}0.51)0.141}0.13
~0,47 -0.67 }-0.88 |-0.38 |-0.23 |-0.45 }-0.40 |-0.51 -0, 73
As -0.10 { 0.74 }0.40 }0.29 | 0.95 |-0.83 [-0.10 [ 0.72 |-0. 44
Case (ii): USING (3 X 3) BANDED DIAGONAL
VARIANCE~-COVARIANCE MATRIX
1 )
B Non-Constrained . Constrained Solutions
Solution 3 Rotations 3 Rotations and
Scale Factor
Case (a) (b) (c)
Translations . ; .
and Scale Factor ' '
0.83 ] 0.27]0.33|0.58]0.09|0.14]0.62 | 0.24] 0,27
P 0.5410.110.13/0.38|0.04 [ 0.08 |0.40 [ 0.12] 0,13
-0.45 [-0.51 ] 0.80 0.32 +0.16 |-0.34 }-0.34 |-0.44 |-0. 66
As ~0.15 | 0.84 |-0.56 |-0.36 | 0.97 |-0.89 L0.11 | 0.76 |-0. 49
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TABLE 6 (Continued)

Case (iii): USING FULL VARIANCE-COVARIANCE MATRIX

Non-Constrained Constrained Solutions
Solution , 3 Rotations Rotations and
Scale Factor
Case (2) (b) ©)

Translations

RO vt | 4% | AY |8z |aX |AY Az AX | AY [AZ
and Scale Factor ‘ ' : : ﬁ; S .__Jr;m‘ :
| , 0.83|0.27 | 0.33/0.60)0.09{0.15 | 0.64] 0.24] 0,29

w

P 0.54|0.11} 0,13|0.43]0.04 | 0,07} 0.45] 0.12} 0,12
€ -0.45 |-0.51 [-0,80(-0,32(-0,16 0,34 }-0.34[-0.43]-0.65
As

-0.15}0.84 |-0.56(-0,36| 0.97}-0.89}-0.11| 0.76[-0.49
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TABLE 7

Comparative Study of Correlation Coefficients

" Between Transformation Parameters

(Using Different Constraints)

Case (a): NON-CONSTRAINED SOLUTION

Using Variances |Using (3x3) Banded| Using Full
Only Diagonal Variance{ Variance-
Covariance Matrix|Covariance Matrix
Case (i) (ii) . (iii)
- Translations )
Rotations AX | AY | Az |AX |AY [AzZ |AX | AY | Az
and ScalelFactor =?===%r
r w 0.88 0.40 0,43} 0.8310.27} 0,33 0.83]0.27} 0.33
b 0.63 0.19] 0.13| 0.54| 0,11 0,13 0.54| 0.11| 0.13
€ -0,47 {-0.67 |-0,88}-0,45|-0,51| 0,80{-0.45]|-0.51| 0.80
As -0,10| 0.74|-0,40|-0,15]| 0.84|-0.56|-0.15] 0.84|-0.56

Case (b): CONSTRAINED SOLUTIONS
(CONSTRAINTS: 3 ROTATIONS)

Using Variances | Using (3X3) Banded Using Full
Only Diagonal Variance~-| ~ Variance-
Covariance Matrix |Covariance Matrix
Case (i) (ii) (iii)
Translations :
Rotations AX | AY AZ AX | AY AZ AX [ AY | Az
and Scale FFactor
w 0.68| 0,14 ().22T 0.58] 0,09 0,141 0.60 | 0.09] 0.15
)] 0.491 0,071 0.08 | 0.38] 0,04 0.08 0.43 1 0.04] 0,07
€ -0, 38(-0.23 |-0.45 |-0,32 |-0,16 —0.34 -0.32 |-0. 16 }-0. 34
As -0.29| 0.95 |-0.83 |-0,36 | 0,97{-0.891~0.36| 0.97|-0.89
|
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TABLE 7 (Continued)

Case (c): CONSTRAINED SOLUTIONS

(CONSTRAINTS: 3 ROTATIONS AND SCALE FACTOR)

Using Variances |Using (3x3) Banded] Using Full
Only Diagonal Varianceq Variance-
: Covariance Matrix|Covariance Matrix
Case (i) (i) 4 - {iii)
Rotati Translations ' ,
‘(’i S;°;‘s AX | AY | Az [AX |AY {(AZ [AX | AY | AZ
jan ale Factor _ ' ,
0.714 0.32§ 0.35] 0.62] 0.24} 0.27{ 0,64 0,24 0.29
) 0.51} 0,141 0,13}| 0.40] 0,12] 0.13] 0.45} 0,12 0,12
-0,40(~0,511-0,73]-0,34(-0.44}-0.66]-0,34]-0.43-0. 65
As -0.10| 0,72]-0,44[-0.11}| 0,76}-0,49(-0.11{ 0.76|~0.49

-23-



5,  CONC LUSIONS

The comparison between different columns of Table 3 shows that the estimates
for three rotation parameters remain more or less the same, but that their standard
deviations show some improvement as we proceed from column 1 (variances only)
to column 3 (full variance-covariance matrix). However, in the case of scale factor
(Table 4) the estimates for As indicate a definite trend while standard deviation
‘remains cqnstant.

In the case of seven parameters general transformation (Table 5) the comparisons
among different columns indicate a definite overall improvement in all parameter
estimates. The best estimates were obtained in the solution using full variance-
covariance matrix and three rotations (w,y,€) and scale factor (As) as constraints
(column 10). In this case the standard deviations for all the parameters are
smaller (or at the most, equal) compared to those in any other column of Table 5.

Further, it is also notiqeable that the improvement from a non-constrained
solution to a constrained solution, both with three or four constraints, is more
gignificant compared to the improvement from a constrained solution using variances
only to a constrained solution using (3 X 3) banded diagonal or full variance-covariance
matrix. The improvement from the solution using (3 x 3) banded diagonal to the
solution using full variance-covariance matrix is, however, marginal.

| A study of Table 6 indicates in all the three cases an overall improvement in
correlation from a non-constrained to a constrained solution with four constraints
(three rotations and one scale factor). The improvement in correlation between
translations and rotations is quite significant while the same in not reflected between
translations and scale factor., However, the improvement pattern from Table 7 is
not straightforward. The correlations between translations and rotations show a
downward trend from the solutions using. variances only to the solutions using full
variance-covariance matrix in all the three cases while the correlations between

translations and As show an upward trend.
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5)
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KCODE(10)
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'PARAMETERS REQUIREN IN THE SNOLUTION®
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: TO SEPARATE THESE SOLUTIONS,
4 NENOTES TRANSLATIONS AND SCALE.
7 DENOCTES TRANSLATION, SCALE AND
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"WHETHER CONSTRAINED SOLUTICN IS NFEDED'
0 DENOTES NO SUCH SOLUTION
1 DENOTES CONSTRAINFD SOLUTION.

'FIPST SYSTEM IN ELLIPSOIDAL COORDINATES
IN DFGREES FOR PHI AND LEMDA ——
AND METERS FOR HFEIGHTS?®

c DENOTES NO SUCH CASFE

1 DENOTES SUCH INPUT

FINPUT FOR FIRST SYSTEM IN GFOS FORMAT
0 DFNOTES NO SUCH CASF
1 DENOTFS SUCH INPUT

'SECOND SYSTEM IN ELLIPSOIDAL COORDINATES
IN DEGREES FOR PHI AND LEMDA -—
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SEE KCODE(12) ALSC.

¢ DENCTES NO SUCH CASE

1 DENDTES SUCH INPUTSE
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IMPLICIT REAL * B(A-H , 0-=2)
REAL *8 LEMDAGNI,MO2
NIMENSICN  XYZ(35,3)4sRANGLE(4),VROT(4,4),NAMEL(3),

z A{3600),W(1200),P(2400),UVW(35,3),NAME2(3},
3 AA(3,105)4BR(3,105) NSTA{35),KSTA(35)KCODE(15)
COMMON /WEIGHT/ P
COMMON /CODE/ KCODE
COMMON JINAME/ NAME1,NAME?2
COMMON NSTAyKSTASNNyNM UV XYZ g AgWo KPR ,KPARM
COMMON /BANGLF/ RANGLE,VROT
DATA MINUS/1H-/
P11 = 3.141592653589793DC
RHO = 180.,D0O/PI1Y
RE0S = RHO*3600.D0
KOUNT = 1
C
C
C okskokok ook ook READ IN VARIOUS CODES INVOLVED
C
C
1C00 RFAD (5, 1) (KCODE(I)y I = 1,15),(NAMEL(1),1=1,31),
2 (NAME2{T1),1=1,3)
1 FORMAT (1251111912521153Xs3A443Xe3A4)
WPITE (69 2) (KCODE(I)y I = 1,415}
Z FORMAT (%2%,//7/7/77 425X, °KCODE INPUT',//,20X,1512,//)
NO = KCODE(L)
1F (KCODE(4) .FQ.0.AND . KCODE(S5),FQ.0) GO TO 12
C
C dokockokokok o READ IN DATA FOR THE FIRST SYSTEM
C
RFEAD (5, 3) AF1,F
2 FORMAT (2F15.10)
F = 1.DC/F
£2 = 2.D0%F — F%F
1F { KCONE(S) k0. 1) GO TO 6
c :
C pkkdkknk READ IN ELLIPSDIDAL CODRDINATES IN DEGREES AND HEIGHT
C
DO 5 1 = 1 5 NO
REAN (59 4) NSTA(I),PHIZLEMDAHT
4  FORMAT (14,5X33F16,9)
PHI = PHI / RHN
LEMDA = LEMDA / RHD
Wh = (1.D0-E2 *DSIN{PHI)}XDSIN(PHI))*%0.5D0
UVW(TIs1)= (AEI/WW+HT)I*DCOS(PHI)I*DCOS(LEMDA)
UVW(E42)= (AE1/WW+HT ) *¥DCOS(PHIIXDSIN(LEMDAY)
UVWI{Ts2)=  (((AE1%(1.D0=-FE2 )} /WW)+HT)EDSIN(PHI)
5 CONTINUE
G0 TOo 15
C
c .
C R akdok kK READ IN ELLIPSOIDAL COORDINATES IN GFDS FORMAT
C
C
6 DBG11 1 = 1 4 NO
RFAD (5 9 7) NSTA(I) 1SNy IPHyMPHySPH,ILM;MLM,SLM,HT
T FCRMAT (14,20X9A142132,F8.2,213,F8.3,F10.2)
LEMD2 = LILME (L IMLM+ISLM/60.D0))/60.D0) ) /RHO
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IF (ISN .EQ. MINUS) CO TO 8

PHI = (IPH+{(MPH+(SPH/60.00))/60.00))/RHD
6o 10 10 ‘ _

8 PHI = ~{1PH+{{MPH+{SPH/60.D0))/60.D0)) /RHO
10 WW = (1.D0-E2*DSIN(PHI)#DSIN(PHI) ) %%0.500
UVH(I,1) = (AEL/WW+HT)*NCOS(PHI)#DCOS(LEMDA)
UVW(T42) =  (AEL/WW+HT)#NCOS(PHI)#DSIN(LEMDA)
UVH(T42) = (((AE1%(1.D0-E2))/WW)+HT)*DSIN(PHI)

11 CONTINUE
6o YO 15

kS kdkkR READ IN RECTANGULAR COORDINATES ( Uy Vo W ) IN METERS

12 D014 1 = 1 4 NO

RFAD (Sy 13) NSTALI), (UVHIT ) ,5=1,3)
13 FORMAT(1445X43F16.5)
14 CONTINUE

2%%¥ READ IN COCRDINATES OF THE SECOND SYSTEM
15 IF (KCODE(6) «EQ.,1.0R KCODE(7).EQ.1) GO TO 20
I FZ3TTY T READ IN RECTANGULAR COORDINATES ( Xy Yy Z )} IN METERS
bc 181 = 1 4 NO .
RFAD (59 16) KSTA(1),(XYZ(1,0), J=1,3)
16 FORMAT (14,5Xy3F16,.9)
18 CONTINUE )
GO TO 40
20 RFAD (5, 22) AE2,F
22 FORMAT (2F15.10)
F = 1.DO/F ‘
E2 = 2.DO%F - F%F
1F { KCODE(T) +EQ. 1) GO TO 25
3T 22232 READ IN ELLIPSOIDAL COORDINATES IN OEGREES AND HEIGHT
D0 24 T = 1 4 NO
READ (59 23) KSTA(1)4PHILFMDA,HT
23 FORMAT (1445X93F16.9)
PH1 = PHI / RHO
LEMDA = LEMDA / RHQO
W = (1.00-E2 *DSIN(PHI)*DSIN(PHI})%*0,5N0

XYZ{I41)= (AE2/WW+HT)}*DCOS(PHI)*DCOS(LEMDA)
XYZ(T42)= (AE2/WHW+HT)*OCCSE{PHI)*DSIN{LEMDA) .
XYZ(I43)= (((AE2*{1.D0-E2 )} )/WW)+HT)I*DSIN(PHI)
24 CONTINUE )
GC TC 40
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ok e A ok READ N FLLIPSCIDAL COORDINATES IN GECS FORMAT

28
30

21

ne 21 1 = 14 NO

READ {5y 26) KSTA{I)4ISNyIPHsMPH,SPHyILMyMLM,SLM,HT
FCRMAT (14y20X4A19213,F8.3,213,F8.3,F10.2)
LEMDA = (TLM+ ((MLM+(SLM/60.D0))/60.D0) ) /RHO
IF (ISN .EC. MINUS) 6N TO 28

PH1 = (IPH+ ((MPH+(SPH/60.D0))/60.D0) }/RHO
G T 30

PHI = —(IPH+ ({(MPH+(SPH/60.D0))/60,D0)}/RHD
WwW = (1.D0-E2*DSIN(PHI)*DSIN(PHI) ) *%*0,.5D0
XY7(141) =  (AE2/WW+HT)I*DCOS(PHI)*DCOS(LEMDA)
XYZ(142) = (AE2/WW+HT)XDCOS(PHI)*DSIN(LEMDA)
XY21193) = (CCAE2%(1.D0-E2))/WWI+HT) *DSIN{PHI)
CONTINUE

#%%% WRITING OF RFAD IN DATA FOR THE TWO SYSTEM IN RECTANGULAR COQORDINATES

40
42

43

58
60

WRITC(E, 42)

FNRMAT(®1%9///+25X +'"RECTANGULAR COORDINATFS FOR FIRST SYSTEM®!,///)
WRITF (6, 43)

FORMATUY "313X g " STNND . 312X Uy 13X,V ,16Xe"W*,/)

NG 4~ 1 = 1 4 NO .

WRITE(6, 44) NSTA(I)y (UVWIIJ)y J=1,3)

FCoMAT(Y ' 313X4154F20.442F16,.44(14X,15,F20.4,42F16.4))

CONTINUE

WP ITE(6,50)

FORMAT('1%,///7425X,'RECTANGULAR COORDINATES FOR SECOND SYSTEM',/)
WPITE(6,452)

FORMAT(9 =9y 13X "STNNO o 412Xy "X 313X, ?Y?,16X,%2%,/)

oG 60 1 = 1 4 NO

WRITElG, 58) KSTAUIYy IXYZUI,J), J=1,3) ’

FORMAT(Y 413X 4154F20.492F16.44(14X154F20.492F16.4))

CUNT INUE

*%d%x SEPARATING THE TYPE OF SOLUTION REQUIRED

KPARM = KCODF (11)

IF (KCODF(8) .NF., 1) GO TO 62

KPR = 1

Gn T 75

IF (KCUDE(9) JNF. 1) GO TO 64

KEO = 2

sC TG 75

KPR = 3 '
IF (KCODE(10) «£EQ.1.,AND.KCODE(12).EQ.1) KPR = 2
NM = NO - 1

NM = NQ * NM

NNN = 3%*ND

IF (KCODE(14) .FQ. 0O) GO T7YO 85

CALL FULERS (ND,NNN,AA,BE)
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IF (KCODE(14) ,EQ.1.AND.KCODE(2) .EQ.3)
CALL TFORM (NO,NNN)

IF (KOUNT .FQ. KCODE(13)) GO TO 95

KQUNT = KOUNT + 1

GG TC 1000

sTOP

END

-35-
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*

s%+%* EETWEEN TWO COORDINATES SYSTEMS COMPUTED FROM DIRECTION COSINES Ll L
*

*

3

ok ok 2 30 o 3 ool s ok o ok o o oo Xk ol o ofe e e e e ok o s ok ok 3o e o ol e s e e e ko o ok ok o o o ol ol o ode ok o ok ol o ook o ool ok K ok C C koo ok ok

SUBROUTINE EULERS (NO,NNN,AA,BB)

IMPLICIT REAL *B (A-H,0-2)

REAL *8 NIJNZ7,MO2

DIMENSION UVW(3543)4XYZ(3543)4A(3600),W(1200)yNAMEL1(3),
ZPLU646) 3G 296) yGPU256) 1GT(642)93PP(242)4KX(2)4KY(2)NAME2(3),
3B(294)9BT(492)4P216,46) INDEX(40), INV(40),QXYZ(4500) 4NZ(4s4),
4P (2400)48S(294)9KSTA(35)NSTA(35),0UVW(4500) yAA(3,NNN),BB(3,NNN),
5PC(292) 9PR{444)4NT(343),0X(3),U(3),VAR(3,3),KQ(3),KCODE(15),LQ(3)

COMMCN /WEIGHT/ P

COMMON /CODE/ KCCDF

COMMON /ANGLE/ S,DX4NZ

CCMMON /INAME/ NAME1,NAME2
COMMON /SFAC/ DW,DS,NA1,DB1,DC1,

2 NA2yDBE2sNC2,RIKY1 4RIK2,P1,P2
COMMON NSTAGKSTAGNNgNMsUVW 4 XYZ g AgWy KPR (KPARM
PII = 3,.,141592653589793D0
RHOD = 180.DC/PII
RHOS = RHO%3600.DO0
Ny = 0.D0
DS = 0.DO
S = ¢.DC
VSF = 0.00
WY = 0.NO
L = 1

*p%¥ SETTING UP OF MATRIX 'R* —— COMMON TO ALL SOLUTION
E{ly1}) = =-1.DC
B{l1es2) = 0.D0
8(1,2) = 1.D0
R(1,4) = 0,00
B{2,1) = 0.D0
R{24,2) = =1.N0
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62,3} = 0©0.DO
NS = NN/ 2
R(2,4) = 1.00
nc11l = 1,2
ﬁﬂlJ=1'4
PT(Js1) = B(14J)
1  CONTINUF
ne 21 = 14 4
aln) 2 J= 1,4 4
PR{I,J) = 0.DC
CONTINUE

IF (KCODE(8)EQ.1.O0R . KCNADE(9).EC.1} GO TO 10

ARKRF ARG R BT RR SRR EXTRAR AT EE TR AR B AR RRETARRFEXX AR XA ERXEI R R (R RK

b A FULL VARIANCE-COVARIANCE CASE *xEE

*% *$*$*##*#I&#*t####*#*###*****#l&**#*-****##******##********t#*#*#*#**t*((#*##

¥x¥ DEADING IN VARITANCE~COVARIANCES FOR *FIRST SYSTEM?

JX = 1
te 61 = 1 + NANN
JL = JK 4+ NNN - 1
OFAD (5, 3) (QUVW{I), J = JIKyJL)
2 FORMAT (8F1C.4)
DC &6 L = LL » 3
PLILLyL)= QUVW(JIK+L-LL)
4 Pl{LyLL)= PL{LL,L) -
WRITE (1) (P1({LL,M)y M =1 , 3}
Lt = LL +1
| I (LL «EQ. 4) L =1
& JK = JL + 1
REWIND 1

aockk READING IN VARIANCE-COVARIANCES FOR *SECOND SYSTEM®

Lt = 1

JK = 1

ne 91 = 1 4 NNN

JL = JK + NNN - 1

QEAN (S5y 7) (QXYZU(J)y J = JKyJL)
7 FNORPMAT (8F10.4)

D E L = LL o 3

P2ILL,L)= OXYZ(JK+L~-LL)

8 P2(L.LL)I= P2(LL,L)
WEITE (2} (P2{LL M)y, M =1 , 3)
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LL = tL + 1

1F (LL «EQ. 4) LL =1
g JK = JU ¢ 1
REWIND 2
GG TC 24
S o o e o Sk ool o o o ot ol sk o ol ol e ik odok ook ko sk ok sk ok ook ook R kR Rk SRk Rk ko ok R Rk ok (kK
EE T DIAGONAL OR  3X3 PBANDED CASE b L
% % ok o e sk ok ook sk s ok ol o s ool o o ook i ok ol ok ek ok ok R ook R KR KRR R KRR RN AR R AR R Rk
L] READING IN VARTANCE~COCVARIANCE FCR FIRST SYSTEM
16 D017 I = 1 4 NC
KK = (I-1)%*3 + 1
KM = KK + 2
IF (KCODE(8) .FQ. 1) GO TO 13
%%k VARTANCE - COVARJANCE MATRIX IN 3X3 BANDED FORM
De 12 o= 1 4 3
READ (5,11} (AA(J+K)y K = KK,KM)
11 FORMAT(3F5,2)
12 WRITE(1) (AA(JyK) gy K=KKyKM)
G0 TO 17 :
¥k VARTANCE - COVARIANCE MATRIX IN DIAGONAL FORM (ONLY VARIANCES)
13 o016 d =1 4 3
fD 14 K = KK 4 KM
14 AA(J,K) = C.DO
RFAD (5+15)  (AA(K,(K+KK=~1)}), K = 1,3)
18 FCOUMAT (3F10.2)
16 =1 4 3
16 WRITF(]) (ABLJ 9K )y K=KKy4KM)
17 COCNTINUF
RFWIND 1
k¥  READING IN VARIANCF-COVARIANCE FOR SECOND SYSTEM

<D
= A

1 » NC
(I-1)%3 + 1}

~)
[§3]
—
" oH
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Km = KK -+ 2
IF ~ (KCODF(8) .FQ. 1} GO TO 20

%%  VARTANCE —~ COVARIANCE MATRIX IN 3X3 BANDED FORM

Lo 19 J = 1 5, 2

RFEAD {5,18) (BB (JyK)y K=KKyKM)
18 FOCEMAT (2FS.2)
16 WRITE(2) (BR{JyK)}y K=KK,KM)

G 10 232

#%%%  VAR]ANCF ~ CCOVARIANCE MATRIX IN DIAGONAL FORM {ONLY VARIANCES)

20 D21 9 =1 4 3
e 21 K = KKyKM

21 BR(J,K) = 0.DO
PEAL (5515) (BB{K,(K+KK=1))y, K = 1,43)
6n 22 J9 =1 4 3 :

22 WEITE(2) (BB(JyK)y K=KK,KM)
2 CONTINUE
KFEWIND 2

A o ok o A o oo e kR ok Rk ek Rk Rk kR KRRk R R R Rk R Rk kR kK

P
*%#%% FORMING MATRICES 9At, 'y, AND 'PY FOR THE FNTIRE SYSTEM %% %
*%%% RBY COMPUTING DIRECTION COSINES FOR EACH LINE BETWEEN E 222 3
*x%¥%x ANY CONF SET OF TWO GIVEN POINTS. *kkk X
: *

E - *

3 3 o o o oy ook ok o ok o o o ool o ok ok ok o o ool ook sk ol s ke e ool kol el R ok koo ok o ok ok ko ko kR kR kR (Ckk k% %

24 MkR = 1
KMy = 1
MK = 1
INDEX(1) = 1
M#m1 = NNN + 1
ne 25 1 = 1 4 NO
25 INV(ID) = 3% - 1
NC sC I = 1 4 NM
DC 26 J = 1 4 &
Nne 26 K = 1 4 &
P1{JyK) = 0.D0C
P2{dyK) = 0.00
26 C(ONTINUE
1F (KCODE(10).FO. 1) GC TO 28
no 21 b= 1, 3
OD 27 L = 1 4 3
LL = (I-1) * 3 + L
Pl{JsL) = AA(JyLL)
P2(JdsL) = BBRLJI,LL)
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2
Ze
4
42

43

44
&5

% X%

CONTINUE
co T
LL

AIA YN
neG 29 L
LLL
P1{JsL)
PZ(JsL)
MM1

LL

JJ
INDEX(JJ
MM 2

D0 &0 K
iF

LL

po o34 J
ne 23 L
LLL
PL{JsL)
P7lJy L)
MM2

LL

KPR
INDEX (KP
111

IF

nn 38 J
neC 36 L
Lt
P1(JsL)
P2lJsL)
111

ne o4z J
ne 42 L
PI(Lyd)
P2{LsJ)
e TO
D 44 L
J¥L

D a4 M
KLM
PI(LM)
P2{Ly™)
CONTINUE
KSM

KMS

COMPUTI

DAl
nel
201
elil
AT
RiKl

2

NN

)

)

LI T TN LN (T I { O B O 1

LI L T ) B B T
L% LD [ ¢ B T B [ B 1 |

NG

nn i n

(KCODE(B).EQ.1.0R.K

INDEX (1)
1, 3
Jd 9 3
LL + L - J
GUVW(LLL)
OXYZLLL)
MMl - 1
LL + MM]
I + 1
Le
MM1
JJ » NO

INDEX (K)

4 o &

J s 6

tL + t - J

QUVWILLL)

QXYZ(LLL)

MM2 - 1

LL + MM2

K + 1

LL

INDEX(I) + INVI(K-I)
(KCCDE(12) FQ. 1) GO TC 41

1,3

4 4 &

II} + L - 3

QUVWILLL)

QXYZ{LLL)

III + (NNN =(2%(]-1))=J)

14 6

1, 6

P1{J,L)

P2(J,L)

4 4y 6
L -3
4 4 6
(K=2)%3 + M

AA(JKL s KLM)
BREJIKL,KLM)

MKR + NN
MKR + (2%NN)

DIRECTION COSINES FOR  FIRST SYSTEM

UVH{K,s1) — UVW(I,1)

UVWI(K,2) — UVW(I,2)

UVW(Ky3) - UVWI1,3)
DSQRT(DALI*DAL+NB1*NDB1+DC1%*DC1)
DA1/21IK]1

DR1/RIK]Y

-40~
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CIK1 = DC1/RIK1

TIkl = -~DATAN2(BIK1,AYK1)

IF {TIK1.LT.0.) TIK1 =(360.D00+4TIK1*RHO) /RHO

AB1 = DSQRT(AIK1#ATK1+4BIK1#BIK1)

DIK1 = DATAN2(CIKI,AB1)
##%% COMPUTING PIRECTION COSINES FOR SECOND SYSTEM

Da2 = XYZ(Kyl) = XYZ(1,1)

oR2 = XYZ(Ke2) = XYZ(1,2)

pc2 = XYZ{Ky3) = XYZ(143) :

RIK2 = DSQRT(DA2%DA24NB2*DB2+DC2*DC2)

A1IK2 = DA2/RIK2

RIK2 = DB2/RIK2

CIK2 = DC2/RIK2

TIK2 = -DATAN2(BIK2,ATK2)

IF (TIK2.LT,0.) TIK2 =(360.D0+TIK2#RHO) /RHO

¥ = DSQRT(AIK2%AIK2+BIK2%BIK2)

DIK2 = DATAN2(CIK2,482)
*%%% SETTING UP MATRICES 'A' AND W' -—— COMMON TO ALL SOLUTION

A{MKR) = 1.D0

A(MKR41)= 0.DO

A(KSM) = DSIN(TIKZ)*DTAN(DIK2)

A(KSM+1)= DCOS(TIK2)

A(KMS) = =-DCOS(TIK2)*DTAN(DIK2)

A(KMS+1)= DSIN(TIK2)

- W(MKR) = TIKl - TIK2

W{MK?+1)= DIK1 - DIK2
B AR REF R R ARG EERERKEERFEREEXEER R AR E R R RR R Rk kKRR kR Rk R R RE
#%%% FORMING VAR-COVARIANCE MATRIX FOR *TIK' AND xxs
*%%% THROUGH PROPOGATION OF ERRORS -—— WHERE *TIK?® axnn
*¥%% ARE GEODETIC HOUR ANGLE AND DECLINATION. xxn
AR KA REREERFE AR E X AKX EREEEERRERRRERERR R TR RS A AL R AR AR CERPR
BEEH ' FIRST  SYSTEM #x%e

DAB1 = DA1%DA1+DB14#DB1

DRA = -DSQRT(DAB1)

G(1,1) = -DB1/DAB1

G(1,2) = DA1/DAB1

G(143) = 0.D0

Gl1,4) =

-G{1l,1)
’ ~-41-
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46

#e ok ok

47

G(1s5)
G(146)
G(2y1)
G{2+2)
G(293)
G{2+4)
G(245)
G(246)
e 46 L
DG 46 M
GT(M,L)
COANT INUE
CALL
CALL

NARZ
DaAR
G(l,1)
G{1+2)
G(1,3)
Glls4)
G(1s%)
G(ly6)
G(Z,y1)
G(2+2)
G{Z2+3)
Gl244)
G(245)
G(2y6)
ne 47 L
nn 47 M
GTIM,L)
CCNTINUE
CALL
CALL

LU U (I N I T (I |

LD T I I [ & B T B 1 B | B 1§

o

=-G(1,2)
0.DO
DA1%DC1/(DBA*RIKLI*RIK])
DR1%DC1/(DBAXRIKL*R]IK]1)
-DBA/{RIK1%RIK1)
-G(2,1)
=-G(2,2)
-G(2,3)

1 4 2

1 4 6
GlL M)

DGMPRD(G4P1+GP 3296 46)
DGMPRO(GP,GTyPP,246,2)

SECOND SYSTEM

DAZ*DA2+DB2%*DB2
DSQRT(DAB2)
-DB2/DAB2
NA2/0AB2
0.D0
-G(1,1)
-G(1,2)
0.D0
DA2*DC2 / (DAB*RIKZ*R]K2)
DB2*DC2 / (DAR*RIK2%RIK2)
~DAB/(RIK2%RIK2) )
-G(2,1)
-G(2,2)
-G(2,3)
1 4 2
1 4 6
G(L M)

DGMPRD(GyP2yGP429646)
DGMPRD(GP¢GT,PQ924642)

*x%x FORMING MATRIX ¢MI' FOR THE COMBINED SYSTEM

48

ne 48 L
J

N 42 M
N
PR(LyM)
PR(JyN)
CONT INUE
catt
CALL
CALL

*
+
’

kXN
NRNN

+

PQ{L,M)
PP(LyM)

DGMPRD(ByPR¢yBSy24444)
DGMPRD(ES+BT4PPy244,42)
DMINV(PP,2,DT4KXyKY)
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PIKMT) = PP{1,1)
P{KMT+]1 )= PP(2,1)
C(KMT+2)= PP(1l,2)
P(KMT+3)= PP(2,2)
MKR = MKR + 2
¥MT = KMT + &
AREFAEEE EEREER R
1F (KCCDE(11) .FQ., 3) GO TO 50
CaLL SCALE (NS MK, SeVSF,WT)
My = MK + 1
%ok Ak P22 2222 20
Aok Aok B K (L LCCEF R RN R AT R EERRRT AR RRE RS AR AT R ERRRLLLLCLLLLL SR kR R kK
TSI TT Ty L2222 22
o o ook %k Rkkk kK
EE L . FINDING WEIGHTED MEAN AND VARIANCE FOR X EKERE RS
Kol Rk R *SCALEF FACTQR' BY COMPARISON OF CHORDS IN ERERRRR K
oAk Ak ok oK THE TWC SYSTEMS BY CALLING SUBROUTINE °*SCALE'. *EERAER R
ok okok g akok E2 2L 23
EEE 2 S8 272 . . A L2t 21224
A A R AK kdk kg
kR AERRCCLCCLLL LR AR RKEERTA AR AR ERARKERRKEEREERRRERREE AR CLLLCCLLLLCRE AR R R R
BhRK R EX R xE Rk
FE T e AREERERE
50 CONTINUE
VSF = VSF * 10.D11
DG 75 J = 1 4, 3
1Jv = (J-1)*%NN + }
JKL = IJK ¢« NN -1
75 WRITF(2) (A(I)y 1 = 1UK , JKL)
PEWIND 3
WRITF(4) {W{K)y K=1,NN)
REWIND 4
*%%% FORMING MATRIX *N' AND INVFRTING THE SAME
neaol = 1 4 3
RFAD (3) (W{J)yJ=14NN)
¥1 = (I-1)%NN + 1
K2 = Kl +# NN - 1
MMM = 0
nn78 K= Kl 4 K2
Al(K) = " 0.D0 .
L1 = (({K-K1)/2)%2) + 1}
L2 = L1 + 1
P 78 L = L1 , L2
MMM = MMM + ]
72 A(K) = A(X) #+ W(L)%P (MMM}
£0  CUNTINUF
ne 84 1 = 1 49 64
nn 84 4 = 15, 4
R4 NZ(1,J) = 0,00
SEWIND 3
D88 I = 1 4 3
FEAN(Z) (H{L)y L=1 , NN}
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OO0 NN N

111
ac NI(J,1)
&8  CONTINUE

(J=1)%NN + K
NI{Jsl) + A(TTII)*W(K)

RCRE J = 1 4 3
NItJ,1) = 0.D0
DC &85 X = 1 4 NN

RFEWIND 3
IF (KCODE(11) .EQ. 3) GO TYO 89
N7(1,1) = WT
3¢ D091 I = 2 s 4
ro 91 4 = 2 4 4
1 NZ(I4d) = NI(I-1,J-1)

CCALL  DMINVINIZ3,0FT,KQ,L0)

A3 ok e e o ool o % e d ok o o ok 3ok oo ok o e ook ok o gk ok o ok ok e o o 2k ol ok ook oK o ke o e ol ol o ol o ok e o e ol o o o ok o ok ke ok ok R (K Rk Kok
¥
#x#% COMPUTING SOLUTION VECTOR * DX ' FOR 3 ROTATION PARAMETERS e
*
R o 3% o e ko A e ok ok ok ik ko ool ok e Aok ok ok e deokok ok e ok Rl ok ok ok kR Rk kR kR kR Ak Rk R (kR E kR

eeaAn(a) (W(I), I=1 4 NN)
REWIND 4

np ez b= 1, 3

ued) = 0.DO

ne %2 1 = 1 4 NN

Ky, = {(J-1)=NN + 1

ued)

92 CONTINUE
CALL DGMPRD(NIZU+DXy3,3,1)
ne9s 1 = 1 4, 3

UlJ) - A(KKK)®W(T)

JK = (I-1)#NN + 1

JM = JK + NN -1 :
95 RFAD(3) (A{J)y J= UK 4 JIM)

PEWIND 3

k% CNMPUTING VARIANCE OF UNIT WEIGHT * MD2 ¢

DG 96 1 = 1 4, NN
W(l) = 0.D0
nLGE J = 1 4 3
K = {(J=1)%NN + 1
Wil = Wll) ~ A(K)I*RX(J)
G&  CONTINUE
) RFEAD(4) (A(1)y 1= 1 4 NN)
2EWIND 4 '
NG 97 K = 1 4 NN
W(K) = W(K) = A(K)}
97 CONTINUE
MMM = 0
ne 98 K = 1 4 NN
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ALK) = 0.D0
11 = ((K=1)/2)%2 + K
L2 = Ll + 2
NG 98 L = LY 4 L2 5 2
MMM = ((L=1)/2) + 1
28 A(K) = A(K) + P(LI*W(MMM) *
PEAD(4L) (W(I)y 1 = 1 4 NN)
REWIND 4
VPV = 0.00
NG 92 K = 1 4 NN
99 VPV = VPV - A(K)%W(K)
mMP2 = VPV/INN - 3)

*%%% CCMPUTING VARIANCE~ COVARIANCE MATRIX * VAR ¢

SO AN SN S

ne o160 I= 1 4 3

ne o100 J= 1 4 3

vaR{l,Jd)=  MOZ2*RHOSHRHOS*NI(1,J)
1006 CONTINUE
. no o105 I= 1 4 3
105 nx(1) =  DX{I)%*RHOS

c
C
C #*=¥%x COMPUTING COFFFICIENTS OF CO-RELATIONS FOR PARAMETERS
C : :
¢
NN 11G I= 1 4 3 ‘
IF (I1.EQ.3) G0 TCQ 107
JJ = 1 +1
DO 106 J= JJ 4 3
NI{I,d) = VAR(ILZJIZ{DSORT(VAR(I,1))%NSART{VAR(IyvJ}))
106 NI(J,1) = NI(I1,9)
167 NI(I,1) = 1.D6

110 CONTINUE

Ao e 3 ook e ok 3 o o o ool ook v o o o o ol okl ol o ok ol ol o ot ok o ool o ok o ook e ol okl ok ko o oo ok R R X ok ok Rk ok (R Ak ok

*ukE WRITING OF FINAL SCLUTION VECTOR AND VARTANCE-COVARIANCE MATRIX

* % G R BR

2o R A o ok vk ok ok ok e e o o o ook ofe s o e ool ok o o ok ok o Sl o sl ool ok o ol o o o o ok ek e e el o ok ol ok R kol Ok Rk (R ko ik

aEeEasNaNalnlaNale

WRTTE(646025)

(25 ENAMAT(Y1',///7)
WETITE(F,6028) (NAMEL(1),1=1493),(NAME2(I),1=1,3)

6028 FLOMATIY 45X 3444 '=-TO-"4y3444/,
76!,'****##*#*#**#*#########**#*#l////)
WRITE(A,602C)

6C30G FORMAT(Y *,30X,YSOLUTION FOR *'3*t ROTATION PARAMETERS?, /,
221X, : Y574
325X V(FROM DIRECTION CNSINFS —= UNITS SFCONDS OF ARC)Y,/)
T (112,114,116), KPR

112 WRITE(6,6031)
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£G3Y FORMAT(' ',37X,*(USING VARIANCFS ONLY)*,//)
Gt T 120 '
114 WRITF(6&46032)
6032 FORMAT(Y ¢,21X,
2'(USING 3X2 BANDED DIAGONAL VARTANCE—-COVARIANCE MATRIX)®*y//)
GG TC 120
116 WRITE(£46033)
603232 FOPMAT(Y *,29X,*(USING FULL VARIANCE-COVARIANCE MATRIX)',//)
12C WRITF(&,6035)
AC35 FORMAT(Y *,20X,*OMEGA? 419X, 'PSI® 20X, *EPSILON®4//}
WRITE(6,6040)(DX(1),y 1=1,3) '
5040 FORMAT(Y 'y 5X43D24.79//7)
WeITF(6,6045)
GO4Y FORMAT(Y *,32X,"VARIANCE - COVARIANCE MATRIX'y/»
233Xy V- 1,7)
WRITE(A,604R) MD2
K048 FORMATI(Y '917X1'M02="F6.2'//)
WRITE(£,6050) ((VAR(I,J3), J=1,3), 1=1,3}
ACSC FNOMAT(Y ¢, 3X43D25.84/7/7( 4X43025.84/))
WRITE(6H,6075)
6075 FURMAT(Y *,33X,'COEFFICIFNT OF CORRFLATION®,/,
224X, " —==0,/77}
WO ITE(646085) ((INI(I,J)e0=1,43),1=1,3)
6GES FORMAT(Y vy 3X43D25.8¢9//70 4X43D25.8,/))
1F (KCODE(11) .FQ. 3) GO TO 150
WPITE (6,700C)
7000 FREMAT('=*,//434X,*SCLUTION FOR SCALE FACTOR?®,/,
234X, * -9/
235X, *{FRCM CHORD COMPARISONY',//)
WRITF (&,47CG04)
TO04 FORMAT (Y *,20X s YSCALE FACTOR® 327Xe *VARIANCE? ,/,
222X Y (10.D45)2,29X»*{10.D+11)%,7/7)
WEITE (6,7010) S 4 VSF
TOLO FORMAT(Y ¢ 4,20XsFB8.2930XyFT7e424/7)
150 KCONF(11) = 4
RFTURN
END
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OO OO ANADONOOANOAN

e e Eale Re Ne el

AEEED SRR AR RS ARREEERE AR ARG XA SRR ER GRS BERRRE R REER AEFERE R R AR AR SRR

*TFCRM?

AR EARF AR RARERERRREEBRR R TR AR RR AR EEERERREAR AR EE RS R EEREERRR R A IR SRR

#2%%x PROGKAM TO TRANSFCRM (ONF PECTANGULAR CODRDINATES SYSTEM
*x%% T SECOND RECTANGULAR COORDINATES SYSTEM AND VICE-VERSA

HERARFLE XTI RS SRR AT R HE AR AR AR A R ER AR R RN ERRE R AR R ERFREAEE A RE

AR RO SRR AR R R R AR H R AR RE R R XA KRR ARG AR R Aok ko kb ok Xk (R kE

SUPROQUTINE TFQRM  (NO,NQ)

IMPLICIT REAL * 8 (A=-H, N=~Z}

RFAL #* 8 MI sKKy KLy NI, MD2

NIMENSION XYZ(35,3),UVHW(35,3),SIGMAX(7,7)yNAMEL(3),
ZAL3600),W(1200),VAR(Ty7)sDX(TIyNI(49) 4 NSTA(35),NAME2(3),
SAME(L) yU(T)oLT(T) oy KCODECLIS)oCNTUT34) o TT(T794) 4CN(L49T)4ZP(4y4),
GMTIT) G KSTAL3S5) s VR(T97) o XD(T7)4KLL150),KK(150) 4MI(2400)},ROT(4,44)

COMMON /WEIGHT/ MI

COMMON /CODF/ KCODE

COMMON /ANGLE/ ANG,ROT

CUMMON /INAME/ NAMF1,NAME?2

CCMMON /CRNT/ VPV,DXySC2¢XDySIGMAX

cMmny NSTASKSTAJNN¢NMoUVH ¢ XYZ 983 W 9 KPR yKPARM

Pll= 3,1415926535897930C
RHGC = 180.00/P11
RHOS = RHO*3600.D0

IPARA = KCODE(2)
Ic = KCODE(11)
KOUNT = 1
no 51 = 1 4 4
e 5 9 = 1 4, 7
CM{I,3d) = 0.00
T1y,1) = 0.DO
£ CNT{J,I) = 0.DO
nn 16 I o= 1 4 4
[£1 000 TN 1 4 4
16 IPtI,J) = 0.D0

k&% SETTING UP MATRIX *A' —— COMMCN TO ALL SCLUTION

NNN = 6%NO
NNZ = NQ*IPARA
nC13 1 = 1 9 NNZ
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A(l)
CONTINUE
ne 15 1
KKK

LttL

MMM
ALKKK)
ACLLL)Y
A(MMM)

iRt

P

fnonumn

w¥ek SETTING

a¥aNalalaRal

WlKKK) =
WIKKK+1)=
WIKKK+2) =
CONTINUE

IF (KCODE

OO OO0

N o= 3
1CASE =
tc TC e

ki SOLUTION

eEaEaleNaNaRele]

SG N = 4
o 60 1
KKK
A(KKK)
A(KKK+1)
A(KKY+2)=
COCNTINUE
I+ (KCone
1CASE =
G T 8

6C

FxE% SCLUTION

E¥alaRaRaRu¥el

N o= T
1CASF
orr g0 1
KKK

G.00

1y NO
(3%]1-2)
KKK+NQ+1
LLL4NQ+1
1.D0
1.00
1.D0

UP MATRIX *wt?

(UVW(T 4L =XYZ(I,1))
(UVHIT 42)=XY7(1,42))
(UVW(T43)=XY2(1,3))
(2) NE. 2)

Go 10

1
1

FOR 2

1, NO
3%{NQ+1)-2
UVWI(I,1)
Uvwi(I, z)
UVIW(1,43)

(2)
2
1

«NE. &) GO 10

FOR 3 TPANSLATIONs 1 SCALE AND 3 RQOTATION PARAMETERS

2
1, NO
4%ENQ+(2%T=-2)

50

70

WHICH IS COMMON TO ALL SOLUTION

#%x%% SOLUTION FOR 3 TRANSLATION PARAMETERS

TRANSLATION AND 1 SCALE PARAMETERS
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aNaRaloNaRaNaRel

AR RN AT RIS EE ARSI R RE TR R L RR R RER AT R AR AR RSk Ak kR bk hr kR kRS EERE

e Aok o 3k e g e ok o ok ok ol ok Kok g ko Kok R R Rk Rk kK k KRR R ARk EERE R KRRk

LeL = KKK + NO

MMM = LLL + NC + 1

A{KK¥.) = UVW(1,2)

A(KKK+1) ==UVWI(I,1)

AlLLL) =~UVWI(1,3}

ACLLL+2) = UVW(I,1)

A {MMM) = | UVN(1,3)

ATMMM41) ==UVW(I,2)
&0 CONTINUE
81 Nt &S 1 =1 4 N

KKK = (I-1)%NQ+1

LLL = KKK+NQ-1

WRITF(3) (A1J), J=KKK,LLL)
£5  CCNTINUE

REWIND 3

WRITE(S) (W(I), I=1,NQ)

REWIND &
#%¥% FOPMING NOUMAL EQUATICNS -- MATRICES
100 CALL SETUP (NOoNQ,IPARA)

0C 116 1 = 1 4 N

READ(2) (W(J)y J=1,NO)

K1 = (I-1)%NQ+1

K2 = K1+NQ-1

MMM = 0

G0 116 K= Kl, K2

A(K) = 0.00

L1 = (((K~K1)/3)%3)+1

L2 = Ll + 2

PG 116 L = L1 4, L2

MMM = MMM ¢+ 1 '
116 A{K) = A(K) + W(L)%MI(MMM)
11¢  CONTINUF

RFWIND 3

DG 120 1 =1 4 N

RrAR(2) (W(L)y L= 1,NQ)

JK = (1-1)%N+1

JL = JK+N-1

O 119 J = JKeJL

N1(Jd) = 0.D0

n0 119 K =1 , NQ

11 = (J=JKIENQ + K
116 NI(J) = NI(J) + A(11)%W(K)
12¢ CONTINUF

RFEFWIND 3

Nt 121 1 =1 4 N

neo121 =1, N

K = (I=1)%N +J
121 SIGMaX(T.d) = NI(K)

SEAN(4)  (W(T)y I= 1,NQ)
D EWIND 4
D122 J=1 4 N
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uty) = 0.DO
ne 122 1=s1 4, NO

KKK = (J=1)*NG+]
UL = ULJ) = A(KKK)I*W(I)
122  CONTINUF -
e
€ ool ool ok ook 3 o okl ok 3 ofe e o ofode oo adeole B o oeooke ok sl oo s ok o o 2 e o 2 ok ofe o o e ol ol e ok ok o ol ok ok ook o ok ok ok ok k CC Rk R ok ok
C *
€ #%%% COMPUTING SOLUTION VECTOR *DX?® FOR TRANSFORMATION PARAMETERS :
v *
€ %k s ok o sk o sk o oo e e o e o oot ook o s ool ade ke o e ool o o o ok o o ol o e o ok s ol e o ol e ol o ok ok e ol o e o e ok ol ok sk ko C Qo ook ok
C
CALL  DMINVINIJN,DT,LT,MT)
CALL  DARRAY(14NyN,7,74NI,VR)
CALL  DGMPRND(NIUyDXyNyNy1)
00123 1 =1 4 N
K- = (I-1)%NO + 1
JM = JK + NQ -1
123 PFADI3)  {ALJ) sd=IK,IM)
PEWIND 3
"
C
£ *%%% COMPUTING VARIANCE OF UNIT WFIGHT 'Mp2¢
C .
c
DD 125 1 = 1 4 NO
WD) = 0.06
PG 125 0 =1 4 N
KZX = (J-1)ENQ+I
WEI)D = W{1) =A(KZX)*DX(J)
175  CONTINUE
PEAD(4)  (A(I)y TI= 1, NO)
REWIND 4
NG 126 K = 1, NQ
WIK) = W{K)-A(K)
126 CONTINUE
MMM =0
ne12e K o= 1, NQ
A(K) = 0.D0
LI = ({K-11/3)%6 + K
L2 = L1 + 6
DC 128 L = L14L2,3
MMM = ((L-1) /3) +1
128 A(K) = A(K) +MI(L)EW(MMM)
CaLL RESIDU (NG yNNN)
REAR(4)  (W(1)eI= 1,NO)
REWIND 4
VBV = 0.D0
DO 13C Kk = 1,NQ
130 VPV = VPV = A(K)#W(K)
MC2 = VPV/Z(NO-N)
d
c
£ #x#xs COMPUTING VARIANCE—COVARIANCE MATRIX *VAR®
C
c

N0 122 1 = 1, N
. -50-



NG 132 J
VAR(1,J)
122 CONTINUE .
IF (KCGDE(2) .€Q. 3) GO TO 140
0X(&4) = DX(4) * 10.D5
IF (KCODF(2) .EQ. 4) GO TO 140
DO 1351 =5 4 7 ’
Dx(1) = DX{(1) % RHOS
135  CONTINUE

1y N
MO2%VR(1,J)

*%% COMPUTING COEFFICIENTS OF CORRELATIONS FOR PARAMETERS

[aEzlaNaNaleNal

14C DO 145 1 = 14N
IF(I1.EQ0.N) GO TO 144

JdJ =1 +1

DG 142 J = JJ + N

VE(l4J) = VAR(IsJ)/(DSORT(VAR(I,1))%DSQRT(VAR(JsJ)))
142 VR(J,I) = VR{I.J)
144 VR(I,1) = 1.D0

145 CONTINUE
200 WRITE(6,4250)
25C  FOPMAT(*1%,//)
WRITF(6y 300) (NAMF1(1),1=143),(NAME2(1),1=1,3)
300 FORMAT(' ' ,5X43A4y"'=TO=?,3A4,/,
2O6Xy VAR RERREN AR AR AR KRR EEREAAE [/ /)
GC TG (500,600,700) , ICASE

ook 30K s oo e ol oo ool o ok ok ok o e o R oo AR AR R R R R R R R AR R AR R R R KRR K

#a%% WRITING OF FINAL SOLUTION VECTOR AND VARIANCE-COVARIANCE MATRIX

ok 3 R o sl e 3 ok e ooy ool ok e o i ok ot s ok o o e ool o o o ol o ook o o ook o ok ok ek ko ik ok ek e ok b ok (e kokok

aNeNalaoEaloEalaleoNeNaRaNaNal

560G WRITF{£,6025)

60625 FOPMAT (Y *4,//77/7)
WRITE(6,6030)

602C FORMAT('-%,21X,*SOLUTICN FOR 3 TRANSLATION PARAMETERS',/,
2229 *(UNITS = METERS)',///)
GC TC (512,514,516), KPR

£12 WRITE(£,6032) -

6022 FUREMAT(Y 9,29X 4" (USING VARIANCES ONLY)*,//)
G 10 520

£1a UWRITE(6,6034)

£024 FORMAT(Y 0,15,
2'(USING 3X3 BANDED DIAGONAL VARIANCE~COVARIANCE MATRIX)?',7/)
G0 T0 520

H1é WRITE(6,6036)
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6036 FURMATLY ',22X, *(USING FULL VARTANCE-COVARIANCE MATRIX)*,//)
526 WRITE(f,6038)
6£N38 FNRMAT( "= 316X 4'DX*,20X,'DY*,22X4'DZ2%,//)
WRITFE(6,6040)(DX(I), I=1,3)
6040 FORMAT(' 'y 1X,3D23.84,////77)
WRITF(H46045)
6045 FORMATIY 1,26X,YVARIANCE ~ COVARIANCE MATRIX',//)
WPITE(646048) MO2
E04E FNRMAT{ Y=Y 314X 4'M02=2,F6.,24/7)
WRITE(646050) ({(VAR(I,J)s J=143), I=1,3)
6CEQ FﬂRMAT" " 1X,3DZ3.8.//( 2x93023-80/),
WRITE(H,6075)
6075 FGRMATI'=',//427Xs *COEFFICIENTS OF CORRELATION',////)
WRITF (646085 ((VR(I,J)y J=14N), I=1,N)
HECRE FNAMATIY 'y 1X43023.8,//7( 2X43D23.8,/))
¢ T2 1000
600 WRITE(646500)
6500 FORMATIY %,///7/7)
WRITE(6H4651C)
6510 FRRMAT{'-*,17X,'SOLUTICN FOR 3 TRANSLATION AND 1 SCALE PARAMETERS?
29/ 434Xs " {UNITS — METERS)?*,//7)
G TO (612,614,616), KPR
A12 WRITS(A,6512)
6512 FORMATI(® *,29X,'(USING VARIANCES ONLY)',//)
cC TO 620
A£14  WRITE(é4,6514)
6514 FOEMAT(Y ',19X,
2*(USING 3X3 BANDED DIACONAL VARIANCF-CQOVARIANCE MATRIX)*,//7)
GC TC 620
616 WRITF(6,6516) )
£516 FORMATIY *,22ZX,*(USING FULL VARIANCE-COVARIANCE MATRIX)*,//)
620 WPITE(6:6520)
652C FORMAT{Y v, OX'DX"422Xy'0Y?,23X4'DZ%,22Xe*DL*,//)
WRITE(A,£550)(DX(]1), I=1,4)
6550 FORMAT(Y ' oD15.8,3D24.8////717)
WRITE(646600)
6600 FORMATI(' *426Xs*VARIANCE - COVARIANCF MATRIX',//7)
WEITE(6496625) MD2
6625 FORMATI(Y 'y 8X,'MO2=%,F6,24/7)
WRITE(6,6650) ((VAR(I,LJ), J=1,4), 1=1,4)
650 FORMATI(® %y 1X04D20.84/7/1 2X34D20C.847))
WRITE(646675)
E6TE FNRMAT('—%4// 427X *COEFFICIFNTS OF CORRELATION',///7)
WO ITE(6+668B5)((VR(1,J)y J=14N)y I=1,N)
6685 FORMATI(Y 'y 1X,4020.849//( 2X94D20.847))
Gn 10 1000
70C GO TC ( 710,705) o KOUNT
705 1% (KPARM LEQ. 4 ) GO TC 708
WRITE (A,7002)
T7G02 FORMAT(' %,28X,'ROTATICN CARAMETERS CONSTRAINED®,/ .
229Xyt~ Y7/}
e Ta 710 !
708 WRITE(6,7005)
7005 FCRMATI(' ',20X,"SCALE FACTOR AND ROTATION PARAMETERS CONSTRAINED?,
2/421Xy " ty//)
710 WRITE(6,7C10) .
701C FCRMAT(' ',13X,"SCLUTICN FOR 3 TRANSLATION, 1 SCALE AND 3 RQTATION
2 PARAMETFRSY . /,14X,! '
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laNaNeNaNeNaNaNeNeRaNelel

2,758, ¢ 1,7)
GO T0 (712,7144716), KPR
712 WRITE(6,7012)
7612 FORMAT(® *,34X,*(USING VARTIANCES ONLY)?',//)
GO TC 720
714 WRITE(6,7014)
TO14 FOOMAT(Y *,16X,
2Y(USING 3X3 BANDED DIAGONAL VARIANCF-COVARIANCE MATRIX)*,//)
G TR 720
716 WRITE(6,7016)
7016 FOPMAT(® ',24X,%(USING FULL VARIANCE-COVARIANCE MATRIX) %, 7/}
720 WRITE(&,7020)
TC2C FORMAT(Y ' ,16X,%DX%y 6Xy°DY'y 6X4'D2%y 7X,'DL'y 5X,°'OMEGA',
2T S59,'PSIv, 4X,*EPSILON®,/,
215X, *METERS?Y, 2X,*METERS?, 2X,"METERS?',1X,?(10.D45)%,1X,'SECONDS?*,
4TET7,"SECONDS Yy 2X 4o *SECONNSY, /) :
WEITF{6,7030) DX
TC3G FORMAT(Y " 412X sF7e292FB8429FB8421F9.24T554FB.2,F9.24//)
WRITE(&,704C)
7G40 FORIMAT('0Y 428X, *VARIANCE — COVARIANCE MATRIX',//)
WRITE(6,7045) MD2
T04S FORMAT( *,10X,"M02="4F6.2,/)
WP ITE(6,7050) (IVAR(T Yy J=1,T7)y 1 = 1,7}
TCEQ FOPMAT(Y 3 ,2Xs7011.3,//7(3X47D11.3,/))
WRITF(6,7075)
7075 FNRMATI(® *,/, 29X, 'COEFFICIENTS OF CORRELATION',//)
WRITF(6,7085)((VR{1,J), J=1,N), I=1,N}
TGS FOOMAT(Y ', 2X47D11.34//7( 2X97D11.3,/))
IF(IC.EG.0) GO TN 1060
WRITE (6,7090) .
GO0  FORMAT (*1%,//7//+36Xe*RESIDUALS V¥ ,4/ 436Xyt mmmmmmmmemt y [ /]
212Xy *FIRST SYSTEM® y33X,'SFCOND SYSTEM?,/)
KSM = NNN + 1
KMR. = NNN — 1 +KSM
WPITE (648006C) (A{I)y I = KSMyKMR)} .
FORMAT(® *,4Xy3F843922X92FB8.39/(5X33F8,3,22X43F8,.3))
IF (KCODE(3) LEQ, ©0) GO TO 1000

(o]
o

EE 2 SRR SIS 3SR 2222ttt a2t it i il s itdd PCE it

*¥%% ORTAINING CONSTRAINED SOLUTION FOR ROTATION PARAMETERS

R ERFRFFHF AR EE TG REEE R R EF IR TR E R AR F AR RR Rk Sk kR ko (CEkRkEk

CALL CSTRNTIN,NQ,IC,U,CN,CNT+TT,2ZP)
KCCRE(3) = 0
ne 725 1 =1 5 7 '
ax{n = XD(1)
DC 725 0 =1 4 7 .
VAR(T,J) = SIGMAX(I1,4J)
725 CONTINUE
NN 750 1 = 14N
IFII.EN.N) GO TC 740
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JJ =1 1

+

DO 735 J = 3J o+ N

VR(1,J) = VAR(I;J)/(DSQRT(VAR(I,I))*DSQRT(VAR(JsJ)))
735 VR{J,1) = VR(1,4)
740 VR(I,I) = 1.D0
750 CONTINUE

KOUNT = 2

MG 2 = $02

Go TO 200
1000 RETURN
END
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aNeNaNaNeleNaRaNasloNalaloNaNeNaNaNeNeRalaNe e N e NN

(el NaNaRaNalel

ook K Aok B 2 22211
xRk ) TEEREREE
ok kk ok ok ok ’ ’ 2EEREERE
tt*t*tt#<<<<<<(<<<***tttttt#tt#ttt#t*#tttt##tt###ttttt#ttt((((((((((##t#t‘tt
KERR KKK REEREREE
EERREEEK . ) EEREEREE
LA B LS SUBROUTINE SCALE biddadd il
¥ kkkkkk RESEEREE
opkkkkkE : Ea 22t 24
kdkkk ik ba 2 222 2 L
t##t###t((((((((((t*ttttt##t*t#ttttttt#tttt*##tttttttt#ttt((((((((((ttttt‘tt
xRy 2SR ES
X RRREEE EERRERRE
ok ok ok KKK FINDING WEIGHTED MEAN AND VARIANCE FOR RS
xRk YSCALE FACTOR®* BY COMPARISON OF CHORDS IN bad o 2ot g
TR EFERR THE TWO SYSTEMS BY CALLING SUBROUTINE *SCALE®, EAEREEE
T . : BRREEREE
R EE KGR : *EEEEREE
kxR EERREREE
TREE KRR L LR R AR R T RRER R R R R R R AR R AR ERRE B X R AR R X (L LR R R RS R E
Tk dokok L i 2 22t g
kR RREE bdd 22 g 2
Aok Rk ERERERRE
ERRRKRKE | EEREEERR

SUBROUTINE SCALE (NOsN,S,VSF,WT)

IMPLICIT REAL * 8 {A-H , 0-2)

DIMENS ION P(lZ.lZ).H(lZi,PF(é,b),PS(b,b).

2 HI(12)+DL(600),VI(600),%W1(600)

COMMON /SFAC/ SWoSFoDU,DV,DWyDXyDY4DZ4R14R2,PFyPS

RR R1 * R2

RT R2 /(R1%%3)
wee g o o ok .
ETTY 3T
I

LK I K B BX 3R JR 3K R JR BL BR AR JF 3 AN I R I N N NN 3

*kxdtrsx — SETTING UP OF VARIANCES FOR EACH CHORD THROUGH ERROR PROPOGATION

o ok ok
kR kkk
ok fokok Kk
H(1)
H(2)
H{3)
H(T)
H(8)
H(9)
DO 10 1
H(I+3)
H(1+9)
10 CNONTINUE
DO 15 1
pc 15 J
15 Pll,4)
Do 20 1
L
Do 20 J
M
P(I,d) PF(I,J)
20 P{(L,M) PS{I,J)
CALL DGMPRD (H,P,HI,1,12,12)
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OO0

OO0

CALL DGMPRD (HI HyWSs1412,41)

Aotk k%
Aokl Kk
ek 0 Kk A FINDING WFIGHTED MFAN FOR SCALE FACTOR OF THE GIVEN SAMPLE
oo Ao A e A
sk Aok ok
WS = 1.DO/US
WI(N) = WS
SF1 = R2/R1 - 1
DL{N) = SFI
SF = SF + SFI *wS
SW = SW + WS
S = SF/SHW
foxook ok ok ok
sl Ao ol A
Ao oKk ok
o e ook ok FINDING VARIANCE FOR THE WEIGHTED MEAN OF THE SCALFE FACTOR
g0 ok kol
e ok e e e ek
o ok kR
IF (N .NF. NC) GO TO 500
PVV = 0.0D0
DO 5C K = 1 4y NO
VI{K) = ({(S=DLIK) ) *%2)%W]I(K) .
EQ0 PVVv = PVV 4+ VI(K)
VSF = PVV/{SH%(ND=-1))
< = S * 10.D5
WT = 1.00 / VSF
500 RETURN
END
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[aEaRaNaNal

S e R R S o o b Rk ko K B R R R R AR R KRR AR K AR ER AR KERE AR RN
- *

¢ CSTRNT *

. ’ *

EE I i R e R S22 R 2222 R 22 2o 222 R R Rt R 2 Rt 222 222 ot IR LR 2

#xs% SUBROUTINE SOLVES FOR CONSTRAINFD CASE IN RESPECT OF 3¢
#x%x ROTATION PARAMETERS. CONSTRAINTS ARE CODED FOR 'ALL' THE
#kpk PARAMETERS —— BLANKS CARDS ARE NEFDED FOR NON-CONSTRAINTS.

w¥3¥ TNPUT CONSTRAINTS FOR Q0TATION PARAMETERS ARF IN SFCONDS OF ARC.

L IE I 2F 3 K IR K 2K J

sk o o X A ok 3 o o ok ook sk e ade afeole ol ol ok sk sk d ok ek o o ol ok o e ok o ok ok o e o ok ook ok ok o ke Ak ok ol o o ok ok X o ook Kok ok kokok
%o e 3 ok %k Aok . *kkkkkkk *
£k e de sk Aok : *kkkrkkg %

SURRDUTINE CSTRNT(NyNNIC WS oCNyCNT,TT,2P)

IMPLICIT REAL * & (A-H , 0=2)

REAL #* 8& MQO2,KC

DIMENSION XD(T)oWSIT) WX(T7),KC(4),

PWCHL4L) JLMUT) o MMIT) 4 PZ U4 44) oCNTITLIC)+GG(T97),

ASTOMAX(To7)oDXUT) o TKETY o TT(To1C)sCN{IC,7)42P(1C,IC)

COMMOCN JCRNT/ VPV,DX,S02,XDySIGMAX
COMMON /ANGLE/ WC,PZ
PII = 3.,141592653589793D0
RHC = 180.D0/P11
rHNOS = RHO * 3600.N0
WC(l) = WC(1l) / 10.D5
ne 23 1 = 2 ¢ IC
wCc(I) = WC(I)/ RHOS
22 CONTINUE
*%¥k SETUP CONSTRAINTS MATRIX SCN' REQUIRED FOR SOLUTION
o225 1 =1, IC
ng 25 J =14 N
CN(1,J) = 0,00
TT(Jds1) = 0.D0
2?5 CONTINUE
IF (IC .EQ. 4) GO TO 10C
nocsg 1 = 1, IC
nC 56 4 = 1 4 IC
G IP(1,3) = PZ(I+1l,J+1)
G T 200
1¢¢ RC 1S 1 = 1 4, IC
ne:1s0 9= 1 , IC
150 ZP{l4d) = PZ(1,4J)
20 DG 300 1= 1 4 4
J =1 + 2
Chil;J0) ==1.0

300 CONTINUE
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C #**% CCMPUTE NEW VARIANCE COF UNIT WEIGHT AND

nes2¢ 1= 1

NG 520 J= 1,N
CNT(JsI)= CN(I4 )

CONT INUE

1C

CALL MTPY(CNTZPyN,IC,IC,TT)
CALL  MTPY(TT,CNyN,ICoNsGG)

DR 522 1 =1 4 N
nros5z2 9 =1 4 N .
CGUI4J) = SIGMAX(1,J) + GG(1,4J)

CALL DMINV(GGyNyDTT, LM MM)
CLLL MTPY(TT o WCyNyICyl,WX)

D 52% 1= 1

v

N

WS(T) = {(WSUI) = WX({I))

CONTINUE

CALL MTPY(GGyWSyNyN,y1,4XD)

C #*%%% NFW VARTANC

C

S,
L)
wh

"
AN
2

c6C
1600

£

- COVARIANCE MATRIX

CALL MTPY(CNeXDyICsNy1,KC)

nGg %53 1 =1 4 IC

KC(I) = =KCUI)=-WC(])

CALL MTPY(PZKCyIC,IC,1,0X)
SUM = 0.0

0o S4C 1= 1, 1C

SUM = SUM + DX(I)} * WC(])
CUNTINUE

ATAY = VPV - SUM

sC2 = PVV/(NN=N+IC)

no 568G I= 1 4 N

ne SE0 J= 1 N

SIGMAX (14J)
CONTINUE
xn(4)

ne 554G 1
XN (T
CONTINUE
RETURN

END

b4

nnan

SO2%GG(1,J)

XN(s) * 10,05
5 4 7
XD(I) * RHOS

%*%%% SCLVE FOR EFFECTS OF CONSTRAINTS ON THF SOLUTION VECTOR
#hxs CETAINFDR FROM NON-CONSTRAINT SOLUTION
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OO DY O

laRe e NN ef

ERRAXFIRXAEEAFERRERF R AR R AT SRR VAR SRR ERR KRR KT R XRR AT RSB AT RR RN RN R TR AR ER SR
SETUP
#¥%% SETUP MATPIX B'TP —- Ml -~ AFTER RFADING VARIANCE

*¥%% COVARTANCE MATRIX FOR £ACH POINT SEPARATELY AND
=xakx THEN STORING THF ELFMFNTS SO FORMED IN THE PROPER PLACE IN "MI?,

LR 2R 3R 3 JE % 2%

MR BF A YRR R AR SRR D ER RN FEEF AR AR R B AR R R E R AR BRI F SR EE R R E KR CREHE

SURROUTINE  SETUP (ND,NN, 1PARA)

IMPLICIT REAL #*8(A-H,0-2)

REAL * 8 MINK

DIMENSION FR(346) sBT{643)4PI{6+6)+PK{3,3),
2XM{2,2) 4, XK(3,6) yMINK(240G),LM(3),MM(3),KCODE(15)

COMMON /RES/ BRI
COMMON /AFIGHT/ MINK
COMMEN /CODE/ KCODE
xk¥ SETTING UP MATRIX B¢ WHICH WILL BE SAME FOR ALL SOLUTION
NV = NN*3
ne 81 =14 NV
MINK(I) = 0.00C
& CONTINUF
b l1e 1 =1 4, 3
DOLID U= 1 4 6
E({l,J) = 0.D0
XK{1,J) = 0.D0
10 CONT INUF
E(l,y1) = -1.D0
R(2,2) = ~1.D0
8(3,2) = =1.D0
2lls4) = 1.00
R(2+5) = 1.Db0
8(24A) = 1.00
DC 12 1 =1 4 3
CO 12 3 =1, 6
AT{(Jyl) = B(1,Jd)
12 CONTINUE
270 1 1 =1, 6
1R 9= 1, &
PI{l,J) = 0.D0
15 CONTINUE
D 2C¢ 1-= 1 4, 3
e ze =1, 3
XM{l,J) = 0.DO
20 CONTINUFE
KMS =0
1F (KCODF(14) LEQ. 1} GO TO 65
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IF - (KCODE(B) .EQ. 1) GO TO 54
Do 40 L 1 o NO
DC 39 J 1 +3
READ(5438) (PI(JyK)y K=1,3)
38 FORMAT(3F5,.2)

39 WRITE (2) (PI(J4K) 4 K =1 4 3)
40 CONTINUE
DN 52 M = 1 s+ NO

DO 44 J = & 4 6

RFAD(5,42) (PI(J,K)y K= 44 6)
42 FORMAT(3F5.2)
44 CONTINUE

DO 45 1 = 1 , 3
DD 45 J = 1 4 3

45 PK(I+J) = PI(I+434J43)
DO SO 1 = 1, 3

50 WRITE(1) (PX(IsJ)e J=1,3)
52 CONTINUE

REWIND 1
REWIND 2
Gh TO 65
54 DO S8 M = 1 4 NO

. READ (5,55) (PI(1,1} 4, I= 1,3)
55 FORMAT (3F10.2)
DO 56 1 = 1 4 3
56 WRITE (2) (PI(I4J)y J=1,3)
58 CONTINUE

DD 64 M = 1 4 NO

READ (5,55) (PI(141) 4 I= 4,46)

DO 60 J = 1 4 3

DO 60 K = 1 4 3
60 PK{JyK) = PI(J+3,4K+3)

-Dp 621 = 1 4, 3
62 WRITE(LY (PKU{IsJd)ly 4 = 1,3)
64 CONTINUE

REWIND 1

REWIND 2 -
65 DO 100 1 = 1 o NO

KMS = (1-1)%9 + 1

*%%k READ IN VARIANCE -~ COVARIANCE MATRIX AS BLOCK DIAGONALS
%%k OF (6,6) MATRICES FOR EACH POINT USED IN TRANSFORMATION.
*x%x% MATRIX *'PI* IS BUILT UP POINTWISE - FIRST (3,3) BLOCK
*k¥* REFERS TO SECOND COORDINATE SYSTEM AND SECOND (3,3) BLOCK
*%%% THEN CORRESPONDS TO FIRST COORDINATE SYSTEM,

DO 70 4 =1 4 3
READ(2) (PI{JsK)y K= 143)
70 CCONTINUE
DO 74 L = 4 4 6 )
READ(1) (PI{L,M)y M=4,6)
74 CONTINUE
CALL MTPY(ByPI9346969XK)
CALL MTPY(XKyBT43,64+39XM)
CAaLL DMINV (XMy3,DETyLM¢MM)
MINK(KMS ) = XM(1,1)



100

MINK(KMS+1)
MINK (KMS+2)
MINK(KMS+3)
MINK (KMS+4)
MINK (KMS+5)
MINK(KMS+6)

MINK (KMS+7)
MINK (KMS+8)
CONTINUE
RFWIND 1
RFWIND 2
PETUPN

END

oW H NN Y

XM(2,1)
XM(341)
XM(1,2)
XM(2,42)
XM(3,2)
XM(1,3)
XM(243)
AM(3,3)
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aEalaNeNaNaNnkel

PTTI ST 220 AERAREEK
ko ko Ak okk ) ’ . RERREEER
# R ok Sk : ' ARERKS XL
Ao X L ER R R Aok ok kR kR AR KRR R WK RE AR R KR L CCCLLCL L CRRRERE KR
o ook ok Rk Kk ke
Aok ok kAKX o La i 2l 24 L]
SRR L L SUBROUTINE *RESIDUE® ' , | EERERERR
0 X2 K KK L P22 222
e dk ke e ek T AEREEERE
Al kk AR (LR RRE Rk SRR AR R R R ER R R FRREERE AR KRR CLCLCCLCCCRRRRERRR
ok ek ok (21212234
Ao ook B 3k C RRRERE kR
LR I a L THIS SUBROUTINE COMPUTES RESIDUALS FOR EACH EREEEEEE
R AR KK SYSTFM CONRDINATES (USED AS OBSFRVATIONS) . ERRRERES
o ok Aok o e xkkkktkE
L2 23 233 33 Ak kkkkky

AR ERFECLCCLCLLLCKHRRR IR AR AR AR AR EREREEF AR R R FR AR RL LSRR ERARR
AR EE L CLLLLL TR REBEAA R KA AR R AAR KRR KAEARRAR KKK RE KL L CLLLLCLLCE R AR RS

2ok A ook ok ek kkkkkk ikt
EE 223 33 21 Ekkkkk kg
oo ook X XX SRRk E k%
e ok ok *RREREEE
Aok ok ok Bk % kkkEkkERS
e gy o X oo 2 2 233323

SUPRCUTINE RESIDU (ND 4 NNN)

IMPLICIT REAL * 8 (A-H , 0-1)

DIMENSINN NSTAL(35)oKSTA(35) yUVHI(3543)4MM(6),BT(643),LM(6),

2 XYZ(3593) ¢A(3600) ¢W({1200) 4PT(64+6)+sKCODE(15)4BS{6,43)

COMMON /RES/ BT

CGMMON /CODE/ KCODE

COMMON NSTAeKSTA NN NM UVHW XYZ AW

pt 5 1 = 14 6

ne 5 J = 1 4 &
8 PllI,Jd)} = 0.DO

o251 = 1 4 NO

JJ = NNN ¢+ (I-1)%6

nc 10 9 = 14 3

L = J + 3
oo B o %
g 2 ook kK REANING VARIANCE - COVARIANCE MATRICES FOR
ook ko XX THE FIRST SYSTEM ~-— POINTWISE -—— AS (3X3)
L2223

RFAD (1) (PI(LsM)}y M = 4,6)
hdok ko
wok ek F kK READING VARIANCE -~ COVARIANCE MATRICES FOR
Ao o ok ek THE SFCOND SYSTEM —= POINTWISE --~ AS (3Xx3) .
(2233 24 s

gEAD (2) (PI(JyK)y K = 1,3)
1¢  CONTINUE -
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CALL DGMPRD (P14BTyBSy6496,43)

ek ok *RERR A%
Fa kA dkEE (LR AR AR R ERERERRERERRERRRAEEREEE FXERNELLLLLLLLLLCRRERRR R
L3S S L 3] R ERER RS
CREEEEFER : COMPUTING  RESIDUALS Lt il il
s ook e e ok RERRRBRE
HEAHBEBRC(LCCLLLLLLCEB ARG AR R ERR R R RS ARG AR R R AR R R RAAE EFREF R (L LLLLL LR R KRR K%
ok %ok ok ok Ed 22 22T 20

N0 1S K = 1, 6 -

KK = JJ + K

A{KK) = 0.DO

KM = (I-1) * 3

o 15 o= 1, 3

KM = KM + 1
15  A(KK) = A(KK) + BS({K,L) * A(KM)

Dn20 L = 1,3

LL = JJ + L

KM = LL + 2

WL) = A(LL)

A(LL) = A(KM)
20  A(KM) = WL}
25 CONTINUE

REWIND 1

REWIND 2

RETURN

END
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[ T BEer B Bn Be e Miom T B B BEGD SN TR Vo Mban

. A
HRFARY K A AR RER R EREE AR AR ER AR ARG R RX IS TR RAE R KA EREREX B SRR RN R R E R R SRR R REE

%
DARRAY . . *

. o *
FREEFRAE AR T RE KRB A G RD KR Y GRS AR R ST REERRRERE R R R R R AR R AR TE PR F SRR R%
*

#%%% SUBROUTING SETS UP A VARTASLE DIMENSIONED MATRIX IN *
k%% PINPre STNRAGE MNNDE AS RFQUIRFN 2y ¢ SSp LTBRARY? *
*

AR EANKAE A EERR IR RRES X R R R AR AR AR KR EF R AR R XD RRRE R T ERRRFRYRRRER X R R NE
*

SUSRKCUTINF DARRAY(MODE 1 4JeNeM,yS,yD)
IMPLICIT REALSE(A=H40=7)
NIMENSTION S{1),0(1)
Nl=N-1
JF(MIPrE=1) 10C,1CC,120
100 TJ=13Uu+1
NM=N*2J+1
DC11C K=1ed
NM=NM-N]
20 110 L=1,I1
1J=1J-1
NM=NM—~1
11 N(NMYI=S(1J)
o0 TC 14C
126 1J=0
NM=(
Ne 130 K=1,4
ne12% L=l 1
1J=1J+1
NM=MM+]
125 S{IJY=D(NM)
120 MM=hMeN]
O RFTURN
END

I
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PRI e R 2 e T e e eI e S 222 it i<l

*

*

MTPY *

*

*

R R gk ok o ok g ok kRl Rk g Aok o o B ok Rk R R R R R R kR Rk kR AR RN
*

*

#%%x MULTIPLY TWO MATRICES ~— FINAL QUTPUT IS A MATRIX. *
*

3

s ok ok ok o o oo o ol s o o o e o ool oo ol ok ok R0l R ol ot ok o R koo ok R Rk kR Rk Rk k kR ok kAR (R EK

SUTRCUTINE  MTPY(AMT ,BMT M1 ,M2,M3,CMT)
IMPLICTIT REAL %8 (A-H,0-2)
NIMENSINN  AMT(M1,M2) 4BMT(M24,M3)},CMT(M]1,M3)

PRIC 1 = 1 4 MY
SO0 e g = 1, M3
CMT(1,J) = 0.0

ne oIt L= 1, M2

1G CMTUT,d) = CMT(I,J) + AMT(I,L)} * BMT(L,J)
LETUMN
cnD
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APPENDIX II

/7 (2500,100),CLASS=C :
//STEPL EXEC PROC=FNRTRANG,PARM='MAP,ID', TIME.CMP=(0,30)
nn s

//CMPJSYSIN

/ o

FORTRAN PROGRAM DECK.

//STEP2 FXFC-PRﬂC=RUNFDRT,PARM.LKED='OVLY,LIST,MAP',TIMF.LKED=(O,é0),

// TIMESGN=(3410)yREGINN.GN=252K

//LKEDSYSL
//
//LKEDSYSL
//7 DD
NVERLAY
INSERT
OVERLAY
IMNSERT
VAS
//GO.FTOLFO
7/
//GO.FTO2F0
//
//GN.FTO3FO
//
//GO.FTN4FO
7/
//GNLFTNTFO
//GOLSYSIN

IB

IN

01

01

01

01

01

DD DSNAME=SYS1.FORTLIBsDISP=SHR
DD DSMNAME=SYS2.FORTSSP,DISP=SHR . '
DD DSNAME=%¢STEPL.CMPoSYSLIN,DISP=(0OLD,DELETE)

ALPHA

EULERS,SCALE

BETA :
TEORMyRESIDU sMTPY s SETUPsCSTRNTy DARRAY

DN INIT=SYSDA,SPACE=(CYLy{(191)),NISP=(NEW,NELETE),
PCR=(RFCFM=VRS,LLRECL=600,BLKSIZE=604)
DD UHIT=SYSDA,SPACE=(CYLy(151)),DISP=(NEW,DELFTE),
DCR=(RFCFM=YBS,LRECL=600,BLKSIZE=604)

ND UNMIT=SYSDA,SPACE=(CYLy(1y1))yDISP=(NEW,DELETE),
DCR=(RECFM=VBRS,LRECL=6004yBLKSIZE=604) :
np UMIT=SYSDA 3 SPACE={CYLy(1y1))sDISP=(NEW,DELETE),

DCR=(RECFM=VBS,LRECL=600yBLKSTIZE=604)
ND SYSNHT=R

np =«

DATA DECK -
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