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1. INTRODUCTION

' The coordinates of several tracking stations tied to the NAD datum were
computed at OSU through available obse>v\ations to the GEOS-I satellite,
Up to date results of the NA6 adjusiment [ Mueller et al., 1969] and NAS
adjustment [Mueller and Reilly, 1971} had been presentéd. The latter
solution was performed using height conétragnts deduced from the SAO-69
geoid [ Gaposchkin and Lambeck, 1970].

Recently a new detailed geoidal map w.ith claimed accuracies of £+ 2m

(on laﬁd), based on gravimetric and satellite data, was presented I Vincent,
Strange and Mérsh, 1971]. With the new geoid and the orthometric héights
given in [NASA, 1971] more reliable height constraints were calculated

and applied.

The basic purpose of this experiment was to compute the new solution NA9

by defining the origin of the system, from the point of view of error propaga-

tion, in the most favorable position applying "inner constraints" Blaha, 19717,
and imposing new weighted height constraints to all of the stations. The

major differences with respect to formerly published adjustments can be

seen in Table 1.



2. THEORETICAL BACKGROUND

2. 1 Normal Equatlons for Optical Observatmns '

The set of optlca.l observatlons from MOTS .and PC-1000 data had been

prevmusly screened [Mueller et al, , 1969] and a set of reduced normal

equatlons of the form

obtained. The same symmetric coefficient matrix was used. This is

composed of 3x3 blocks of the form [Mueller 1968]

Ny = EMkJ - EMka (Z;Mul)1 Mg + Py

3x3

Nkl = "ZMkJ (EMill)-l My, .
1 1

'3x3
where
My = By Pij By
1 o .0
By = SRg (-0) Ry (-90°+8)| 0 -cosé 0
S 0 o -1
S = Solar motion matrix = Ry(- xp) Ry (-y;) R (Sidereal Time)
and |
K, 1 denotes particular groxmd stations
1 denotes particular simultaneous event
1 denotes any ground station participating in an event
b is the summation over all ground stations involved in event j
b ) ' '
z is the summation over all events observed by ground stationx and/or 1
-5 | _
P weight matrix associated with any particular grdund station
3x3 : o _ v
Py, weight matrix of any observed direction
3x3 o
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Finally, the vector of constant terms is expressed by
: U = -DMJ TX - (EM,)) M X7 ]

where as usual, the superscript (°) denotes initial approximate values,

2.2 Normal Equations for Range Observations

. The general form of the normal equations similarly to the optical case

can be formulated as:
NX+T=0
where the 3x 3 blocks in N are now computed by [ Mueller, 1968]

Nex = z'a;rcd {)\;J Ay ‘25\54 Pkj j rzaTu Py au]_l atTca Py 3y
3 o

3x3 M

N = T T. o i1 1 =
Ney = -Z (a3 Diy aq (Say; Py agy)” ayy Py ay ]
3x3 J. i

and the vector of constant terms having the form

L U, = -Zagy puy Vi

wh:erev
A\;k s = Residual of any observed range from a particular station
(resulti_ng from a preliminary least squares adjustment
of any simultaneous event with the stations held fixed)
P,y = Weight of any observed range r,,
omex wew z3ozg
1) (3] ’ [9) s o
Tyy Ty Ty
and

X°, Y°, 7° = Appropriate Cartesian coordinates in the average

terrestrial system.
Other subscripts and symbols have the same meaning as in the case of

optic al observations.



2.3 Constraint's Contributions to the Normal Equations

Two alternative definitions exist for the term "constraints"; The
absolute constraints represent certain conditions which have to be ful-
filled exactly and with no uncer"cainti’es- and the relative constraints (or
weiéhted constraints) which have the same characteristics as the observations,

In general the contribution of the functional constraint equations
GEX, L) =0

to the normal equations can be found bordering the normal equation matrix

from where after elimination of K¢ _ it is easy to find
an-l +CI\ PCn Cn]Xn + Un—l + C;PCD W, = 0

or

{Nn—l + N(i\]Xn + Un—l + U: =0 . (1)

4

where N, and U5 are the contributions to the coefficient matrix and
constant vector Ofl the normal equation due to the application of constraints.
‘The coefficient n-1 rep‘resénts the normal équations of the previous set
(without constraints). |

'After the constraints are added the normal equations will take the
usual form

N, X, + U, =0

and we are in the position to thain thécontribﬁtion from a new set of consfraints.
C‘onétraints can be applied between two stations k and1 or to a single station.

The contribution of these constraints to the matrix N (3x3 blocks) and

U (3x1 blocks) Qaﬁ be schematically expre'ssed in two different ways,

Assuming that the matrix P is always diagbhal' it is possible to express:



a) Contribution to the normals due to the constraint applied to station k.

PC : Ck

ITTI<,

Cc' [C'R N

Ck P Ci

Z
It

C

's:.h.
It

CJ PC W:'C

-
b) Contribution to the normals due to the constraint between stations k and 1

P Cy C

Tos

=Cf P Ce; N, =Cy B C,

£
)

h
i

C;PCWC; U‘cl =CIP¢WC

N, (2)

These blocks obtained as indicated above for the corresponding case
will be the only ones computed 'andA added to the original normal equations

as expressed by formula (1). .
2.31 Relative Position Constraints -

Relative position constraints were used in order to combine the normal

equations from the optical and range mode. The relative constraints used



and their weights are given in Table 1, The éxpression for the combi-

nation of normals can be written as follows.

[N+ N€]X + U +U% =0

N o U
or |+ NF X +| |+ Ut =0
0 N U

where N and U¥ computed from (2) are the contribution to the original
normal equations (NX + U = 0).

In this case the functional constraint equations are

X - X, =X
Y. - Y, =AY

Z. - Z, =NMNZ

Therefore:
ce =1; c¥ =-1
3x3 3x3 3x3 3x3
and UF =0; U¥ =0 because W =GX; Ig)=0
3zl 3xl
where ¢ ;
1
O'Ex 0 0
P 1
e 0 va 0
1
0 0
%,
RC
3423 3x3
Nn = IPRcI = PRC
3x3 3x3
ki = Nk = IPg (-]) = ~Py
3x3 3x3 3x3



Thus, the diagonal elements of Py are added to each element of the
diagonal of the blocks kk and 11 of the matrix of the combined normals

N, and subtracted from the diagonal elements of the blocks kl and lk

of N. There is not contribution to the vector U.
2.32 Length Constraints

The range observationsv introduced scale into our adjustment., In
addition to the SEC OR scéie, a distance constraint was imposed bétween
stations 3861 and 7043, whose updated Cape Canaveral datum coor-
dinates were derived from the high precision geodimeter traverse in
the eastern United States. Due to a recent correction in their coordinates
a difference of 3m from the previously used value (see Table 1) was taken
into consideration [ Meade, 1972].

The functional constraint equation is
G'X, Lew = 0 or

(X, - X)°+ (Y, - Y)? + (2, - 21)2]% =L

o X oweow ozeeze]
3l L, ’ I ' 14? 1 1 '
- . N
X2 - X3 Y -Y Z2-2°
oM = |- 2k 1 - x W% 1
3 xll 131 Ifl I-k 1
= ke
and pi = a2 ‘0f, = Variance of the chord
o 0 05 = A priori variance of unit weight

Then the contribution to the normals are obtained applying (2)

Nk = (Y Pw M

3x3

CH CHy T CH
Nl = (CV) P C§
3x3

H CHyT ]

k1 = (Cy)) Py C
3x3
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U = (@) By W
3x1
wr

3x1l

(€Y Py W

H

The first three expressions in the above are added respectively to the
blocks Ny, N;; and N, of N; the last two expressions are added respectively

to the constant vectors U, and U,.
2.33 Height Constraints
If the height of the station k is to be constraint, then

N;:k = (CE)T Py CE-

3x3
where
¢! = [coses cos), cosep sin)g, singy )
3x1l )
and
P 1
H T T2
Ohy

-

where ¢, and ); are the approximate geodetic coordinates and o,
is the variance of the height for station k (see Table 4).
The constant vector U" can be computed from .

H

u = () P, W" where

W"= b - b
At all stat}ons a weighted height constraint was imposed in order to
provide a valuable strengthening to the geometric network.
After the completion of the previous adjustments (NA6, NAS8), a
new geoid (see Figure 1) became available { Vincent, Strange and Marsh,
1971), With the interpolated geoidal undulations for each station and their
orthometric heights given in [NASA, 19717 reliable height constraints

were computed by an iterative process self-explained in Figure 2 and

summarized below.

-10 -



AX =-41,1m
AY =189.3m
ANZ =158.0m

Initial
Shifts

SAOQ - NAS

NA8 = SAO
(XO’ Yo’ ZO)

Program
"INVTRF"
©os Ao, ho

h* = H+N

(X*, Y*, Z*)

Program

"DIRTRF"

i+1

o

Program
"DATMTR"
NAS8, - NAS8

NA8 - NAS,

(Xi_'YU Zy)

Program
"INVTRF"
(01. Ay by

Program

"DIRTRF"

XH-U YX-H’ ZH—l

SAO - NAS

it

(SAO-NAD) + (NAD - NAS)

NA8 - SAO

NAS + (SAO - NAS)

X6 (a, b)sso %

Yo Xo
Zo ho

N = undulations interpolated from geoidal map in
[ Vincent, Strange and Marsh, 1971]
H = orthometric height from NASA, 1971 |

©o] (a,b)sac [ X*

Ao Y*
h* YA
(X’Ys Z)NAG
(X,Ys Z)NAai A}-(i,AYi’AZI

(}(*sY*, Z*) = (X9Y’Z)N‘A81

NA8 >NA8, = NAS + (NA8, - NAS)

X7 (a,b)spo [0y

Y, |————]| 3,

Z, by

017 (a,b)gao Xm
Ay | Yy
h* Ly

Figure 2

-11-~ .



10

' 11 (NPH. =

12 [AN = N, -‘ N |

13

14

16

ls

i7

Program -

. "INVTRF"

Og415 Ags1s Ny

hy, - HJ

X1 (28,b)sa0 [ O

Yoy | =] Aisi

Ly by,

2AN =0 ®
T
"Geocentric'"
(HGC")

Coordinates |

(X’ Y, Z)« v.

Program : AZ = . 44,8m
"DATMTR" & Yy Z)wo } AY = -144,8m
naD - igor | & Y P AZ = -209.8m
"GC'"- NAD .

(;( ? 2) NGoTe NAD = '-'GC"*'(NAD" f”GC")
Program X (2, b)yao ®

"INVTRF" Y |———| X

©, X, h Z h

©

Figure 2 (continued)
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18

Re: Table 4

19

Re: Table 2

20

21

23

Re: Table 3

23

R4

¢

New Height

"Constraints

h

Program.

"OSUGOP"
Solution of nor-|

Inner Constraints

mal equation
resulting in

Relative Constraint;

X, ‘Y’ Z)we

Program

"DATMTR'"

NAD - NA9

NA9 - NAD*

X,Y,7)

Program
"INVTRF"
‘Ds )\-r h

 Program

"DATMTR"

"GC'' - NAD*

NAD* >"GC ™

-

Length Constraints

S AX =.-6.7Tm
(X, Y, Z)us } AY = 0.9m
(XvY,Z)NAD 0.4 m

pZ =

NA9 >NAD*= NA9 + (NAD - NA9)
' (NAD* denotes satellite determined
coordinates in the NAD system., )

X (a’ b)NAD @

Y |——s]

zd . h

: AX = -51.Tm
(X’Y’Z)N“’*} AY = 144.1m
(X’Y,Z)GC AZ =

210.5m

| NAD*¥->"GC'" = NAD* + ("CC" - NAD*)
(Xc'v ,YGs ZG) 1 .

Figure 2 (:oﬁtinued}
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P

25 Program Xs1 (2. b)sno [
"INVTRF" Y, A
©s» Ag» bg Zg b,

Re: Table 4 * [ Ne= h - H|

Figure 2 (continued)

From the initial values of the shifts SAO-NA8 (computed using the
published shifts SAO-NAD and NAD-NAS8 in Mueller and Reilly, 1971]),
the initial NA8 rectangular coordinates were shifted to the SAO-69
origin and geodetic coordinates (©o, Ao, ho) computed.

Ellipsoidal heights h* then were calculated for each station using
the undulations (N) from [Vincent, Strange and Marsh, 1971] (except
for stations 1033 Fairbanks, Alaska and 3404 Swan Island whose undu-
fatiéhé .w':ére 'i‘nt.erpplated from the SAO-69 geoid), and the sea level
heights from [NASA, 1971], With the original ¢, and A, and with this
new height h* a new set of rectangular coordinates (with origin nearer to
the geocenter) was obtained (X* Y* Z*). From this set of coordinates
and that of the NA8 new shift parameters (AX,, AY,, AZ,) were computed
and used to transform the NA8 set into NA8,, which is nearer to the geocenter.
Following this procedure itergtively, several shifts of this kind to the ""geo-
center" were performed until the sum of the undulation differences with respect
to N approachéd zero. Through this process a "best” set of geocentric
coordinates (GC) was obtained. Using these and the NAD coordinates of
the stations, the shift parameters NAD-GC were calculated which when
added to the GC coordinates resulted in Cartesian coordinates in the NAD
system. From these the heights —ﬁ, to be constrained in the NA9 solution

were computed (see step 18in Figure 2 and Table 4)..

-14 -



2.34 Inner Constraints

Unlike in the NA8 adjustment, "inner constraints'" (free adjustment
technique) were also imposed in the NA9 solution in ordef to define the
origin of the system in its most favorable position from the error propagation
point of view [Blaha, 19717,

The functional inner constraints equations can be written as

CIX =0
- where
100:100: :100
ct =lo 1 010 1 Q0tee-10 1 0O
I I |
06 0 1,0 0 1, i0 0 1

- and C! has as many 3x3 unit blocks as unknown points. "X is the
set of corrections of the approximate coordinates of the unknown points.
As it is known the "inner constraints" condition yields after the adjust-

ment
Trace (L,) = minimum

where 2, denotes the variance-covariance matrix of the coordinates of the
ground stationé following that the "inner adjustment' is the pseudo inverse
solution by definition.

In the most general appliéa_tion when the "best" origin, orientation and scale are

sought the matrix C' has the form

A 1 : : :
L At
ct 0 27 -yilo z3 -v5I
c! =|Cij=|-27 o Xx° :-zg 0 XS,: .
Gl | ¥ % 0 ;vix3 o |
X % oz x v |

-15-



where as usual (°) expresses the approximé.te coordinates of the points,
If we represent the normal equations with the contribution of all the

constraints (except inner constraints) by
IN+N® +N" + N]x+U+0+U"+ 0" =0 or
NX+U =0
then the inn_er adjustment .- can be obtained By bordering the coefficient
matrix N of the normal ve'qhati‘ons as
N Yyl x -U

¢t o |-K:| | o

Upon the addition of any kind of constraint to the normal equations, it
becomes necessary to consider also its contribh'tiqn' to.ZV'PV. The degrees
of freedom change as well, -In order to compute the propér variance of

~unit weight the latter must be taken into ‘con_sideration.

-16-



3. THE SOLUTION

With the specific constraints mentioned above the NA9 solution was computed . . -
using the general OSUGOP program (from step 19 down in Flgure 2) I'Rellly
et al., 19727,

The coordinates of the NA9 solutlon are presented m Table 2 w1th their ' _
corresponding standard dev1at10ns. . The coordinates transformed to the NAD . )
are shown in Table 3. |

Table 4 presents the constramed he1ghts (h) used at each statlon, the fmal
undulations (Ni) and their differences (AN), compared with those pubhshed in
['Vmcent Strange and Marsh 19717, (For the procedure see steps '23 to 26 in
Figure 2). In column AN and in parenthe31s, the differences pubhshed prevmusly
in [ Vincent, Strange and Marsh, 1971] are also shown. It can be seen that only - . N
two stations show substantial disagreements (3903 Herndon, .Virgini'a and 3497- '
Tvrin;i'dad). It seems likely that the orthometric height as given in !f‘NASA, 197 1]‘
for station 3903 has a gross error, The discrepancy with respect to statiOnv3.407
may be due to the fact that it is situated in the Caribbean, where large geoidal

gradients being present, the interpolation is uncertain.,

¢ 4., COMPARISON WITH OTHER SOLUTIONS

- Table 5 summarizes the transformation parameters (systematw dlfferences)
‘between the NA9, the "GC", the NAD and the SAO systems (the latter from
FGaposchkln and Lambeck 1970]). Two sets of parameters are listed, The
fu'st was obtained through the assumptlon that only translation exists between the
sets of coordinates. The second set presents the’ general seven parameter solution.
In this latter transformatmn, first the rotations were computed from dlrectlon
cosines independent of the origins and scales, The scale factors were calculated

from the chord distances independent of the origins and orientations. These- :

-17-



parameters (rotations and scale) constrained with their variances were used
in the solution for all seven parameters [Kumar, 1972]. Tables 6 to 9 show
the constrained solutions with the resulting variance-covariance matrices

and the correlation coefficient matrices. In the variance—covariance matrices

the angular units are in radians,

5. CONC LUSIONS

The solution for the station coordinates (Tables 2 and 3) appear to be
completely valid. The standard deviations of the coordinates are all acceptable
being more realistic than those of previous adjustments espécially,in the geodetic
heights, The obtained origin for the "GC'" system seems to be very near the

geoéenter, despite its geometric deviation.

-18-
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Table 4

' Height Constraints and Undulations

(all units in meters)

. Constraints ) N
Number " Station h On | Nec * yVincentetal,,1971]] AN
) 1021 |Blossom Pt., Md. 9| 3 |- 27 -26 -1 (-1
1022 |Fort Myers, Florida - 23 | 37 |- 16 -18 2 (1)
1030 |Goldstone, Calif. 898 | 3 |- 23 -27 4 (9
1032 |[St. John's, Nswf. 102 | 5 [ 12 13 -1
1033" {Fairbanks, Alaska 145 |10 16 . o
1034 |E. Grand Forks, Minn.| 251} 3 |- 13 -18 5 ('11)
1042 |Rosman, N.C. 916 | 3 |- 23 -22 -1 (-3)
3106 |Antigua, W.I. 121 3 |-45 -40 -5 (-2
3334 |Stoneville, Mississippi 491 3 |- 20 -19 -1
3400 |Colorado Springs, Col.| 2184 | 5 |- 4 -10 6
3401 |Bedford, Mass. 89 5 | - 27 -21 -6 ,
3402 [Semmes, Alabama 84 3 1-21 -18 -3 (-12)
3404 |Swan Island 79 | 7 |- 32 |
3405 |Grand Turk, B.I. 0| 5.}-51 ~47 -4 (-27)
" 3406 |Curacao, N. Antilles 44 5 |- 30 -26 - 4
| © 3407 [Trinidad, Tobago 285 | 5 |- 50 -34 16
f 3648 |[Hunter AFB, Georgia 19 | 3 |- 19 -24 5 (- 5) |
3657 |Aberdeen, Maryland T 3 |- 217 -26 -1 (- 4)
3861 (Homestead, Florida 16 3 |- 22 -22 0
3902 |Cheyenne, Wyoming 1882 5 |- 8 -10 2
3903 |Herndon, Virginia 132 3 1-100 -26 -4
5001 |Herndon, Virginia 132 | 3 |- 27 -26 -1
5333 |Stoneville, Mississippi 45 | '3 |- 17 -19 2 .
5649 |Hunter AFB, Georgia. 23 | 5 |- 23 -23 0
5861 [Homestead, Florida 22 | 3 |- 27 -22 -5 (- 5)
7036 |Edinburg, Texas 72 3 |- 8 - -11 3 -
7037 |Columbia, Missouri 270 3 |- 17 -24 7 ( 10).
7039 |Bermuda 26 | 3 |- 38 -36 -2 (-2
7040 |[San Juan, P.R. 57 | 5 |- 40 -41 1 (' 5)
7043 |Greenbelt, Maryland 56 | 3 |- 30 -26 - 4 (-15)
‘ 7045 |Denver, Colorado 1787 3 1= 7 -10 3 (16)
7072 |Jupiter, Florida 26 | 3 |- 23 -24 1 (1)
7075 [Sudburg, Canada 276 | 3 |- 28 -31 3 ( 20)
7076 [Kingston, Jamaica 473 | 3 |- 20 -23 3 ( 20)

*The '"'geocentric" coordinates were obtained from the NA-9 by adding the

following shifts: AX =-51,7m, AY = 144,1m, AZ = 210.5m,
* Undulations from SAO 69 geoid.
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Table 5 E

Transformation Parameters

NA9-NAD NA9-"GC" NA9-SAO "GC'-NAD
No Stations | - 28 34 11 i 32
6. |AX(m) | 6713 | 5L70.7 | 35.3%26 |-44.8 %13
&8 |AY(m) | -0.2 1.1 |-144,1 + 0.8 [-148.3 + 2.6 144.8 + 1,1
o * AZ(m) | -0.4 £1,2 |-210.5 £ 0.9 [-175,0 £ 2.6 | 209.8 % 1,2
N ‘ AX(m) | -3.5 2.4 | 40.0 +1.6 25.9 * 6.6 -38.0 % 2.2
G |AY(m) |-18.4 £ 2.5 |-142.9 £ 1.1 |-200.7 £ 7.9 125.5 + 2.3
g. AZ (m) 19.1 £ 2,5 -204.1 = 1.5 {-172,5 + 7.6 226.7 + 2.3
% 8,(") -0.83 £ 0. 06 0.34% 0,04 | -0.62%0.19 ~0.36+ 0. 06
g 16y 0.53% 0.05 | -0.20 0,03 0.14% 0.16 0.83% 0.04}
g B.(") | -0.14%0.08 | -0.21% 0.05 0.94% 0,24 | -0.10% 0,07
T lex1F)| -4.23% 0.32 | -0.15%£0.05 | -6.90%1.20 | -4.04% 0.29

*Rotation and scale factor parameters constrained.
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Table 6

TRANSFORMATION PARAMETERS: - NA9-NAD

Scale Factor and Rotation Parameters Constrained to Independently Determined Values

05730401
0.1230+01
0.1920+01
f0;3740—07
0.526D-06
0.2720-06

—0.3650-06

0.100D+01
O.ZOSDfOO
0.32604+00
~0.493D0-C1
0.7230+C0
(t.489D+30

=G .400D+00

AX AY AZ < 8, 8, 6x
METERS METERS METERS (10.0+5) SECONDS  SECONDS SECUNDS
~3e51 -18.306 19.09 ~i4 o3 -~ .83 De53 —(Uela
VARIANCE — COVARIANCF MATRIX
0al230401 0.1920+46]1 =0,3740-07 €.5260-06 0.2729—06 -0.36%0~Co
0.6060401 G.7240+00 5.5120-C6 (222006 0.7580-07 —0.506D-06
Ce724D400 0.606U+01 —04364D-06 0.2900-06 0.9240-07 -0.735D-06
0512006 ~0,.364D-06 $.1000-12 ~0.8390-15 (.383D-17 0.1030-14
0.2220-C¢6 0.290D0-06 —0.8290-15 0.922D-13 ({.1600-13 -C.573D~13
0.7580-07 C.9240-UT 0.383D-17 £.160D~12 -0.5410-13 —0.2070-13
—~0e5060-0D6 —C 735006 2.103D-14 —0.5730-13 -0.207D0-13 G.1450-12
COEFFICIENTS OF CORRELATION
020604060 023260400 —C.493535-01 0.7239#00 0.4890+00. ~0.4G0D+CO
CalO0U401 CL119D4G0 Co057D+40G0O CG.297G+00  (.1320+00 -0.540D+0C
Cell9Z+20 GlCGCUH0L —N.4670400 0.388D400 (1610400 —0.785D+C0
De65T75+400 -0 4b6TO+00 N ,1006D401 0872002 0.5210-04 0.851D-G2
02970400 G L23EBUL0 ~L.687120-02 0.100D¢C1) 02275400 =-0a49550+0C
VelZ2Z2T3400G ColOlD¥C0  G.5210-04 (,2270+30 C,1000+01 ~0.234D+00
~0 e 540L+0C ~UTB50+60 0.851D-02 —.234D+00 0.i10CD401

-25 -
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Table 7

TRANSFORMATION PARAMETERS: NA9-GC

Scale Factor and Rotation Parameters Constrained to Independently Determined Values

AX AY AZ € 6 . 8, O
METERS MiTERS METERS (10.D+3) SECIONDS SECONDS SECONDS
4G.00 —142.97 ~204.13 —-0.15 -r.24 —0.20 -0.21
VARIANCE - COVARIANCE MATRIX

D 26BU+01 0.6210400 ©.6860400 —0.1T20-08 7.22640=06 6.1420-06 —-0.147D-06
C.6Z21D+00  ©.1299+01 U.936D+G0 ©0.1380-07 ©.9630-07 0.384U—-07 —C.1920-06 :

Ge6BODHI0  U.536D4+00 0.21204C1 —0.9570-08 0.1080-06 (e347D—07 —C.287D-06
o l
~0.172D-D8 D.1380-07 0 .85TD-08 C.25¢0-14 —0.4700-17 0.6590-17 0.1290-17 :

0.224D-06 0.9632D-07 G.108D—06 —0.4700-17 €.376D0-13 0.6300—14 —0.216D-13

06142006 0.3840-07 0.347D—CT7 0.659D-17 0.830D-14 G.29506-13 —G.102D-13

—0.1470-06 ~0.1920-06 —C.287D-06 ©.129D-17 ~0,216D-13 —-0.1020-13 0.560D-13

COEFFICIENTS GF CORRELATION

0.100D401 0.335040C ©.2880400 ~0.2080-C1 (.7060400 05050400 —0a2790400

03350400 0.1000401 €.5670400 0.2390400 ©.4380+460 Ue19TD+00 —0.715D+00

Co268D400 T.5670400 G 1000401 —G.1160400 ©£.3330400 Gei39D04¢00 —0.8340+00

—0.2085-01 0.2390400 —0.1160400 0.106D401 —-N.4770-03 €. 7560-G3 0.1070-03
0.706D400 ©.438040C0 £.383D400 —0.4770-03  G.100D401  G.249D+400 ~0.47104G0 '
0.5050400. 0.19704CG0 $.139D430 C.756D=03 (.2460400 0(.1000401 -0.2510+60 .

—0oB3TIUAGD —CoT1I5D400 —LoB834D400 ColGTD=03 —C.4TI0400 ~02510400 0100041
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Table 8

TRANSFORMATION PARAMETERS: NA9-SAO

Scale Factor and Rotation Parameters Constrained to Independently Determined Values

Ue4410+02
(«800D 41
041293402

~0 6445 -6
0+5050-05
0e3180-05

~0 242005

Ga140D+01
021530400
042550400
-0.80G40-0U1
0.511D+00
Ce612D400

—~te31804:0

METERS METEKS METERS (1U.045) SECPNDS  STCONDS  SECONDS
25489 =200.72 —172.54  —hHo90 -n,62 D14 0.94
VARIANCE — COVARIANCE MATRIX
OoBUULH0L  £.1290402 —C.644D~06 ©.5650-05 (.31BD-U5 —0.242D-05
0.6220402 —3.2310461  ©.3300-05 0.1B10-05 0.618D-06 ~0.498D-05
—0.2210401  (,5820432 -0.5330-05 0.18CU=05 G.4220~06 —0.645D-05
\ n .
0.7300-05 —£.5330-05 £,1450-11 0.,2200~14 0.1440-14 —0.432D-14
UalBID-08  G.1BGD=05 ©.2200-14 O £760-12 0.1860-12 -0.3800-12
0 6lAL—06 . :e422D-06 D.144D-14 0.186D-17 ©.6100~12 ~0.143D-12
—0.498U-CS ~C.6450-05 —C.4320-16¢ -0.3800-12 —0.143D-12 0,131D-11
COEFFICIENTS OF CORRELATION
Coel53D40Q 0.2550400 —0.8045-01 O.RI110400 ©.6120400 =0.3180+00
0.10004C1 —0. 383001 C.T6BD+00  0.246D4C0 0.1000+00 —0.5520+00
D 3E30-01 ,1000401 —2.57SD400 5.2520400 0.7080-01 —0.739D+0C
0.76804C0 ~0.579D4C0 -6.1000401 G.1955-G2 0.1530-02 —0.313D-02
D.2660450 ©.2520400 5.1950-02 0.100D+Ci ~ 0.254D+00 —=0.3540+00
0.1000+400 0.708D-01 0.1530-C2 0,256D400 G 1000401 —0.1600+00
~0 5520400 ~(e 7390400 —Co3135-02 ~0.356D400 0.100D+C1

- 27 -
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Table 9

TRANSFORMATION PARAMETERS: "GCNAD

Scale Factor and Rotétiop Parameters Constrained to Independently Determined Values

04830401

0.9720+CG0

0.1530401

0343007

0e4300-C6
0.220D06

~0.2880-0e6

0.1G6D+0 &
Ge196D+G0
03098400
~0.5290-01
D.T14D+0
0 485D +00

0 «2BL0HO

AX AY. AZ
METERS MITERS METERS (1G.D+5) SECONDS SECONDS  SECONDS

0a9720+4CC
G.51004C1
0euB6D400
Oetb6d-0¢
D.1790<€¢
0eblel=-C7

~Jeu 10206

Oe196D+00

0e1C00+31
De9550-C1
0 6T10+0GC
CeaZ29UL+CL
Nel27540C

G531+ 0G0

—3B.03  12%.08 226472

. VARIANCE

Cal530+01
CebB6G+0
50 TD4CH
~C+3120-06
54227006
GeT1bD~GT

~0e5930-36

€

6,

=430

— COVARIANCE MATRIX

—0a343D-N7
G etabT=(6
~D43120-06
0.66?9-13
~Ce5780~15

Nes21D-16

0.4200-06
¢.179D-06
0221006
~G.5782-15
G.750D-13

$e1310~13

Labb10-15 ~N.449D—~13

COEFFICIENTS OF CORRELATICN

C«339D+00

V955001

0.1009+01

a4 7104G0

Cea2690+3G0

Tel4EDRH00

=0.7T1D+G:0

~$45290-01
$.6710+00
14710409
vel005401
271662
£e348D-03

Le6TTG-CG2

-28 -

N 7140400
| 0.2905+60
Da26904C0
—0.7170-02

De1000401

042210400

~0, 4800400

Ge83

8, 0,

U.2200-06
0.616D-07
C.7180L-07%
0.2210-16
Uel3l0-13
0464013

-0el6bli—13

6 <4850+ 00
0.127D+G0
0.14804G0
0+3480—03
02210400
D.100D+01

~(42260+L0

—Cel0

~0.2880-06
-0 .410D-06
~0.5930-06
0.6810~-15
~0.4490-13
~0.166D-13

G.1170-12

-0,32840+00
-0.5310+0C
_0.771¢+eo
0e6770-02
-0 .480D+C0
~0.2260U+0C0

0.1G00+01

A



e

ST
T A

REFERENCES

Blaha, Georges (1971). “'Inner Adjustment Constraints with Emphasis on
Range Observations, ' Reports of the Department of Geodetic Science,
No. 148, The Ohio State University, Columbus.

Géposchkin; E. M. and K. Lambeck (1970), '"1969 Smithsonian Standard
Earth (II), " SAO Special Report No, 315, Smithsonian Astrophysical
Observatory, Cambridge, Massachusetts.

Kumar, M. (1972). "Coordinate Transformation by Minimizing Correlations
Between Parameters," Reports of the Department of Geodetic Science,
No. 184, The Ohio State University, Columbus.

Meade, B. K. (1972). Private Communication.

Mueller, Ivan I. (1968). '"Global Satellite Triangulation and Trilateration, "
Bulletin Geodesique, 87.

Mueller, Ivan I,, James P, Reilly and Charles R. Schwarz (1969, revised
January 1970), "The North American Datum in View of GEOS-I Observa-
tions, " Reports of the Department of Geodetic Science, No. 125, The
Ohio State University, Columbus.

Mueller, Ivan I. and James P. Reilly (1971). 'Geodetic Satellite Observations in

North America, Solution NA8, Presented at the Annual Fall Meeting of
the American Geophysical Union, San Francisco, California. ’

NASA (1971), Directory of Observation Station Locations, Goddard Space
Flight Center, Greenbelt, Maryland, Second Edition.

Reilly, J. P., C. R. Schwarz and M. C, Whiting (1972). "The Ohio State
University Geometric and Orbital (Adjustment) Program (OSUGOP) for
Satellite Observations,'" Reports of the Department of Geodetic Science,
No. 190, The Ohio State University, Columbus.

Vincent, S., W. E. Strange and J. G. Marsh (1971). A Detailed Gravimetric
Geoid from North America to Europe, Presented at the National Fall

- " Meeting of the American Geophysical Union, San Francisco, California.

-929-



