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1. STATEMENT OF WORK

The statement of work includes data analysis and supporting research in
connection with the following broad objectives:

(1) Provide a precise and accurate geometric description of the
earth's surface,

(2) Provide a precise and accurate mathematical description of
the earth's gravitational field.

(3) Determine time variations of the geometry of the ocean sur-
face, the solid earth, the gravity field and other geophysical

parameters.



2. ACTIVITIES RELATED TO THE NGSP
(Grant No. NGL 36-008-093)

2,1 Satellite Triangulation in Eurcpe from WEST and ISAGEX Data

In 1974 {he Department of Geodelic Science at The Ohio State University
(OSU) obtained observational data that was acquired during the Western European
Satellite Triangulation (WEST) program and the International Satellite Geodesy
Experiment (ISAGEX) campaign.

The purpose of obtaining this data was twofold. Primarily, it was intended
that a geometric solufion be performed Lo improve the present values of coor-
dinates of the European stations in the OSU WNI14 solution. The secondary aim
was to a@d some new stations and to assess the qualily of the WN14 solution with
the help of the additional data available.

2.11 Data

The sets of data were thoroughly described in the Fifteenth and Sixteenth
Semiannual Status Reports. No additional data has been acquired.

2.12 Adjustments

A total of three solutions were performed. Solution WEST33 and WEST34
contain only observational data of the Western European Satellite Triangulation
and WEST-ISAGEX36 (W.1,36) is a combination solution containing also the data
of the ISAGEX campaign, In all cases only the single image data were processed,
Preliminary computations with the seven image dala (with assumed statistics
about the observations) resulted in seemingly distorted station coordinates, In
absence of any knowledge aboutl the statistics of the cbservational datz, it was
felt very doubtful that the seven image data could improve the results of the
single image data computation. Any further analysis with seven image data,

therefore, must await knowledge about the statistics of the data,



The results of the WEST33 solution were submitted the the XVI General
Assembly of the TUGG held in Grenoble, France from August 18 through Sep-
tember 6, 1975, The solutions WEST 34 and W.I, 36 are documented in Reports
of the Department of Geodetic Science No. 232, OSU.

The solutions WEST 33 and WEST34 differ basically in the number of base
lines which were constrained. It was recogunized that the base line TROMSO-
CATANIA was not sufficient fo transfer scale to the whole net, The WEST
satellite network is considered as consisting of two blocks: the central Euro-
pean block with a large number of observations and the northern block which is
comnected to the central block by relatively few observations (namely, between
TROMSO and some stations of the central block). An overall scale fa.ctqr of
10 ppm was computed between the ED50 coordinates and the adjusted values,
Comparing individual chords in the two systems, it became clear that all chords
originating from TROMSQO vyield a significantly smaller scale factor. Also the
scale for the central area is partly inherent in th-e weighted positional constraints
of the WN14 stations, It thus became necessary to include more chord constraints,

especially in the central area. These were taken from [Ehimsperger, 1874].

2.18 Resulis

(1) The ISAGEX data added three stations to the WEST34 system. Due to the
small number of ISAGEX observations, only a minor improvement could be

gained by the addifion of the ISAGEX data,

(2) The coordinates of about seven stations still exhibit extraordinarily
large standard deviations. This is an immediate result of the increased
variances of the obgervational data (see Table 4 in [Ehrnsperger, 1974] for
the standard errors stationwise, as obtained by the smoothing procedure), or
it is due to lack of a sufficient number of observations or to unfavorable geo-

meirical conditions.

(3a) Various transformations were carried out between the W.1.36 solution
and other systems, While the computed rotation angles between the W.I. 36 and

the ED50 system are all below the one sigma level, the translation parameters
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agree well with those of solutions of other investigators.

(3b) Special effort was made to find the scale factor between the ED50 and the
W.I.36 system. The seven parameter transformation gives a scale factor of”
A{ppm) = 6,12x 2,77, Iowever, there is evidence [Weightman, 1975] that
current publications give revised coordinates for the terminal station of the
European base lines which are based on traverse adjustinent. Deleting these
stations and the stations with extraordinarily large variances in the coordinates

(see 2), the scale factor was computedto A{ppm) = 5.92% 3,54.

(4) The variances of the coordinates for the stations common to the WN14

gysiem were all significantly reduced.

2,2 Similarity Transformation and Geodetic Network Distortions Based on

Ijoppler Observations

The purpose of this investigation was twofold: (a) some theoretical con-
tributions are given to the transformation models as used in geodesy, and (h)
distortions in geodetic networks are investigated based on these transformation
models.

This investigation which is laid down in Reports of the Department of Geo-

" detic Science No. 235, OSU (with the same tifle as this seclion), presents a review

of the commonly used transformaﬁion models and provides a geomefrical inter-
pretation for most of these models. It is shown that the translation components

as computed from the so-called Molodenskii Model for seven transformation
parameters should not be interpreted as the vector between the origins of the two
coordinate systems involved. Only the Bursa Model permits such an interpretation.
It is further shown that as for direct transformations, both the Bursa and Molo-
denskii Models give identical results, i.e., the same siation coordinates and the

same variance-covariance mairix, Also it is shown that the parameters as



computed from both models, differ only in the translation components. An
expression is given to exactly convert one set of translation vectors info the cther,

Pitfalls in partial solutions are also discussed. It has been proposed in.
several publications [Bursa, 1967 and Kumar, 1972] that the orientation angles
and the scale factor be computed separately from dirvection and chord comparisons

- by using them in all combinations between stations. Based on the method of

eliminating parameters, it is shown that these proposed approaches are wrong
as far as the "selection" of direction and chords is concerned. Although these
approaches yield parameters which are close to those computed without eliminating
some of the seven parameters, their standard deviations are much too optimistic,
It is shown that only as many directions and chords can be used in the computation
as are needed to completely determine the shape or size of the polyhedron implied
in the set of Cartesian coordinates. Each additional element (direction or chord)
causes the normal matrix fo be singular.
\ In the closing section of this report a number of fables and maps indicating
distortions in the North American Datum 1927, the Precise Traverse System
M-R-72, the Australian Geodetic Datum and the South American Datum 1969
are given. The residuals of the coordinates are scanned for systiematic patterns
after transforming the geodetic system to the NWL9D system, Also, an atfempt
has hbeen made to plot maps showing scale distortions on the NAD27,

Since the Reports of the Department of Geodetic Science No. 235, OSU

does not include tables of coordinates, all the coordinates which were available
for this investigation are given below. Some of these coordinates were already
given in {the Fifteenth Semiannual Status Report. The NWL-8D coordinates

have been cor‘rected in the meantime as explained in Atfachment 1 of this report.



Table 1
NAD 1927 Coordinates for WNorth American Stations

REPRODUCIBILITY OF THE é X b (m)
ORIGINAL PAGE IS POOR ~ ..
10000 CHEYEMNF WY, 41° 08 00”069 25%5° 01’ B7.207  18HG.S
10003 GREFNVTLLE, S . 33 2R 42,470 268 59 51,486 Lty 2
L0006 MFANES RANCH,KS 3G 12 26.686 261 27 29.494 59,4
10018 JNMESTAWN, TX 30 26 4R.2T73 262 Gl 17.52% 327.1
10019 FRANKT{HM, TH 400 14 06,956 274 10 27.186 259.0
10020 MARYVILLF, I 38 35 20.787 274 21 07.740 212.6
10021 CASH,KY 27 33 06,807 272 55 10.3%R& 265,6
100272 IUKA,mS 34 47 15.5%47 271 45 30,291 250,40
10023 WFRSTER 1S XB AR HL ASH PTN B0 (4, 9H0& 141,43
10031 GOLNSTNANE, CA 25 2b 3Y.R18 243 0& 40,973 Yga,
1005% PILLAR PIINT,CA 3T 29 L3I.441 237 Z0 0Y.T4Y 21.0
20003 WRIGHTWNOD.CA 34 27 54£,537 242 19 (09.484 2255 &
20016 CHOLUMBTAmS R 12 44,555 P70 16 28,049H 11z.6
30025 HLOOMFIELD,NH 40 0% 11.58% 278 15 39,706 360.6
30028 MFTAMORA.IL 40 49 20,342 27D 42 4G, bUK 2L4.0
30029 MISES LAKE,WA 47 11 07.132 240 39 48,11% %55 .0
30068 NRLAMD, C8 ) 2Q 44 44,602 237 50 57.839 47 .6
30099 CHANMCEF 1967.MT . &7 &7 07.507 251 22 07.57% 1011.9
51008 ROLIVIA, MG 34 07 10.298 281 50 29,.47HR bR
51014 VALKARTA.FL 27 5T ?R,320 279 26 31.977 1.5
3101% HTALFAM, L Phob3 24,86k 279y 41 24 ,08% Ja, =
51025 NMEwWTON, TX 30 5& 24,116 266 23 57.198 RT.8
51030 KINGFISHER, (X 25 47 (1.39% 267 01 13.051 36,0
51033 WOODRINE, T4 41 &2 12.717 264 21 21.183 425,5
51039 IRAAN,TX 30 52 14.928 25R 04 00.544 899.5
51041 ARTHUR, KR 41 3R 26.878 258 24 03.785 1184.0
51043 LOVELL WY 44 48 01.70% 251 239 19.4%2 1220.4
51044 CRESTOM, WY &1 36 55,9046 252 12 56.945% 246,85
51048 ALBUOUERQUE . NMm 24 B6 43,427 253 32 26.136 1RX0.1
51052 PICACHN,AZ 32 43 24,838 248 29 (QR.1972 £77.8
51066 TFRRERMNMME, (R 44 23 31,948 23R 42 17.210 R714,9 -
51067 MINFRAL WELLS.TX 32 57 44,684 261 54 37,082 357.6
51068 YULEER.FL A0 41 45.583 27R 15 59.260 21.4
51069 ASHEPNN;SC ‘ 32 45 21,142 279 26 36.927 1.9
51074 MIDLAND,NR 42 07 21.95% ?3f 10 26.638 1229.9
51089 MAYHOND 1S71,0A 38 08 32.163 238 16 38.179 21.1
S 51103 DONA ANA COUNTY,NM 32 04 19.274 252 2] 06.430 126&.1
51121 OPFLOUSAS, LA 30 37 54.569 267 50 0%,650 22.6
51123 FORT DAVIS,TX 20 40 16.006 255 58 38.812 2066.7
51124 FDEN,TX 31 02 06.770 259 55 0Y.782 716.0
51125 MILTOM,FL 30 36 06.566 273 02 00.006 47,6
51126 MONMTICFLLO.FL 30 31 36.400 276 172.31.929 55,8
52001 BELTSVILLE.mD 39 01 #9.492 283 10 26.7%6 40,1
52063 DOS PALOS,CA 36 54 51.030 239 26 4R,988 9.7
10008 GRAND FORKS.ND 47 56 38,594 262 37 11.207 274.0
10056 SAN MICHNOLS,CA 33 14 48,875 240 28 50,994 248,3
10071 GALLHP,NM 35 31 00.605 251 24 29.292 2030.6
20176 AJD.AZ 32 26 54,473 247 Q8 54,990 422.9
20177 DOUGLAS,AZ 31 27 %6.699 250 27 35.724 1225.0
20208 KINGHMAN, A7 35 11 48,275 245 57 35.557 1130.7
30030 GREEN RJVER,UT 2R 58 4&£,.361 249 53 20.567  1311.1
51004 CHARLESTON, WY 38 22 10.576 278 24 33.038 290.7
51005 CORBIN,KY 26 57 21.573 275 53 09.046 394.5
51006 CLEVELAND, TN 35 09 06.794 275 06 55.814 303.0
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L1007
Y1009
51010
1011
51013
51017
Hh1n19
51020
51021
Hinzy?z
w1075
5102724
51026
51027
L1028
51029
51n31
51032
H1056A
51057
SI05R
51095

10000
10003
10006
10014
10019
10020
10021
10022
10023
10031
10055
20003
20016
30025
30028
30029
30098
30099
51008
51014
»1015
51025

Table 1 (Continued)

NAD 1927 Coordinates for North American Stations

LAURFNS, SC
SHFLBY, AL
SANNFRSVILLF,.GA
FARMMTLEE, VA

CLFARUWATER-ST,P.

MTIFFLINVILLF, PA
HUINSTI o Y
ALBIRG{GSC Y, VI
ORLEANS, MA
FAIRFTFLD,ME
KIKICHARE) Pei2, rik-
EREEPIIRT.TY
CLARKSVILLFE,TX
SPRINGNALE, AR
THAYER , M1
PLATTE CITY.eml
CLAY CTIY, 1L

EL NARA, TL
KFARNS ,0T

NRY 1965, MV
DIATAM 1958 .nY
AGAMENMTTCUS . M

a = 6376206.4

NWILSD Coordinates

CHEYENNE, WY,
GRERNVILLE.MISS.

MEADES RANCH, KAN,

JONEST(hhe, TEX
FRANKTNOM, TND
MARYVMILLE. IND
CASH,KY
TUKA,I1GISS
WEBSTER,MISS
GOLDSTONE,CALIF,
PILLAR POINT,CA
WRIGHTWOMND, CAL
COLUMBIA,MISS
BLODMFIELD,DHIO
METAMORALILL
MOSES LAKE,WASH
ORLAND SCALTFORNT
CHANCE19AT,MONTA

ROLIVIA,NORTH ChaR,

VALKARTA,FLORTDA
HTALEAM, FLORIDA
NEWTON, TEXAS

24
33
23
37
27
41

4
Lody
41
4t
47
29
%3
36
76
39
%9
29
&0
40
%9
43

35 NR.0B8
07 03.028
03 “8,048
1R 21.596
55
00
14
b4
51
2h
11
07
28
10
EY
16
36
3°f
38
23
49
13

FIL

29.145

B9, 557

50.961

42.057

1/f = 294.9787

Table 2

¢

41° 07 59" 9ag 259
42.7900268

33
79
30
40
38
37
34
33
35
a7
34
Al
40
40
4
i} 39
N& 47
Y
27
25
30

28
13
26
14
35
33
&7
33
25
29
22
12
05
49
11
44
47
02
57
53
54

26,6472
4R, 888

20.929
06,952
15.794
54,992
39.587
53.122
54,416

11.758
20,392
06.562

07.425
10.816
26,282
26.196
24,714

12.034
57,554
27,446

1R,929
b2 ,.H849
AN, 776
22.616
?3.216
6,984
14,474
?7.816
26,430

37;992
24,048

07.024

45,084

44,086

277
273
277
781

277
283
JH6
286
290
290
741

264
264
265
268
265
271

268
LR
244
4]

289

261
262
274
274
273
271
270
243
237
242

270

278
270
240
237
251
261
279
279
266

56
30
0%
33
18
39
1%
42
02
24
26
39
58
52
22
13
39
5R
01
47
00
18

07
59
27
01
10
21
55
45
50
06
%0
19
16
15
42
39
50
22
50
26
41
23

35,0685
01,500
A0.7233
AR.A4T0
24,707
41,596
?3.691
29,665
58.04&2
45,325
LT . 63R
51.2%2
57.010
40,709
2é,aHD0)
51,216
0]l.645
AL, RTH
46,128
34,164
56.7364
27.14A

for North American Stations
A

54" 486
50,314
27 .477
15.657
26.509
07.112
09.742
29.375
D3.480
36.946
04,985
05,403
27.027
39,452
39,553
43,163
53,043
04,173
39.664
31.981
34,324
55,765

224.2
22771
1ba.1
1272.5
10.4
295, 8
1172.1
b6, R
1&.54
4h 8
260
5.7
15=.1
41272.3
296, 0
300.0
144,2
2a 2
1267.1
1847 .6
1290, 9
2li.&

h(m)

1861.32
7.09
566.60
292,46
222.11
175,50
229.40
211.70
103,60
981.36
1z.51
2244.72
75.91
321.94
210.82
238.51
372.064
984.20
-34,318
=30.265
-28.143
49,897



Table 2 (Continued)
NWIL2D Coordinates for North American Staiions

51030 KINGFISHER, NKI AH

51033

51039
51041

51043
Kl1044

51048
51052

51066
51067

B1Nnak
51069
L1074
51089

51103
511721

51122
51124
51125
51126
L2001

52063
10008
10056
10071
20174
20177
20208
30030
51004
51005
51006
51007
21009
51010
51011
51013
51017
5101%
531020
51021

51022
51023
51024
51026
51027
51028
51029
51031
51032
51056
51057
51058
51095

WOMNRIME
IRAAN, TX
ARTRHER, N
LOVELL o W
CRESTON,
ALRBRUQUFR
PICACHO,

] T A

ER

Y

ulY
QUE s N
A7

TERRERIINNE , DREGOM

MIMFRAL

WELLS.TEX

YULFF,FLOR T LA

ASHEPNI,
MINLAND,

MAYROND 1971,CALITFE

DONA ANA
GPELOLISA

S.C.
R

CAUTY ¢ i
S, LA

FORT DAVIS,TX

FNEM, TX

MILTON,

MONTICEL

BRLTSVIL

L
L, FL
LE.MARYL

DS PALNDS, Co

GRAND

FORKS y NJ

SAN NICHOLS,CA

GALLUP,NEW

AJOis ARTZ
DOUGLAS.
KINGHMARN,

MEXTCH
NMNA
ARTZONA
ARTZDNMA

GREENM RIVER,UTAH
CHARLFSTON, WY
CORBINLKENTLCKY
CLEVELAND, TENMES,

SHELAY. AL ABAMA
SAMDERSVILLE, G.

FARMYILLE VIRGINITA
CLEARWATER-ST.P.FL

MIFFLINVILLF, P4
HUNSON, N, Y,
ALBURG(GSC) . VER.

ORI.FANS,
FATRFIEL

BNUCHARD RMZ, MAINE

FREEPORT
CLARKSVI
SPRINGDA

MASS
D, ME

s TX
LLE.TEXAS
LE,ARK.

THAYFR,MISSOURI

PLATTE C

[ TY ) ["1(]

CLAY CTTY, ILL

EL DARA,

TLL

KFARNS,UTAH

DRY 1965

DTATOM 1958, NEVADA

AGAMENT (

«NEVADA

CUS. MAINE

a=06378145m

25
4]
30
43

A

7

41
34
32
s
27
30
27
47
38
22
30
20
31

30
30
39
36
47
33
35
32
21
35
ag
38
%6
35
34
33
23
37
27
41
42
44
41
44
47
29
23
26
36
39
38
39
4.0
40
29
43

4
&2
h2
34
48
36
56
43
23
57
41
45
o7
n8a
0&
37
40
02
36
31
Ot
54
56
14
31
25
22
11
58
22
57
09
35
o7
03
18
55
00
14
54
51
35
i1
02
38
10
34
16
38
37
28
23
49
13

Ol.a478
17.609
15,370
26.726
Gl.457
55.678
473,490
24,947
3A1.282
L4 ,997
L, 311
31.674
21.398
31.75%
19,.49%
55,231
16.420
07.231
N7.114
36.997
29,7 Th
50,765
2B, 502
48,821
0.596
54,600
26,952
&g, 172
44,214
10.835
21.781
06.961
08, 446
03.355
“R,467
52.043
12.006
57.788
AT.676
29,267
19,234
5G.522
bz,917
31.525
22877
22.417
27.098
50.854
14.569
27T.900
Ab. 160
41.717
AT.575H
244265

767
264
2hR
25R
251
252
h3
248
238
261
PR
2719
238
238
25%
267
2h5
259
273
274
283
239
267
240
251
247
250
245
249
278
275
275
217
273
277
281
277
283
286
286
290
290
291
264
264
265
268
265
271
268
2hLR
244
241
289

01
21
03
24
39
12
Az
29
42
54
15
26
106
16
31
50
SA
55
01
12
10
26
a7
28
24
0R
27
57
53
24
53
06
56
30
05
33
18
39
13
47
0z
24
26
39
58
52
22
13
29
58
01
47
00
18

1/f = 298, 25

REPRODUCIBILITY OF THE
ORIGTNAT, PAGE IS POOR

11.075
19.399
5R.7284
0] .345
16,310
53.HBR
23.305
06,990
12.208
35. 104
59.114
36,774
2l.R91
33.529
03,740
02.4172
36,596
07.739
b9, 287
21.578
2T.054
&L 562
09.1b%5
46,780
22.212
51.637
32.654
3l.8%%
17.276
32. 776
08.520
55. 188
35.479
Q0.801
29.905
38.270
24,524
42.036
24 .447
20,669
56,201
46,393
48,671
49,664
55,424
39,7252
23.142
49.562
00,669
33,650
42 . 564
30.933
52340
28. 169

327.349
3BY .34
ReE6,97
1151 .98
1197.55
220,73
180G1.55
447,17
B61.277
3727.845
-1%.419
-%d . AH5
121%.160
1n,232
1229 .25
-15.9y
20%7 .58
6R2.73
Ta95
14,77
— .48
-1.310
2271 .40
224,54
2006,297
399 .77
1157 .44
1117 .44
1288,256
249.382
3ba 976
261.137
182.541
181,752
112.977%
102.434
~%2.0832
2h56.467
T2.477
29.527
-]1%.649
T.587
326,293
-31.911
117.625
374,242
259,787
261 .807
105,314
201.181
1369.895
1828.559
1275.178
175472



10000
10003
10006
10014
100149
10020
10071

100272
L0023
10028
10031
10032
10055
10116
10117
20001,

20003
20015
20016
annzs
30026
30027
A0N2A8
30029
30098
30099
51008
51012
51014
51015
51025
51030
51033
51039
51041
51043
51044
51048
51052
51066
51067
51068
1069
51070
51074
510849
51103

~ Table 3

Coordinates in the MR - 72 System (Precise Traverse)

CHEYFENNE.,WY,
GRFFMVILLE.MTSS.
MEANES RANCH,KAN,
JONMESTNWM, TEX
FRANKTNM, TND
MARYNMTILE, TRN
CnrSHL,RY

THKA,MISS
WEFBSTER.MISS
EGLIN AFR, FL
COLDSTONME, CALTF.
FiIMwmARS AFR.CA
PILLAR POTMT LA
EOWARIS AFR.CA
FNWARDS AFR,Ca
RELTSVILLE, st
WRIGHTWMIN,. (AL
WOHIRL TNF . (RA
COLUMBTA,MISS
BLOOMETFLD,OHID
COLUMRLS,OHIN
GREEMVILLE,.OHIA
METAMNORA, TLL
MOSES LAKE,®WASH,
ORLAND,CALIFOBRNTA
CHANCF19AT  MIONTANA
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Table 3 (Continued)
Coordinates in the M R ~-72 System (Precise Traverse}

51121 DPFLOISAS. A 20 37 H4.59% 267 50 03,624 ?2.6
51123 FORT DAVIS,TX A0 &0 15,872 255 B5R R&_ AYR 2066.7
L1124 FNEM.TX 21 02 06.T711 259 55 09,670 T16.0
51125 MILTNM,FL 30 26 06,465 2732 07 0N.036 47.6
51126 BANTICFLLO, FL 30 31 36.314 276 12 31.932 bh. 8
91127 MOSFES LAKE.UHA &7 11 07.389 7240 39 48,048 55,0 -
52001 BFLTSVILLF, MARYL 4“9 N1 39,749 283 10 26,7132 4an, 1
52007 HELTSVILLFE,w ARYL PG Ny 2,261 PR* 1D 26.89Y 401
52063 DS PALNS.CA 26 54 51,184 239 2A 4K, 611 9. 68
53002 BELTSVILLE,mD 29 01 ¥G.26)1 283 10 26,8499 ae, 1
53063 NOS PALNS,CA 36 54 51,182 230 256 48,611 Y. 68
60001 RELTSVILLE,mD 29 01 29,749 28% 1N 26.713 Liry 1
GOO0R 227, ARTZIINA 32 39 10,732 245 24 232,587 61.5%
a = 6378206.4 1/f = 2949787
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2.3 Data Acquisition and Processing

2.31 Geoceiver Data

Near simultaneous Geoceiver tracking data at station Nos, 51072 and
51024 for satellite 3140 (60), over the period January 25 to February 8, 1974,
has been received from the National Geodetic Survey along with the Precise
Ephemeris for the satellite (state vectors at.minute intervals).

Short Arc Geodetic Adjustment (SAGA) Computer Program had already
been acquired earlier from DBA Systems, Inc,

It is intended to investigate the possibility of obtaining station coordi-
nates of geodetic accuracy with the help of on-board (and not precise) ephemeris.
Operationally, there is generally 2 delay of several weeks in obtaining precise
ephemeris, while suitable equipment (e.g., JMR-1 equipment) can acquire the
on-board ephemeris along with Doppler data, Therefore, if a satisfactory
procedure for obtaining statioh coordinates with on-hoard ephemeris is formu-
lated, it may be possible fo provide a coordinated control of geodetic accuracy
movre rapidly than at present,

The investigation is proposed to be carried out in the following steps:
fay 1) Assessment of the accuracy of station coordinates obtained with

the available observational data and the precise ephemeris.

ii) Theoretical formulation which may help obtain results of com-

- parable accuracy with on-board ephemeris.

() Recovery of station coordinates with the observational data and
the on-board ephemeris, using the formulation indicated at (a) ii)
above and comparing the results with results at (a) ).

The data is now available on tape E 13484 (SLOT NO F 112) in fpur files

as follows:

File # 1 EPHEMERIS for Saiellite — Station 51072
File # 2 GEOCEIVER DATA -—  Station 51072
File # '3 EPHEMERIS for Sateilite — Station 51024
File # 4 GEOCEIVER DATA -—  GStation 51024,

11



Printout of the whole data is also gvailable. As a result of the scrutiny
of data, it is found that data for 30 passes is available, Preliminary runs with
SAGA have revealed some problems in the adoption of the program. These

problems are being looked into.
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3. ACTIVITIES RELATED TO EOPAP
{Grant No. NGR 36-008-204)

3.1 DRotation of the Earth

The effect of crustal motions in the rotation vector of the earih may be
studied as explained in the Fourth Semiannual Staius Report, by solving {he
general Lagrange-Louiville equations under the assumption of quasi-rigidity.

The main problem then, is the obtention of [ Al],, that is, the contri-
bution to [ 1] (initial value of the earth's inertia tensor) due to plate mass
displacements .

This value was expressed by

[AI], = Z[AI}];
1=1 1

where n is the number of tectonic plates constituting the earth's crust.

The tectonic model described in [Solomon, et al., 1975] is used in this
work. It consists of eleven plates, of which the relative angular velocities with
respect to a reference plate (Pacific) are given. The absolute angular velocity
of the reference plate Wi:Lh respect to the underlying mantle is also given.
Therefore, the absolute angular velocity of any plate P; may be computed

uging the following column matrix notation

{wa}Pi = {wr}pi + {wa}RP

where

it

{0, }p1 relative angular velocity vector of any plate P,

with respect to an arbifrary reference plate (Pacific);

fe, rp = absolute angular velocily vector of the reference plate
{Pacific) with respect o the underlying mantle;
fw, }Px = absolute angular velocity vector of any plate P, with

respect to the underlying mantle,

13

(1)

(2



Several velocity models for {w, }R,, are described in [Solomon, et al., 1975].
In the present study their model B4 (continents have 3 times more drag than
oceans) was considered, primarily because of the fact that their final values
agree closely to the recent ones given by [Kaula, 1974] using a completely
different approach.

Once the absolute angular velocities {w, }pi for each plate are known,
the differential changes 80 and §X in colatitude and longitude for each 1° x 1°
block may be computed.

Following the theory in [Soler, 1976], this can be expressed in the case

of a spherical curvilinear system as:

68 T sinf cosA
5\} = H'R [6wl;, {r sin®sinX (3)
or r cosf
where
H = "matric matrix" of the transformation between

gpherical and Cartesian coordinates;

R = rotation matrix of the transformation between

the geocentric and moving frames;

[bwle = skew-symmetric matrix of the absolute angular

velocity vector.
Observe that { 5w }Pi = {w, ] Py -
After the proper values are subsiituted in (3), it is seen that one immediately

obtains

86
8

8wy sind - 6w, cosA (4a)
6wy cos A cotB + 6w, sin) cotf - G, (4b)

where the values of {6w } correspond to the absolute angular velocity compo-
nents for the specific plate containing the block (8, A).

TFinally the elements in the summation of the right-hand side of equation

14



{1l) will be given by

[AI]Pi = El(ﬁe“[me]“ + 5&:[&1)\]1:)

where m is the total number of 1° x 1° blocks on the plate P, and

[A Iy I = - differential changes in the earth's tensor of inertia
due to a differential motion 68, of the block k;
[AI )\]k = differential changes in the earth's tensor of inertia

due to a differential motion 6, of the block k.

The computation of [AI glx and [AIy]; involves the integration over

the volume of every block k, taking into consideration the theory of isostasy

according to Heiskanen.

REFERENCES

Soler, Tomas, 1976. '"On the Differential Transformations between
Cartesian and Curvilinear Geodetic Coordinates, " Reports of the
Department of Geodetic Science No. 236 , The Chio State University,
Columbus, OH,

Solomon, S.C., N.H. Sleep and R.M. Richardson, 1975, !'"Forces
Driving Plate Tectonics: Inferences from-Absolute Plate Velocities
and Interplate Stress," Geophysical Journal of the Royal Astro-
nomical Society, Vol. 42, No. 2, p. 769,

15

()



3.2 Close Grid Geodynamic Satellite (CLOGEQOS) System

The preliminary investigatior; with a grid network of 9 stations at 5
minute spacing in both latitude and longitude in the San Andreas fault zZone
for the Close Grid Geodynamic Satellite (CLOGEQS) system was completed
during the period under report. The resulis were published under Reports
of the Department of Geodetic Science No, 230, OST,

A more detailed simulated study with 75 stations along the three
major faulls (viz., San Andreas, Hayward and Calaveras) in central Cali-
fornia has been started. In addition to the experiments conducted in the

preliminary investigatioi, the preseni effort will include the following:

(D Simulation of weather effect and actual crustal motion;

(iiy Study of the effect of observation pattern or station grouping in
geometric and short arc modes;

(iii) Study of the effect of significant digits in computing a solution in
near critical station configuration;

(iv) Geodetic monitoring of crustal motion.

The results are expected to be included in the next status report.
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3.3 Modeling of VLBI Observations

Let two stations denoted i and j be engaged in a VLBI observation of a
radio source p at some epoch t,. The observed time delay ty of arrival

of a certain wavefront at the two stations provides a distance dyjjp = ¢ * 5

-

_)
which is the projection of the station-to-station vector By; on the instantaneous
- - ->
unit vector of the radio source direction ejf (t,). Both By, and ef (ty) refer

to a reference frame {ixed to a network of stations in a certain way. Obviously
dyyme = Bfy e (tx).
If e, is the unit vector in the direction of the radio source with respect to an
inertial (source-fixed) frame, then one has
eff (ty) = M(tk) Cp.

The transformation matrix M can be parameterized in terms of Eulerian

angles as
M = Rs{®) R1(0) Ra(¥)-

If a deterministic model for the time variation of ¢, 8, P were available

in the form

&£E _ _ .
dtz - fFE:t) E = [Qo: 8’ 3\“

then solving this equation, one should have E(t,) = F[E(to), E(to)], oOr
M(ty) = M(®os B, Pos ©o» Bos Pos ti)
with a total number of six parameters. However, such an approach is not

possible because of the uncertainties surrounding current knowledge of the

earth's rotation. Alternatively, one may set
M = Rafe™+&0) Ry(6° + 66) Rg@” + 69)

where¢®, 6°, ¥° are approximate values provided from the analysis of
classical astronomical observations and 8¢, 68, 6¢ are small corrections

which are assumed {o be constant over a short interval of time (e.g., one day).

17



The number of parameters in M is now only 3, as compared to the previous 6.
However, the direction and magnitude of the insiantaneous vector of rotaticn

Y

w is one of the objectives of this analysis, and since
N N .
w = W, 8, i,b, D, 8: t"‘))

one has to interpolate between values of o =¢° + §¢, 8 =67 + 80, b =¢° + 6
to obtain ), é, z,!) . This additional approximation destroys the optimality in
estimates of Zj

For ihis reason, and despite the fact that 3 parameters are sufficient
for the description of the relalive rotation of the two reference frames, a

6 parameter model is used which explicitly contains the Zi) vecior,
Mty ) = Ri(-m Ra(-&) RalQ(tx-to) + 601 Rz (E) R1(H)

where ) is the angular velocity of the earth's rotation and the geometric
meaning of the rest of the parameters is depicted in Figures 1, 2and 3.
Also, £ and 11 are the usual coordinates of polar motion; = and M are
two similar parameters describing precession-nutation and 8, + £(t, - to)
is an analog of GAST (Greenwich Apparent Sidereal Time). A priori
approximate knowledge of the (:)) direction with respect to both inertial and
network frames, canlead to selection of coordinate systems so that
=, H, £, n are small quantities with zero approximate values. Then
one can write to a high degree of approximation ‘
_ Il o E , ! 0 -Z
REMR Y= | 0 1 -, R(E)R(H)=}0 1+ H
€ = -H o

Setting By = (X; - X4y V5~ Yi» Z1 - Z5)'s ity =t —to and e, = (cosb,

cos® p, cosdy sina,, sind,), the model becomes

T Racd
;- A t o § i 9 -z wss,, w0,
2«2,/ \-€ g 1! Z-H 1/ \am?,

18



The partials with respect to parameters evaluated at approximate values
(E=H =§¢ =1n = 0) become after setling ¥, = Gy + Q& Txy Xep~™ ¥k =~ Up>

Ky =Xy - Xiy, Yy = Vy- ¥y and zZy5 = Z5 ~ zy:

od o ~m;; €058, €osy, + %y sin &,

13 P

_g._% = -y cosd, s X, = Yy S 3,

2d o (-%ij oS Y, + Yy siny,) sinde + 2y cosd coset,
% = (zf.iJ- siay, + Yy cos%) 5in gp - &y cos SF, Sin e
2d — ..

56 = (i SRY Yy €05 X 1) c:os?F

23d . g 2d '

Ak 28

.%_ = - ..?..é'. = Coss Los

EESA a%; ’ Hp

ed _ _ Bd _ _gos?, sinyy,

9y; 3y ' '

_Bi = - _-a_ci_ = sin S‘P

oz GRS

2d o (ox snx, oy wsX,,) oot

_a_%l;_ = (""i; D O Yis s‘;«nik?) sin Sp + oz cosgp
39,
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Fig, 1
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20



=Tt

B

Z’I\
}’g""' TN

«‘_3__

Fig. 3
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3,31 Definition of Coordinate Systems, Inner Constrainis

Linearization of the observations leads to the equations
L = AX+ V

where L contains differences between observed and computed distances;
A contains the partials already derived; X contains coﬁections to parameters
and V is the vector of random residuals. Setting the weight matrix to

P =1 for simplicity, the normal equations become
ATAX = ATL or NX = U.

But because of a lack of system definition, one has rank(A)=7 - 9, where
7 is the number of parametfers and consequently N is singular. The rank
deficiency 9 of A is due to the 9 degrees of freedom of the undefined coor-
dinate systems: 3 for the orientation of the inertial system, 3 for the
orientation and 3 for the origin position of the earth-fixed system.
Coordinate systems can be defined by means of 9 minimal constraints
on the station coordinates (dxy, dy;, dz;) and the radio sources coordinates
(day, d6;). The number of constraints can be reduced if use is made of
naturally defined cbservable directions— in the present case— the direction
of the earth's vector of rotation Z) . One may then assume that the Z axis
of the inertial system coincides in direction with -093, (but not with the z axis
of the earth-fixed system), and thus avoid or limit the variation of station
coordinates with time, This leads to elimination of the columns of the design
matrix A corresponding to the parameters =, H, so that only 7 consiraints
are now necessary. One has rank (A) =rank(M) =n - 7.
Among the solutions to the normal equation, the unique one given by
X = N+U has the properties X'X = min and trace N+ =min., In view of
the interpretation of N+ as the variance—covarié.nce matrix of parameters,
the second property makes the solution optimal. To avoid the use of a
pseudoinverse computation algorithm, one may construct a set of inner constraints
giving the same solution as the pseudoinverse. The irmer constraints can be con-

structed with the help of the geometry of the operator represented by the matrix N.
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The domain D of this operator is the space of all n X 1 column vectors and
can be turned inlo a complete inner product space introducing the inner product

<f,g> = g'f. ThenD has the orthogonal decomposition
D= Ne N+t

where N is the null space of the operator, i.e., the set
{veD; wy=0},

+
Tt is well known that X =N Ue N +  and therefore the condition X L. N
uniquely defines X. If {C,} is a basis for N (i =1,2, %, since N is of

dimension 7), then the condition X 1 N can be writlen

X1C (X, Cy= CX =0 i=21,2,.. 9
In matrix notation: .
) CI T T
C; X:(Clcg"c?BKZCx:o'
N

The problem thus reduces to finding a basis in N, i.e., in finding 7 linearly

independent n X 1 vectors C, satisfying
NC, = 0, or since N = ATA, AC,= 0.

If A; is the jth row of A, one must find 7 linearly independent solutions

y=0Cy, 1=1,2,--7 to the set of eguations

Ayjy=10 j=1,2,---s (s =number of observations).
Setting y' = [w, W By B YL g £G 0

where m = number of stations and k =number of radio sources,

For the row of A corresponding to an observation dyy,, (stations i and j observing

radio source p at epoch t.), one obfains

, 24 W, 3d 2d
an”mg T ae*”‘ +ﬁ¢;%+n 33* ¢ ox +gﬁagf%3 az
24
=0
gt %55 as}
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Making use of the analytical expressions for the partials and after a con-

siderable computational effort, one arrives at a set of solution vectors

{Ce }, which gives rise to the inner constraints C¥X = 0 with the CT matrix

being

More explicitly, there are 3 sets of inmer constraints,

4y dE

¢ 0o
0 ¢
¢ o
i e
g 1
0 o
v e

de, dQ dx, dy dz, dx, dy, dz,....dx_ dy, dz,

) ] t o ¢
o6 0 o I

6 o o o |
s o o -z, Yy
o 0 g, 0 -%
-4 [ ~y, % 0
g o -y, -x, 0
|

idot, A3, det, 43 .
‘v 5 o o

|

re © c 0

V0@ 6 o -
19 6 o o
o o s b
10t o

the origin of the earth-fixed system

m dx

dy,
C’.\Z.i

24

-0 B o o o O

1}
o

1 v
0 - (¥ i
t ] &
Ye -0 -2,
“Hy. - - 2, ©
© - T
° - Y, "hn
o5,
o
1]
0
g
L+
G
0

The first defines
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The second set defines the orientation of the earth-fixed system

- &‘n m G -Z; ."g-l'. d;?'.[
—d,g = Z Z; O —A; d"éi
a6 i=t -gi H; < d;z,'_

]

Finally, the third setl defines the direction of the X axis of the inertial frame

m

i doe, = Z (Y dmg+ % dy) .
F= )

3.32 The Role of Minimal Constraints in System Definition for

a Non-rigid Network of Stations

The solution for station coordinates using minimal constraints depends
on the set of used approximate values. The motions of stations with respect
to each other can be modeled as follows: Consider a sequence of time inter-
vals At, = [t-1, t,11i=1,2, -+, and assume that within each interval
that station coordinates remain unchanged. Af the epochs t; the coordinate
values "jump" to a new set of values, i.e., the variation of coordinates with
time is modeled by simple ''step functions. ' Now observations within each
interval At; can be treated separately in a sequential fashion. If for the
At interval one uses as approximate values of the coordinates, their esti-
mates provided from the analysis of observations in the interval At,_,, then
the minimal constraints provide a means of system definition for a deformable
network of poinis,

The coordinate axes thus defined are "geographical axes, ' i.e., they
are prescribed to the station in a specified way. From this point of view
inner constraints may be inappropriate because they involve the direction

of the rofation axis of the earth. Some more appropriate and intuitively
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appealing sets of minimal constraints are discussed next.

For the pogition of the origin of the system, the constraints

da;
Z d'g,i = {
¢ dz;
already contained in the inner constraints assures that the coordinates of
the center of mass of the stations (considered of unit mass) will remain
the same., TFor the definition of the direction of the system axes, two choices
appear to be dynamically meaningful.

One is to consider the axes of zero relative angular momentum for the
stations unit mass points in a fashion similar to the definition of the Tisserand
axes for the whole earth, I ?1 denotes position vector of the ith station, then
the total relative angular momentum vector of the network is

%:ZEX“& =0 or Z }:}(d% = 0
A dt i

In matrix form one has

m 0 -=; oy dat;
Z ) 2 & -3 d.‘!é,l = 0
i=1 Y % 0 daz;

A second choice is the principal axes of the network, i.e., the choice of
axes that makes products of inertia of the stations vanish, To retain the
zero (or some other constant) value of these products one must set their

variation equal to zero. The products of inertia are
D*—“Z&.ZE, E’—‘Z * 2, F’Z’"i’é’c"
14

D=1 (dy =+Yy dz)=0, dE=T. (dx z+xdz)=0, dF=J(duy+xdy)-0.

or, in matrix form

Z 2, 0 % dy; =0
e %’i % o i'&[
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for a Wild BC-4 Camera
by Daniel H. Hornbarger
March, 1968
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110 Investigations into the Utilization of Passive Satellite Observational Data
by James P. Veach
June, 1968

114 Seguential Least Squares Adjustmeht of Sateilite Triangulation and
Trilateration in Combination with Terresirial Dala
by Edward J. Krakiwsky
Octoher, 1968

118 The Use of Short Arc QOrbital Constraints in the Adjustment of Geodetic
Satellite Data
by Charles R. Schwarz
December, 1968

125 The North American Datum in View of GEQS I Observations
by Ivan I, Mueller, James P. Reilly, Charles R. Schwarz
June, 1969

139 Analysis of Tatitude Observations for Crustal Movements
by M. G. Arur
June, 1970

140 SECOR Observations in the Pacific
by Ivan I. Mueller, James P. Reilly, Charles R. Schwarz, George Blaha
August, 1970

147 Gravity Field Refinement by Satellite to Saiellite Doppler Tracking
by Charles R. Schwarz
December, 1970

148 TImner Adjustment Constraints with Emphasis on Range Observations
by Georges Blaha
Januvary, 1971

150 TInvestigations of Critical Configurations for Fundamental Range Networks
by Georges Blaha
March, 1971

177 Improvements of a Geodetic Triangulation through Control-Points
Established by Means of Satellite or Precision Traversing
by Narendra XK. Saxena
June, 1972

184 Coordinate Transformation by Minimizing Correlations Betweén Parametiers
by Muneendra Kumar
July, 1972

185 On ihe Geometric Analysis and Adjustment of Optical Satellite Observations
’ by Emmanuel Tsimis
August, 1972
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187

188

190

191

193

195

196

199

218

228

232

Geodetic Satellite Observations in North America (Solution NA-9)
by Ivan I. Mueller, J. P, Reilly and Tomas Soler
September, 1972

Free Adjustment of a Geometric Global Satellite Network (Solution
MPS-7) .

by Ivan I. Mueller and M. C. Whiting

Oclober, 1972

The Ohio State University Geometric and Orbital (Adjustment}) Program
(OSUGOP) for Satellite Observations

by James P, Reilly, Charles R. Schwarz and M. C. Whiting
December, 1972

Critical Configurations (Determinanial Loci) for Range and Range-

Difference Satellite Networks

by E. Tsimis
January, 1973

Free Geometric Adjustment of the DOC/DOD Cooperative Worldwide
Geodetic Satellite (BC-4) Network

by Ivan I, Mueller, M. Kumear, J. Reilly and N. Saxena
February, 1973

Free Geometric Adjustment of the Secor Equatorial Network
(Solution SECOR-2T)

by Ivan I. Mueller, M. Kumar and Tomas Soler

February, 1973

Geometric Adjustment of the South American Satellite Densification
(PC-1000) Network )

by Ivan I. Mueller and M. Kumar

February, 1973

Global Satellite Triangulation and Trilateration for the National Geodetic
Satellite Program (Solutions WN 12, 14 and 16)

by Ivan I. Mueller and M. Kumar, J. P. Reilly, N, Saxena, T. Soler
May, 1973

Marine Geodesy, A Multipurpose Approach to Solve Oceanic Problems
by Narendra K. Saxena
Qctober, 1974

The OSU 275 System of Satellite Tracking Station Coordinates
by Ivan I. Mueller and Muneendra Kumar
Avgust, 1975

Satellite Triangulation in Europe from WEST and ISAGEX Data
by Alfred Leick and Manohar G. Arur
November, 1975

- .30



OSU Department of Geodetic Science Reports published under Grant
NGR 36-008-204;

235 Similarity Transformations and Geodetic Network Disfortions Based
on Doppler Observations
by Alfred Leick and Boudewijn H.W. van Gelder
November, 1975

236 On the Differential Transformations between Cartesian and Curvilinear
Geodetic Coordinates
by Toemas Scler
(in press)
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The following papers were presented al various professional mectings:

*Report on OSU participation in the NGSP!
47th Annual meeting of the AGU, Washington, D.C., April 1966

' Preprocessing Optical Satellite Observalional Data'
3rdMecting of the Western FEuropean Satellite Subcommission, TAG, Venice,
Italy, May 1967.

"Global Salellile Triangulation and Trilateration"
IVth General Assembly of the IUGG, Lucerne, Switzeriand, September 1967,
(Bulletin Geodesique, March 1968).

"Investigations in Connection with the Geomelric Analysis of Geodelic Satellite
Data"
GEOS Program Review Meeting, Washington, D, C,, Dec. 1967.

YComparison of Photogrammetric and Astrometric Data Reduction Results for
ihe Wild BC-4 Camera!
Conference on Pholographic Astrometric Tecﬁnique',_'l‘ampa,, Fla., March 1968.

"Geodetic Utilization of Satellite Photography™
7th National Fall Meeting, AGU, San Francisco, Cal., Dec., 1968.

YAnalyzing Passive-Satellife Photography for Geodetic Applicalions"
4th Meeting of the Western European Satellite Subcommission, IAG, Paris,
Feb. 1969,

Sequential Least Sqguares Adjustment of Satellite Trilateration
50th Annual Meeting of the AGU, Washington, D.C., April 1969.

"The North American Datim in View of GEOS-I Observations"

8th National Fall Meeting of the AGU, San Frauncisco, Cal., Dec. 1969 and
GEOS-2 Review Meeting, Gr eenbelt Md., June 1870 (Bulletm Geodesique,
June 1870).

"Experiments with SECOR (Observations on GEOS-I"
GEOS-2 Review Meeting, Greenbelt, Md., June 1970.

"Experimenis with Wild BC-4 Photographic Plates"
GEOS-2 Review Meeting, Greenbelt, Md., June 1970.

“Ehpenments w1th the Use of Orbital Constraints in the Case of Satellite Trails

on Wild BC~4 Photographic Plates"
GEOS-2 Revicw Meeting, Greenbelt, AMd., June 1970,
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Rapid City Journal 3 s

Land use"
piannmg
pmgresges

By DICK REBBECK
Journat Outdoor Edltor

STURGIS — By ne means unique
in its prohlems of subdivision
sprawl, Meade County is well into 2

‘ecomprehensive land use planning
demonsiration that promises 1o
develap ideas other counties might
well apply to their situations.

‘Describing the problem for the.
project, Arnold Bateman, rural de-
velopment specialist for
Scuth Dakota S:nte University,
has” specitied *'uncoordinated
grewth accuring adjacent to the I-
9¢ corridor and contiguous to the
clty of Stuegis.”

Kirk Carlsten, Meﬂde County
planning and zoning cocrdinater,
points out that most of the county is |
agricelural, with lttle prospect of,
residential or Industrial impact:
'8 per.cent of the problem is along,
180, from ke (Black Hills NMetion-
al) Cemetery to Black Hawk.”

i “*Much of-the development
" (there) is within steeply sloping,
forested areas, which increases
.erosion patentlals, creating the
possibility of stream siltation gnd..
poltution ar water source contam-
ination,” Bateman reparts.

. *'Such development presents
problems of sewage disposal and
adequnte” wator—Supply Tor "al :
«demangs, Including flreflghting re-
‘quiremants, eongestion which may

- cxc.eed the.zarrying eapeclty of the . & 4..-.4--HW‘ i

‘land, increased demands for palice )‘

and fire protection.and other public > !

services, such as adequate roads,”™
he explained.

Sirnilar land vse questions have

; —leasi0f which was the Joss of prime .

-
'

arlsen adiacent to Ellsworth AT .

“"Forée Base and near “Bear' Buttu
State Park, g

At Bear: Butte,, Carlsten 'notes,
present 20-acre ownerships are not
within the scope of 2 newly adopted
subdivision .ordinance. “If some-
one wants to subdivide a 20-acre
site, it might come under-it," he'
EXVEN

'Several -subdivisiuns have been
-well 1aid out, from a land use plann-’
ing aspect. Evidence of this, cited
by Carlsten, cludes community
water: systems, which avoid san-
itafion problems from septic tanks,
pravisions for safe waste disposal,
provisions for drainage and, flopd
protection, access for emergency
vehicles, water supplvsfor flre- |
fighting and grouping of like-vdlue
heuses.

“In resldential zoning, we-shoule
aim for more than one type of res-
ldentiat zone, and in each area .
define the size of lot, Square foot-
age of buildinpgs and some other
covenonts," Carlsten comments,
“1f people put good money Into a.
place . .. the velue of their proper-
1y gees down if someone else puts a
lower value house in with the

* higher ones."” -

All gradations of bul]din,t'; gan be .
‘provided for threugh zoning with-

out jeopardlzing investment, he £

beleves.

Mohile. homes and medular .-

homes present a speclal case in this
context, Phil Cervgny; physical
planner with the Sixth District
Council of Local Governments,
‘says mobile homes historically
have been confined to commercial
zones hecause fots were rented for
profit. But it's actually a residen-
tial typs of use, and ane that's

50 U‘I‘F'.‘RAW

.\Av-.;(_}«, <

g st?gf LA

BTl
ij‘ﬁ ﬁ’;‘éﬁ?hi‘a el

i }..'
5%{'5::; e Ef‘{%;;‘

] S
; @?ﬁ e f s

Speclacular views make Sturgis area subdivisions popular {Journal photos) .
/

growing as economlc factors dic-

tate greater use of thls type of

‘housing. Zoning should provide for

it as @ type of residentiat zope, he

indicates. ’

the whale plannmg-uperatlon is
provide n every respect a better
environment for the people,’; Bate-
men reasened, ‘the citizens of the
county must be given the opportun-
ity to take part in the planning
process,” X

Bateman further emphasizes.that
goals’ and objectives must be the
prumary responsthility of citizens
and their local officials "“and not
the responsibility of the technical
planner.” The planner implements
within guidehnes laid down by the
people.

In response to 1874 state legisla-
tion. the county set ont to set up a
comprehensiye tand use plan by the
Juiy 1, 1076, deidlire. Elements in
this plan are 1o include a zoning or-
dinance, a planning ordlnunce anda

. Iand use map.

: ~

. i

Observing one mobile home area
where resldents buy thetr one-acre
Iots, Cerveny sugpests ownership
motivates people to take better
care of their property.

A county subdivisior ordinance
ikat went into effect Jan, ] essen-
1ialty provides for ‘*harmonious'de-
velopment™ ¢hrough coordinatlon
af ditferent developments so that,
in Cervery's words, an undue ‘“fl-

, mancial burder wen't fall hack on
» the county” for such public ser-
vices as road maintenance, schaols
ond fire.and police pretection.

Whlle aclmomedglng good land
tise Judgments in some develep-
ments, planning. specialists and
county offlcials have detected prob-
lems along the I8¢ strip, not th

-
Vo

In Meade County, the principa

!
- -poals-and objectwes_have béende-
terimined to be;

ﬂﬂF!CU|1Ural land.’ Weather and high Interest rates
have~ “'pretty  weil __bgpught 201
struetlon staris to zero,” so. Ca.rl-

sten doesn’t have a measure of hOW

s pain .

3"‘9“&"*
SR 1‘6

tion. "We won' 1. have & good eval.
uahen wntil spring and summer."

4 Meade County is now working on
-~ {ts eounty zoning- ordinance,- £ari-—
sten believes Meade County is as
far along toward the 1976 deadline
as any West Rlver county. The zon-
Ing ordinance is expected to be
ready for the county comrnission-
ers to act upon *‘In four or flve
months,” I don't see building
codes for sume time 10 come, in the
county,” he adds, **That will take
qulite an enforcing arm. The cityls”

into this, but the county is nat,”

! Work is also proceeding on n soils
map using aetial photopraphs ob-
tained in cooperation with the Re-
mote Bensing Institute at
- Brookings. This will be especially
l—helpful-in~ldentifying -betiei- agri—~j_
" cultural Jand, something peopie of |
the county have indicated they
want protected from urban sprawl,

“If we zone an area strictly ag--
rlcultural, we'll protect it totaily ;
Carlsten says, *“If it gets zoned res-
wlential and it's in aprleultural use,
it'll stay vestricted for agricultural
(and taxed agricuitural), But 1f it is
subdivided, it will be considered
regidential in all senses.”

& landowner stiil bas the right to
subdivide, m a residential zone, and
the county doesn’t have to g0
threugh rezoming it from agricul-
porting agriculture, forests, natur-  tural use. At-the same lime,
al resources. and tninerals; with though. it is hoped that 1hlS\W|Il en-
orderly land use change-fo meet - courage retention of some agricul-
people's needs and protect key sites  tural and open space land within
for future development. :he I a0 strip.

ICarIsten flnds remoie s€ nsmg map valuable tool

X

o
« + . £y

- *The inevitable deterioration of = Protect thr—: lind base sup-
_the. . . natural environment, quali- |
.ty of llving and the increesing de-
» mand’ Jfor piblic services became,.
upparent and the Meade County
"commisstoners began looking for

salutions,” Bateman reported in an o Preserve a high quality envl- The land use map wiit also_help)j.—
. Agricultural Experiment Statlon  rgpment through pollution: abate- | identity flood nuzard, high=wiler

article sopn to be published, rable, spl- slippage “and other prob-
lerh areas to be accounted far in

" any firsre development.

ment, soil eroslon control, wildlfe
protection, maintaming recreation
and other special-value aress end )
avoiding particular hazards, sich ,  “I'm. sure we'll have the t'_gp_l_g
as 'flood plains. | with which we can do a better job,”

o Encourage development of; Carlsten summarizes. “1f we don't
plensant, efficient and safe com do a better job, Il be our own
munxtles. fautt,” "

Out of such eoncern came the
.countywlide comprehensive land
“use planning pilot project, ane
grounded in Iocal public involve-

‘ment.

“Since the generﬂ.l objectlve of

.; " =f}¢.

P
E1

b

1

TR T




"GEOS-I SECOR Observalions in the Pacific (Solution SP-7)"
National Fall Meeting of the American Geophysical Union, San Francisco,
California, December 7-10, 1970, ’

"Investigalions of Crilical Configurations for Fundamental Range Networks"
Symposium on the Use of Arlificial Salellites for Geodesy, Washington, D, C.,
April 15-17, 1971,

"Gravity Field Refinement by Salellite to Satellite Doppler Tracking"
Symposium on the Use of Artificial Satellites for Geodesy, Washington, D.C.,
April 15-17, 1971, '

N"GEQS-I SECOR Observations in the Pacific (Solution SP-T)"
Symposiura on the Use of Artificial Salellites for Geodesy, Washington, D, C.,
April 15-17, 1971,

“Separating the Secular Motion of the Pole from Continental Drift - Where and
What to Observe?" .
TAU Symposium No, 48, "Rotation of the Earth, " Morioka, Japan, May 9-15, 1971,

"Geodetic Satellite Observations in North America -(Solution NA-8)"
Annual Fall Meeting of the American Geophysical Union, San Franeiseco,
California, December 6-9, 1971.

"Scaling the SAO-69 Geometric Solution with C-Band Radar Data (Solution SC 11)"
Amnual Fall Meeting of the American Geophysical Union, San Francisco,
California, December 6-9, 1971.

"The Impact of Computers on Surveying and Mapping"
Annual Meeting of the Permanent Committee, International Federalion of Surveyors,
Tel Aviv, Israel, May 1972,

"Invesligations on a Possible Improvement of Terrestrial Triangulation by Means
of Super-Control Points"

JAG Internaiional Symposium - Satellite and Terrestrial Triangulation,

Graz, Austria, June, 1972,

"Free Adjustment of a Geometric Global Satellite Network (Solution MPS7)"
JAG International Symposium - Satellite and Terrestrial Triangulation,
Graz, Austria, June, 1972,

~

"Conjugate Gradient Method (Cg-Method) for Geodetic Adjustments
Annual Fall Meeting of the American Geophysical Union, San Francisco,
California, December 3-6, 1972.
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"Preliminary Results of the Global Satellite Triangulation Related to the NGSP"
Journees Luxembourgecises de Geodynamique, Luxembourg, February 19-21, 1973.

"Present Status of Global Geometric Satellite Triangulalion and Trilateration
54th Annual Spring Meeting of the American Geophysical Union, Washington, D.C.,
April 16-20, 1973.

"Free Geomelric Adjustment of the OSU/NGSP Global Network (Solution WiN4)™
First International Symposium on the Use of Artificial Satellites for Geodesy
and Geodynamics, Athens, Greece, May 14-21, 1973.

"Earth Parameters from Global Satellite Triangulation and Trilateration"
International Symposium on Earth's Gravitational Field and Secular Variations
in Position, Sydney, Australia, November 26-30, 1973.

"Review of Problems Associated with Geodetic Dalums"
International Symposium on Problems related to the Redefinition of North
American Geodetic Networks, Fredericton, N.B., Canada, May 20-25, 1974.

"Marine Geodesy - Problem Areas and Solution Concepts"
International Symposium on Application of Marine Geodesy, Batielle Audiforium,
Columbus, Ohio, June 3-5, 1974.

"Station Coordinates and Geodetic Datum Positions from the National Geodetic
Satellite Program™

First Pan American Congress and the

Third National Congress of Photogrammetry, Photointerpretation and Geodesy,
Mexico City, Mexico, July 7-12, 1974.

"Review of Classical Methods for the Determination of Ceodetic Datums"
Iniernational Colloguium on Reference Coordinale Systems for Earth Dynamies.
(IAU Colloquium No. 26)

Torun, Poland, August 26-31, 1974,

"Global Satellite Triangulation and Trilateration Results!
Intercosmos Symposium on Results of Satellite Observations
Budapest, Hungary, October 21-24, 1974,

"Crustal Motion Monitoring with the Proposed Close Grid Geodynamics Satellite
Measurement Sysftem!

IUGQG XVI General Assembly

Grenoble, France, August 16~-31, 1975,
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"Western European Satellite Triangulation (WEST) Station Coordinates in the
OSU WN14 System" ’

IUGG XVI General Assembly
Grenoble, France, August 16-31, 1975,

"Aspects of Positioning Using Satellite Borne Laser or RF Systems"
Symposium on New Methods of Space Geodesy
Leningrad, USSR, November 24-30, 1975.

35



Attachment 1

U.5. DEPARTVIENT OF CONMIVIERCE
National Cceanic and Atmospheric Administration

NATIDONAL OCEAN SURVEY
Rockville, Md. 20852 C13/BKM

September 16, 1975

br., Ivan I. Mueller
"Department of Geodetic Science
The Ohio State University

1958 Neil Avenue

Columbus, Chio 43210

Dear Dr. Mueller:

In accordance with our teisphone conversation about two months ago,
data for 55 stations along the transcontinental traverse network

are enclosed. These data include NA 1927 Datum positions, elevations
and geoid heights; M-R '72 Datum positions {see comments attached);
and Doppler results for each statiom.

The data sheets are arranged in numerical order by station number.

A sketch of the transcontinental traverse net, attached to the data,
shows the approximate location of each station. Please note that
Doppler positions were redetermined at the following four stations.

1 - 20001-52001-60001
2 - 52002-53002
3 -~ 520063-53063
4 - 30029-51127

The M-R '72 Datum positions and geoid heights are considered as
preliminary. A simultaneous adjustment of the T.T. net will be
performed after the field surveys are completed. The expected
completion date is July or August 1976.

Sincerely,

BN T ead s

B. K. Meade
National Geodetic Survey (Retired)

Enclosures (2)
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Comments on M-R '72 Datum Geograbhic‘Positions

‘he geographic positions of stations given on the Doppler
lata sheets, identified as the M-R '72 Datum, were obtained
‘rom adjustments as follows.

1 - Hestern Toop adjustment of the transcontinental

' traverse. This loop involves stations 10006-10018~
51103-30098-30099-10006. The NA 1927 Datum position
of MEADES RANCH was used for position control.

2 - Eastern loop adjustment of the transconiinental
traverse. This loop involves stations 10006-10019-
20001-51068-20016-10018-710006. Also the Toop
involving station 10003 and section from 20016 to
junction near 10079. The NA 1927 Datum position of

~MEADES RANCH was used as position control.

3 - Northeastern section of the western loop from junctior
north of MEADES RANCH to 51044 to 3060%9. ‘The junction
point north of MEADES RANCH and station 300899, as
determined in the western Toop-adjustment, were used
as position control.

4 - Positions of stations 51014-51015; 51048; 10031; and
10055 were. determined from spur adjustments with
control from the main traverse iocops. ) :

5 - Stations 10018, 51067, and 51030 are common to the
eastern and western loops. The positions given for
these stations are the mean values of results from
the eastern-and western loop adjustments.

Comments on Doppler Data

.The original versjon of NOAA Form 76-178 gives the Doppler
X-Y-Z coordinates and height above the elllgsoid referred
to the tracking equipment reference point.* The height of
“the reference point above the mark is given with the data.

The Doppler positions and ellipsoid heights furnished by
DMATC, Form 115-84, have been corrected to agree With
results computed by DMAAC, dated October 7, 1974. N\

A11 Dopplier data to be used in the new adjustment of the
NA 1927 Datum, determined from computer programs of other
organizations, wiil be recomputed using the NGS program.

B. K. Meade .
National Geodetic Survey (Retired)
September 16, 1975

37



% Doppler positions to be reobserved during
the summer or £all of 1975.

20001~52001 -
£0001.

» 52063-53063
10032 -10116-10117

8¢

51015

U. S. Network of transcontinental traverse and Doppler :

stations at points along the traverse. Doppler positions y 51015
have been observed at additional traverse stations along

the interior sections of the western loop, however,

adjusted positions based or the M-R '72 Datum are not

available on this date, 5%;fjfT, 1975,
/¢



Attachment 2a

UNION GEODESIQUE ET GEOPHYSIQUE INTERNATIONALE

ASSOCIATION INTERNATIONALE DE GEODESIE

Comrunications présentes &
la XVI Assemblée Gémdrale de 1'A.T.Ge

Section
2 P

The Nottinghem multipiller bese line
Voishikenazi and A.H. Dodson = UuKe

b

Proposed Systen for high accuracy gsodelbic measurements over
long distances

J. Loving o TeSehe 002
Veloclty of light in vacuo
AcVe Kondrashkov L Uas nS oRe @ 0 3

.’ The influence of molscular resonances on groups velocity of
light in E.D.He
Y.5. Galldn ~AcA. Genike ~ UaS.5:R.

004

~

: Interferomoter for msasurements of geodetic refraction
YoTo PTi_LlepiIl = Us.Se3:Re

005

The topographic atmosphsyic reduction of mean xefractive indax
Ho SCh&dliCh DDoRs

606

“_‘kperimsntal researches corserning turbulencs behaviour of grovnd
nzar air stratum
. Leng He = DoDoRo

07

" 0n levelling refraction
- o Stefanovil - Yougnslavie

0038

Highepr accuracy of 13t order heights end vertical crustal
movements by motorized levelling
© He Peachel = DaDoRo

—

008

Recent resulis of precise geodstic survey in Japan
~ Ho Suzuki T, Harada

PP—

010

39




Status of the new adjustments of the North Americen horizontal
datum IT

J.D. Bossler =~ UcSode 041 %
The geodetie datn base at NGS

Charles R Sehwarz = UsS.ho 012
NGS Computer programs for the sdjusimsnt of horizontal networks

Jo Gergen - Che Schuarg « U.S.A. {)j 3 ¥
Computation of precision of dis‘cancés in two and three
dimenisional figures

Ge Bruins and L.Ge Bisselink - Hetherlands 014 x
Comparing the stellar friangulation o the terrestrial st order

triangulation

Jo Kelduri - Finleng 015 %
Tumerical filtexring of trilateration networks

Hn Kahmen = DoBeRa &

016

. Relation batween fundamantal ssironomical constants and the msjor -

geodetic conatanis
S. Honriksen = UaSodo -

017

> X X

Strenght of long lines in terrestrisl geodetic control networks
VO AShkenazj._ w Pole G.'L"OSB - UoKo

018

Smoothing of lLaplace Azimmths
Do Ehlert = DaB:Re

019

On the accuracy of Longitude obzervation with the VUGTE-CSSR
Go Soltan -~ DoB.oRe

On the temperature influence upon the transit observations in the
meridian )
Jo Ditirich -~ DeDoRe

Latitude and Longitude determinations with a 'tz-ansportable zenith
camera

Jo» GESSIFR end G. SEEBER =~ D.B.R.

022

s 40



P S

sha entablisuent of a net of vertical deflection points in
1taly by mesns of a photo-sstrenomic procedure

. BIRERDL - ITtalie 023] « x
pse of Doppler positions {0 control classical geodetic networks n
JoF. DRACUP = UoS.4e 024 @
Copparisen between the resulis of estronomical and Doppler
satellite observations
S. TKACT - Japon 025 =
Semi dypamical Doppler satellite positoning )
© VELIS DoBo = UsSedo 0928
“Resulis of the Doppler campaign of Summer 1974 in Ttaly
* Le CIRAOLO, Lo MEZZANT - Ttaly 027 =
-~ Yeriation of latitude and longitude of stetion of CGERGA from
oppler satellites tracking end mrecise satellite sphemeris
. Ko CAPITATHE = L. SATNT-CRIT - France 028 =
Semi~dynamical Doppler satellite positioning
. DoEs WELIS = Jo KOUBA = Canade 029
£
- Pos:ation determination using Doppler observations of 'th@
Havy navigation Satellites
| Pe YIISON ~ DeBoRo 030
Determination of the Barth®s Rotation by ILunar Lasér ran@.ng
: Po EENDER ~ Do CURRTE = Jo MULHOLLAND « Jo WILLIMMS = UeS.Ao 031 %
Results of merotrismgulation with Apollo Lunar photography
JnRo IIUGAS - UeSer 0 8 2
Fittlng of Leser range measurements of one station by means of
orbital method
HO FONTAG‘ DBDERO O 8 3
On the derivation of short term variations in polar motion from
laser ranging to artificial satellites . a
"L STANCE - DoDoRo 034 ¥«




Experiments obtained by the Potsdam Laser ranging Emipment

He FISCHER - Ro NEUBERT ~ CHo SFEIXE = Ro STECHER - D.D.R. 035
An Investigation of the calilration error of the laser ranger
Hebtzell

Ko NOTTARP = H. SEEGER = Po WIISON = DoB.R. 036
The meeswrement of latitude time and height variations at a

gingle laser station

PoJ, DUNN ~ D.H. SHITH ~ R KOLENKTEWICZ -~ U.S.A. O 37
Long base line gecdesy using & mobile lonar laser stakion

B. SILVEREERG « U.S. A. 38
Geomatrie sdjustment of ¥: Furcopean satellite triangulation 9

Y. EERNSFERGER = DoBeR. 036

 Determination of a simple layer density on the earth's surface
from changes of setellite motion parameters
Yolls EREMEIEY = Molo YUHKINA = UoReS.S5e

040

The analysis of the accuracy of the distance detsrmination between
two stations on the Barth swrface when the distance between two
- artificial satellites has been mes.sured

He_SOLARIU ~ Yougoslavie

041

Hethods for analysis of long pericdic orbit varistions
Bolo DOUGLAS = CoGo GOAD w JoG, MARSE = T.S.40

042
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Attachment 2b

Western Eurcpean Satellite Triangulation (WEST)
Station Coordinates inthe OSU WN14 System

Alfred Leick, M. Arur and Ivan I. Mueller
Department of Geodetic Science, The Ohio State University, Columbus

1. Iniroduction — The Ohio State University acauired the data collected during the WEST program
to irmmprove the values of some station coordinates on the Eurcpean continent which are presently
included in the OSU WN14 solution [3]. The secondary aim of the solution was to add some new stations
and to assess the quality of the WN14 solution with the help of the additional data available,

The WEST optical data was available in two forms. In the first form the data comprised the
direclion cosines of a single fictitious image per plate and the corresponding standard deviations
derived from polynomizl fitting, The second form contained the direction cosines of seven fictitious
images without stafistics.

Solutions with the single image data have been completed and the fesults are summarized
here in a brief form. More detail may be found in [6].

2. Mefhod of Computation and Resulis — A modified version of OSUGOP [5] was utilized to
obtain the normal equations .and to perform the adjustment.

Tahle 1 gives a list of all the stations for which observational data was available. The
stations had to be renumbered in order to avoid confusion with the WN14 numbering system.

Stetions which already sppeared iv the original WiN14 solution were constrained in the new
adjustment to their WN14 coordinatzs (see [3]) with weights compatible to their a posteriori
variances, These stations are indicated with an asterisk in Table 1,

For appropriate sealing the chord 6006 TRO\ISO 6016 CATANIA was constramed to
3,545, 871.454m with a weight corresponding to 1t 10°.

Relative constraints were also applied to maintain the relative positions of nearby stations,
These relative constraints are based on survey information available in [1], {2] and [4] (Table 4.)

Ellipsoidal beight constiraints were also applied after transforming the Furopean Datum
height information available in [2] to the WIN14 system (Table 3.)

The {inal coordinates as a result of the solution with the single image data are presented
in Table 1.

The transformation parameters between this solution and other recent solitions which give
the coordinates of common stations are presented in Table 2,

3. Conclusions — In all cases the variances of the ex-stations in the WN14 solution have
improved by utilization of the WEST single image data. The coordinates of the siations 8705
(BRDUX), 8712 (OPICD, 8713 (ORIAA) and 8714 (SRDIN) still exhibit eatraordinarily large standard
deviations. This is an immediate result of increased variances in the observational data, See [2],
Table 4, which gives the standard errors stationwise as obtained by the smoothing procedure.

The adjusted coordinates of 8711 (CATAN) were also expected to exhibit a large standard deviation
according to [2], Table 4, bul this station has been connected to the nearby WiN14 station GOLS

Submitted to the XVI General Assembly of the IUGG, Grenoble, August 18 - September 6, 1975.
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{CATANIA) by relative constraints, and therefore does not exhibit a large variance. The large
standard deviations at station 8722 (REKVK) are due to unfavorable geometric conditions and
insufficient numbers of observations.

The transformation parameters in Table 2 show that the origin of the present WEST

solution coincide with the W14 origin, as was intended. The parameters for the ED 50 datur
can be regarded as reliable, while shifts with respect o the solutions NGS, SE3 and GEJIG
should not be overemphasized due to the lack of adeguate numbers of common stations,

By

{2

i3]

[4]

[}

(6}
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. OSU X (e Y oy A oy Name WEST
o, . No,
#6006 2102927.8 2.2 121665.6 2.6 59581818 2,3 TROMSH 14007
6016 4896388 .4 1eb 1316170.7 2.2 2BHabEB.1T 1.8 CATANIA
6065 4213564.2 1.8 B20829.8 2.2 4702781.9 1.9 PEISEN
*8009 3923390.0 4.1 2998757 5.4 5002971.9 3.6 DELETH 9001,
*B010 43317299.7 2.5 567T500.4& 5.1 4633113.7 3.6, 21MLD 12001
*8011 3920161.1 3.5 ~134766.6 5.3 5012730.27 3.7 MALVRN 13002
*8019 4579462,5 3.5 5B65R5.T 6.7 4386418.8 3,7 NICEFR 5004
#8030 4205628.3 4.5 163697.3  T.8 4776540.2° 4.0 MUDONI 5001
8701 4194420,8 4,0 1162689.6 Tl 46472034 4.8 GRAZA 1001
8702 4027911.8 4.8 306993.8 7,8 4919441,0 5,3 BRXOR 2001
8703 3513620.8 T8 T78932.6 6.9 5248202.4% 5.3 COPHN 8703
B7T04 418R643.3 2.b 5714313.8 4.7 4760145,9 4.0 STRBG 5002
AT05 4530509.7 16,9 ~41750.8 32.3 4474376.3 17,5 BRDUX 5003
8706 458788B.7 7.2 419515.6 5.2 4396444,7 1.8 GOULT 5005
8707 3818496.3 5.3 708046.0 5.7 5042645.9 4.5 BRNSG 6004
BT08 4041858.2 4.8 620677.3 6.4 4B78632.9 4,6 FRNFT 6005
BT09 4213543,4 1.8 B820776.4 2.3 4702807.0 1.9 HOPRG 6010,6110
8710 3818494,5 5.3 108047,.3 5.7 50426406,1 4.5 WSNDF 6012
8711 4B896386.8 1.5 1316170.3 2.2 3856670.3 1.8 CATAN 8004 .
8712 4335515.2 317.0 10630802 29,1 4540934,2 18.8 OPICI 8005
BT13 4628609.46 18,9 14719570 37.9 4120465.3 26,4 DRIAA 8006
8714 4885405,7 22,8 T84007.4 28.6 4011527.4 31.% SRDIN 2007
B715 4896390.8° 1.5 1316178,5 2.2 38566672.4 1.8 TANIA HOOY
8716 4850679.1 8,3 ~315920.2 8.7 4116616.4 10,1 MADRD 100032
R717 4850679.1 .3 =315932.9 Boe7 41166161 10,1 MADR] 10013
B718 4146528.6 6.1 613106.3 6.7 4791490.5 b6 KLSRH &006
8719 4B883056.8 1.5 1306097.6 . 2.2 3879629.2 1.8 CATNA 8009
8720 3104184.0 12.2 998354,1 S.7 5463291.9 6.3 LOVOA 11002
8721 3593850.3 9,3 -202776.1 7.5 5248065.1 6.9 EPNBG 13001
8722 2592004.7 10.0-1078487.6 17.7 5707860.5 5.7 REKVK 15001
8723 3919681.0 4.1 298822.2 5.4 5005897.7 3.6 DELFY 9002
" Table 1. WEST {33). Coordinates in the WN14 System
(all unils in meters)
Solution NGS SE3 WN14 GEMS6 ED50
{(comb.) .
No. of Stations 3 5 8 -3 23
AX (m) ~11,4:1.8]-11.9+3,5 {-0.4+1,2 | -22.5:2.3| -96.6+8.3
AY () ~10.6+:2.2|-20.4£4,1 | 0.6£1.6 |~30.1+2,9{-122.1£3.4
AZ(m) 11.6£2.0| 9.263.5 [-0.651.4 | 6.1:2.5]|-126,3:3.2

Table 2. Transformation Parameters (WEST(33) - Other System)

REPRODUCIBILITY OF THE
ODTATNAT. PAGE TS POAOR.
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Station

6006
6016
6065
8009
8010

8011
8019
8030
8701
8702

8703
8704
8705
8706
8707

113.2
16.3
960.1
41.1
920.6

135.0
394.7
183.2
490.8
114.1

91.4
164.5
107.3
224.2

81.1

Ellipsoidal
Height (m)

Table 3. Height Consfraints*

Ellipsoidal
S(m) Station _ Height (m) Trm)
4.0 8708 186.7 3.0
4.0 8709 949.3 3.0
2.5 8710 80.4 3.0
4.0 8711 15.4 3.0
2.5 8712 393.4 3.0
4.0 8713 194.4 3.0
4,0 8714 144.4 3.0
2.5 8715 15.4 3.0
3.0 8716 686.8 3.0
3.0 8717 686.8 3.0
8718 - 143.7 3.0
3.0 8719 1740.9 3.0
3.0 8720 , 40.8 3.0
3.0 8721 300.6 3.0
3.0 8722 . 0,6 3.0
3.0 8723 13.5 3.0
6

Table 4, Relative Pogition Constraints

From Station To Station

8711
8711
8715
8'}’07
8716

8009

8711

6065

i

8719

8715

8719

8710

8717

8723

6016

8709

B X(m)

13329, 91

-4.04
13333. 95
1.78

-0. 06
3709. 06
~1.61

20,79

53

AY(m)
10072, 67
-8;24
10080, 89
~1.33
2,70
1033,54
-0.43

53.37

A Z(m)
-22958. 92
7.88
~22966. 80-
-0.16
0_..';.8
-2925.82

2.17
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Attacl}ment 2c

Crustal Motion Monitoring with the Proposed
Close Grid Geodynamics Satellite Measurement System

Ivan I. Mueller, B.H.W. van Gelder and M. Kumar
Department of Geodetic Science
The Ohio State University, Columbus

Abstract

The Close Grid Geodynamics Satellite Measurement System consists of a
satellite -borne laser or microwave system and closely spaced inexpensive reflectors
or transponders on the ground. The feasibility of the syslem is investigated and
_the expected accuracies, based on extensive simulations, are presented. Various
possible applications, including crustal motion monitoring, are discussed.

¥ ¥ ¥ ¥

1. Introduction. -~ Originally, CLOCEQCS was conceived as an orbiting rang-
ing device with ground base reflectors. A grid of these reflectors (spacing 0.5 -
50 km) which are projected to be low cost (passive, meaintenance free and unattended)
will permit the saturation of a local area to obiain deta useful for geodynamic and
.geodetic (oceans included) purposes. In this investigation 2 frst attempt was made
to get an insight on how maximum accuracy of relative station positions can be
achieved in a short time span (3-5 days).

2. Instrumental Concepis. -- Measurement systems as laser radar, RF
radar or a combination of both operating in continuous wave or pulse mode are
able to provide ranges, range rates (Dopp‘er) or range dlfferences (integrated
Doppler).

In this study only ranges were considered with the already feasible laser pre-
cision of 10 cm. The ranges are observed in two modes,  simultaneous and non-
simultaneous.

Two types of vehicles carrying the transmitter have been considered: A.
Satellites at varioug aliitudes: 392, 657, and 1007 km. The satellite orbits (passes)
were generated with the Goddard Trajectory Determining System {(GTDS), developed
at NASA's Goddard Space Flight Center [1,2]. B. Airplane flying at an altitude of
9 om.

3. Ground Stations , Two types of stah.ons were considered
(Fig. 1): A, Nine grid sta.tlons wzth a spacing of 5' were chosen in the vicinity

of the San Andreas Fault area in California ( Aw = 9.3 kan and AX = 7.3 lun). The
ellipsoidal height differences between the stations were varied between 0 and 1000m.
B. Three distant reference stations were selected oufside the grid area near

San Diego, and Quincy in Califormia, and near Bear Lake, Utah.

4. Recovery of Relative Positions of Grid Stations. -- Having simaultaneous

Presented at the XVI th General Assembly of the IUGG, Grenoble, August 18-
September 6, 1975.
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and non-simultaneous ranges two different algorithms can be used to compute the
relative positions of grid stations: A. Geometric adjustment swhich takes advantage
of the simultaneity of the observations. The software used was the Ohio State
University Geometric and Orbital (Adjustment) Program for Satellite Observations
(OSUGOP) [3]. B. Short arc adjustment (dynamic mode) which does not have the-
reguirement of simultaneous observations. The software used was the Short Arc
Geodetic Adjustment Program (SAGA) [4,5].

Since a range measurement system lacks any coordinate system definition,
especially in the geometric mode, the recovery of the relative positions was express=
ed in terms of the estimable gquantities, the lengths of the chords between the grid
stations (Fig. 1) and the angles between the chordslé:l.

5. Geometric Mode Results. -- The geometric mode leads to a very simple
mathematical model. However, local satellite ranging networks often degenerate
into critical configurations (see Table 1, line 1) as opposed to global satellite rang-
ing networksI8l.To avoid these critical configurations two possibilities are mentioned:
l. Separate stations in height cither by giving the grid stetions some height differ-
ence AH (Table 1, line 2), a possibility only in the case of. accomodating topography,
or by including into the observation campaign the three reference stations outside
the area {Table 1, line 4). This possibility has the stringent requirement of having
favourable weather conditions at 4 different sites (grid area and 3 reference stations).
%Z. Separate the ranging devices in height, The best (and most realistic) solution,
to avoid the effects of critical configurations within the limited area of the grid is
the combination of an airplane and a satellite (Table 1, line 5. Note thatno distant
[reference] stations are needed). The only disadvantege of geometric mode is
the instrumental problem related to the realization of the simultaneous observations.
These at least for the lasers may be overwhelming.

6. Short Arc Mode Resulis. -- The absence of the requirement of heving
simultaneous observations and the absence of the bothersome critical configurations
arethe main advantage of the short arc mode. However, in order to get stability
in the solutions the 3 distant (reference) stalions must be observed during each
pass (Table 1, line 6}. A pass of 4 to 10 minuies lengths for satellites at altitudes
between 400 and 1000 km, is so short in duration of time that favourable weather
conditions almost sirnultaneously at all the sites might be just as a stringent require-
ment as in the case of the geometric mode. (Short arc mode using RF radar
may alleviate the weather dependency but is negatively compensated by more serious
refractional problems and more complex active grid stations).

7. Conclusions and Applications. -- Ranging with 0;= 10 em and 500 cbserva-
tions per station can recover relative positions well (Ur,-_' = 4 cm and Ivri_ < 3em).
Unit efficiency UR/Crri_ can be achieved with fewer obselvations (50-100). 1 Expected
improvements in the L ranging accuracy (to 1-2 cm) and in the corresponding pre-
cision makes the proposed system an excellent candidate for geodetic and geo-
dynamic applications. , As far as the mode of operation is concerned in case of a

laser system the following trade-offs need to be considered:

The likeliness of having meore or less favourable weather conditions at
4 distant sites in case of the short arc mode (possibly with a single
satellite and non simultaneous ranging) wvs. the feasibility to overcome
instrumental problems in the geometric mode (airplane and satellite with
simultaneous ranging).
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In case of an R¥ system neither of these problems are critical, and
the decisive factor is whether systematic errors effecting the R¥ systems
can be reduced Lo the level of those effecting the laser systems.

Possible candidates as users of a Close Grid Geodynamic Measurement
System (CLOGEQS) are: Solid Earth - motions near plate boundaries, subsidence
and uplift, regional strain measurements horizontal motions. and dilatancy near
faults, post earthquake resurvey, regional tidal loading, volcanism associated
motions, surface motions on unstable slopes, geodetic surveys. Cold Regions -
dynamics of pack ice and ice islands snow/ice motions in major ice sheets, profile
and flow of glaciers, surface motions in permafrost. Marine Geodesy - positioning
of ocean bottom geodetic reference frame, positioning or tracking of surface houys.
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Atlachment 3

USSR Academy of Sciences
Astronomieal Council
International Seminar "New Melhods of Space Geodesy"

Leningrad, 24 - 30 Novembey, 1975

PRELIMINARY PROGRAM

25 November

Morning Session (10 am - 2 pm)

The Opening Ceremony -~ Bakratov - Greetings

A.H. MASEVICH, N.P. ERPYLYOV, S.K. TATEVYAN (USSR) - Review of Space
Geodesy Programs as Realized by the Astronomical Council of the USSR
Academy of Sciences in 1970-1975,

J. KOVALEVSKY (France) - Installation du Centre d'Etudes et de Recherches
Geodynamiques et Astronomiques (CERGA).

T.J. KUKKAMAXKI (Finland) - Utilization of the 890km L.ong Geodimeter
Traverse in Space Geodesy.

E.P. FYODOROYV (USSR) - On the Observational Methods used for the Earth
Rotation Studies.

EITSCHBERGER (FRG) - On Problems of Accuracy of World Geodetic Data from
Saiellites.

W. PACHELSKI (Poland) - Resulis of the Analysis of Taser Ranging Measurements
.and Synchronous Photographic Observations of GEOS-B (1968) by the
Successive Adjustments Method,

Afternoon Session {4 pm - 6 pm)}

Y. ROZAI (Japan) - Orbital Elements of GEOS~A and -B by Use of Laser
Observations.

A. DINESCU, N.RADULESCU (Rumania) - Sur la Determination preliminaire
de 1a station de Bucarest dans le systeme ""The Standard Barth. '
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KISSILEV and BIKOV (USSR) - Orbital Elements from Direcl Observations.

M. BURSA (CSSR) - The Satellite Altimetry and the Scale Factor of the
Geopotential.

F.NOUEL (France) - Traitement des mesures et resultats de Geodesie Spatiale
par recepteur Doppler.

26 November

Morning Segsion (10am - 2 pm)

YU.L. XKOKURIN, V.K. ABALAKIN (USSR) - On Potentialities and Some
Results of the Laser Ranging fo the Mcon. .

I.I. MUELLER (USA) - Aspects of Positioning using Satellile Borne Lasers.

V.V. ZLOTIN (USSR) - On Necessary and Practicable Accuracy of Accounting
for the Light Velocity Variation in the Atmosphere in Laser Ranging to
AES and to the Moon.

G. KARSKY (CSSR) - On the Problem of Reduction of Heterogenecous Satellite
Ohservations in a Loeal Network.

J. KOSTELECKY (CSSR) - Problems of Accurate Reduction of Observations to
Synchronous Time Moments.

J. KAKKURI (Finland) - The Finnish Stellar Triangulation Net as a Geodetice
Control for the First Order Terrestrial Triangulation.

J. KABELAC (CSSR) - First Realizations of the Triangulation Project
using High-altitude Targetis in the CSSR.

M.V. PAUNONEN, A.B. SHARMA (Tinland) - Satellite Laser Transmitter and
Receiver, Technical Solution and Test Resulls.

Afternoon Session (4pm - 6 pm)
H, KAUTZLEBEN, CL. ELSTNER, G. HEMMLEB, H. MONTAG (GDR) -
Complex Studies in the Planetary Dynamics of the Earth.

N. CAPITAINE, L. SAINT CRIT (I'rance) - Variations de la latitude et
longitude de 1a station Doppler du CERGA.,

" N.L. MAKARENKO (USSR) - On the Accuracy of Geometrical Satellite Method
as Applied to Constructing a Regional Geodetic Network.
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27 November

Morning Session (10am - 2 pm)

L.P. PELLINEN, O.M. OSTACH, G.V. DEMYANOV (USSR) - On Prospects
of using the combined Satellite, Gravimetric and Astrogeodetic Data for
Determination of the Figure and the Gravity Field of the Earth and their
Time Variations

L.R. KOGAN, V.I. KOSTENKO, L.I. MATVEYENKO (USSR) - On Potentialities
of the Radio-interferometric Facility of the Instituie for Space Research as
Applied to Geodesy and Astronomy.

W.H. CANNON, R.B. LANGLEY, W.T, PETRACHENKO, N.W. BROTEN,
D.L. FORT, T.H. LEGGE (Canada), P.A. BARBER, M.J. QUIGLEY
(England) - Geodetic and Astronometric Measurements using the
Algonguin-Chilbolton Long Baseline Interferometer.

P.E. ELIASBERG (USSR) - On Interfering Parameters Affecting the Solulion
of the Problem of Combined Determinalion of the Earth Figure and Gravity
Field,

V.5. GUBANQV, YU. 5. STRELETSKY, N.D. UMARBAYEV, B. A, FIGARO
(USSR) - On Prospects of Solution of Astrometric Fundamental Problems
by use of the VLBI and Special Space Experiments.

M. L., LIDOV, YU.F. GORDEYEVA (USSR) - On the Mascons' Influence on
Determination of the Moon's Gravitation Coefficients,

HALMOS, F., ADAM, J., ALMAR, 1., FEJES, I. (Hungary) — An Application
of Radiotechnic Methods (Doppler Measurements) to AES Observations
for Solution of the Geometrical and Dynamical Problems of Space Geodesy.

G. BALMINO, B. MOYNOT (¥France), CH. REIGBER (FRG) - Modele de
potentiel terrestre GRIM 1.

28 November

Morning Session {10am - 2 pm)

M.S. PETROVSKAYA (USSR) - On Construction of the Everywhere Convergent
Geopotential Expansion,

V.V. BROVAR (USSR) - Coordination of the Satellite and Gravimetric Obser-
vations in Calculalions of Harmonic Coefficients of the Potential of the
Ellipsoidal Earth.

GH. VASS (Rumania) - On the ATU-75 Network Adjustment.

N, GEORGIEV, B. SHUSTOV (USSR) ~ On Mechanical Approximation of AES
Orbits by Means of Power Series.
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M. SOLARIC (Yugoslavia) - On Determining the Distance belween Two
Terrestrial Surface Poinls by Use of Two AES.

A. CAZENAVE {France) - Determination des Coefficients des marees
oceanigues a partir d'observalion des satellites,

L.K. LAUCENIEKS (USSR) - The General Theory of the One-parameter
Mobile Barrier.

IVANOVA (USSR) - Improvement of Orbit using Photographic Observations of
Planets.

Closing of Seminar

Proceedings of the seminars will be published by the Astronomical
Council, as Vol. XV of the Observations of Artificial Satellites.
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