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Abstract

The optimum orbits' of the geodetic satellite GS-1, expected to be launched after 1982, are .
here investigated. The satellite is a balloon, approx..10m in diameter, which can be observed by
both photography and laser ranging so that its direction and distance can be determined simulta-
neously. The role of the satellite is to determine the positions of the isolated islands around
Japan, with an accuracy of +1~2m, with respect to an unified geodetic system for establishing
the marine geodetic network which is to be a positioning reference system in all scientific inves-
tigations in the sea area, and to correct the national triangulation network on land. - In order to
accomplish these programs the satellite orbit should be selected in such a way that will satisfy -
the following conditions: i) the satellite can be photographed with a moderate size astrograph to
determine its direction and time, ii) laser ranging is possible with a comparatively simple device,
iii) there are plenty of chances for simultaneous observation from two stations approx. 2000km
apart, iv) the satellite will remain in orbit for five years or more during which the observations
can he completed as scheduled, and v) there is little difficulty in the problems of safety and tech-
nique needed the satellite into the orbit.

From the standpoint of planning the observation program, and the efficiency of the obser-
vations, it is desirable that the orbit be circular. The optimum values of the orbital height and
inclination, which directly affect the chances of observation, have been investigated through nu-
merical analysis and simulation, taking the conditions enumerated above into account. Through
the analysis the relationships among the satellite irradiation, observable area on the earth’s surface,
and the occurrence of observation chances, have been evaluated by providing a varied orbital height
and observable elevation angle limit. During the simulation the positioning éccuracy and the ob-
servation times have been evaluated by using the sham observation values derived from the nor-
mal random numbers. The conclusions are as follows :

Concerning the orbital height, although the positioning accuracy of the observation sta-
tions depends on the accuracy of a single observation, due to the satellite height and direction,
such an effect is smaller than the effect which the height has on the number of observation chances.

The number of the observation chances also depends on the optical capacity of the astrograph.
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The lower the optical limit of the observable elevation angle the more the observation chances,
although scintillation becomes significant in ‘the lower elevations. If the astrograph is effective
for all areas above some fixed angle between 20° and 30°, it is better to adopt a higher orbit,
within the limit of the laser ranging. If there is a lower limit in the elevation angle, at approx.
30°, there is not so much difference in the observation chances for heights of 1400~1600km. If the
optical capacity of the astrograph is insufficient, it appears to be better to adopt a lower orbit,
But this is no more desirable because of the decrease. of the absolute amount of the chances.

For the inclination, the simulation shows that there are no remarkable differences in the
chances due to an inclination between 45° and 55° in the case of observation in Japan and its sur-
rounding area. Hence an inclination should be decided; which will minimize any error in height
at the launching, optimize the period of observable seasons, and, if necessary, enable the use of
the satellite by stations in other regions of higher latitudes.
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Figure 1 Relation between orbital plane and observation

stations and irradiation of the satellite
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Figure 2 Relation between opacity of the satellite and

elevation angles of observations
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Figure 3 Relation between the numbers of photo-electrons

and elevation angles of observations
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Table 1 "Ratios of observatlon efficiencies”
(the case which is observable for all area upper than some fixed elevation angle)

: for n=0
limit elevation angle
\\\\\\\\\\\\\\\\\\\\\\\\\ 200 | 25° | 80° | 35 | 40° | 45°
orbital height - . ‘ ‘ ' ~ "
1300 km ; C ] 0.75 0.51 0.35 0.23 0.16 0.086
1400 0.87 | 0.61 0. 42 0.28 0.18 0.11
1500 1.00 0.71 0.49 0.34 0.22 0.14
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1700 1.26 0.91 0.65 0.46 0.31 0.21
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Table-2 Ratios of observation efficiencies
(the case there is a limit in the performance of the astrograph)
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Figure 4 Configuration of observation stations in the simulation
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(1) orsar=5cm, grry=5cm, o4syrs=0725, 04=077, ooyp=1.2p, osyr=172, o7yrp=0.54

‘TLINS:O-Z,U, Nygr=20, m=40, n=5, f=1.2m
(F2) orsar=15cm, orpy=15cm, oxsys=0735, 0x=079, ooyp=1.54, osyr=175, oryrp=
0.7y, orys=0.2p4, Ngp=20, m=30, n=3, f=1.2m

REABELIES, (1) 20Tl TH, I R&, II. AEEE LT Table 4 |, 1. FHE
. gk, W FEESE LT Table 5 KABIGEFEERRT. KL o 2RLERF milgE, » 282
WAORESINC E ~ e[ & DR, 2k 2 & yKELTIHELTS. TRRRELTE, BEEEIH
ATLLA I 30%, 12313 36%, BUWATIE, Theh 0%, 20%, HIWLT 0%, 25% &L, B
Bodhs 2E Uk, 3k, COLITEAMICEZEAOERRBERENAE L, TORBOENERY]
VOTREEEBLLVEADOEE Table 6, 7 [GRY. 11k (B12) oA, Table 4~7 @b;\fn

BaD (x, 9, 2 fBb, L6fELIcbDERs. !

Table 4 Accuracies of position decision estimated by the simulation

(considering weather condition) (unit meter)
1. Simosato II Titisima III. Minamidaitosima

I—I I—II mM—I

numbers| (z, ¥, 2) |pumbers| (z, ¥y, 2) [numbers|: (z, ¥, 2)

1000km| 11 | 1.3, 0.4, 1.0 8 |12 1609 1 - - 4

3 bl

1300 22 0.7, 0.8, 0.8 1. - = — 26 0.8, 0.9, 0.9

L2

1500 11 |19 1.6 13| 2 |10, 08 07| 39 |07 06 0.8

Table 5 Accuracies of position decision estimated by the simulation
(considering weather condition) {unit meter)
I. Simosato II. Kusiro III. Minamitorisima

I—II I—1I m—1I

numbers] (2, ¥, 2) [numbers] (z, y, 2) [numbers| (2, ¥, 2)

1000km| 4 | 1.4, 1.1, 1.7 1| - - — 5 | 1.6 1.2, 2.5

1300 27 | 10,05 L0 | 12 |Lo, L1, 10| 7 |18 08 L2
1500 35 | 0.7, 0.7, 0.9 6 | 28 0.9, 2.0 6 | 17, 10, 1.7
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Table 6 Accuracies of position decision estimated by the simulation
(not considering weather condition) <{unit meter)
I. Simosato II Titisima III. Minamidaitosima

I—II IoO—1 m—1
numbers| (z, v, 2) numbers| (z, ¥, 2) numbers| (z, » 2) |
1000 km 66 0.4, 0.4, 0.4 62 0.3, 0.4, 0.4 47 0.5, 0.4, 0.5
1300 135 0.4, 0.3, 0.3 129 0.3, 0.3, 0.3 100 0.4, 0.3, 0.3
1500 192 1 0.3 03 03| 210 |03 08 03] 15 | 0.4, 0.3 0.4

Table 7 Accuracies of position decision estimated by the simulation
(not considering weather condition) {unit meter)
I Simosato II. Kusiro IIL Minamitorisima

I—-II I—II m—1I
numbers| (x, ¥ 2 numbers! (z, ¥, 2) numbers|  (z, ¥, 2)
1000km | 69 | 0.4, 0.3, 0.4 | 16 | 0.7, 0.9, 0.8 | 22 | 0.6, 0.7, 0.6
1300 183 | 0.3, 0.3, 0.3 | 5. | 0.6 0.6 06| 65 | 0.4, 0.5 0.5
1500 258 | 0.3, 0.3, 03| 74 |05 05 05| 77 | 0.5 0.4, 0.5
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i) BB & S

PR L HAREOBIRICOVT, KE, BHRSOBESEEET, $50m0LE0 2 A TR
RIS DIEDWTHN . Figure 5~8 [KERERY. 7L, Figure 6 0443, BHRAMWAZE 30°
EL, TRBANL 200 & Ui, BREINE 35~45 AT, ABOKEOBRTHIBEOK/NIS B,
£ OMEOHTIRA S SERBHED SN0, WAOHEEEOEHMED L &, BUBENRELE I3 MH
A% 208, BABUOMEICHE L BEAELTIL B~ BETHAD. |

5. HWEOFDH L OHIK

10m OFHA~OKGESE, BHAKEHBICH, k8B BE, #HER7 v+ vOBRBOMRT AN
BES, OBEHAE X 2HUERTIC LN, PSE 900kn Off BHGEIZRESE 930km, R{ERE
865km BEOREL/IEAYHOE THROELLENS, LEMTH I0kn OFEFECETIERDONS. ¥
t,zn—%EKowTM,1%m§§w5m,ﬂmﬁlﬁmmnf%ﬁ7¢9@ﬁ,2%wﬁgum,ﬁm
A 1,030km THASEA DA TH 7. AHEOHEHR NS IV/AEL, BANEERYD ORBRIARSL

OTUEDC EpSHHELTAHNL &b L,100km D EOBMEENSSIE, SEDMCETT 5 LiZEL BN
e,

6. BENSL LUIRMLOMESR

B, AL, fhoFEEFEER Oy v FEFNICEYT 5 7 v— T L, AEEOITH LY IKAVENA
by FOEIBEHRBEMGR v FTHD, BEBEOHANTES, COBTO.50° ouEEFAEE LR
FRTH, KE 20253 SHEEENRNC &L b5 > THUEBBAORENKE LY, 20 (o [35HE
fF%) fET 200~250km T R BB B TN A THEMEDS S 5. € OB, EHAINS T B ER
AL, R 50° Tl 0BA LT E 45° T0.91, 40°T0.85 L1705, L, Whnry FTHE2BATH
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Figure 5 Opportunities of simultaneous obser-

vations estimated by the simulation,
part 1, A=1500km, @<-—15°, ¢£<70°.
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Figure 6 Opportunities of simultaneous obser-

vations estimated by the simulation,
part: 2,

h=1,500km, «<15°, (<70
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Figure 7 Opportunities of simultaneous obser-

vations estimated by the simulation,
part 3, h=1500km, a<—15°, {L70°
The numbers in the parentheses are
for {Z60°,
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B 40~50° 12725 KD KT 2 < L S FENICIETWHET, COBAITH LUHESESEER 20 {ET 100
km BEICMZ 505, vy y FBIUERTE LHED, FEREBOE=4—-0k»0s vy vy VEOME,
BERS R T y POBETHRORAME OMBENRD D, COMMFRBERTEE,E ) PRAROKREICK
5. WINICLTHITH LB OMBEREEENCOIICAEL, BYOhEWVWET5E, COHRTOHKIR
REBERELDC &S, :

(A

uj:ﬂif\'cé‘fut&z‘)w()(@&j CEA5.

BEE R, %%EE%mﬁwﬁ%cxbﬁm@,F2&45E§@+ﬁﬁ%ébﬁ@%f&of,m
1 20°~30° D B IEL L OWA BHICHNT S 3HAIE, L —Y T BT TEOH AR E LS 1,500
hnuiﬁﬁm.bwbmﬁb,Fﬁw&&40ﬁﬁ@%éﬁﬁﬁ®Eﬁﬁ%ﬁﬁﬁﬂﬁﬁﬂ@ﬁSWEET&
BISITIE, BN 1, 400~1,600km DRI THA S AR, FEA 45 BETHIBIBAHND 150 BE
DOWESHEL B ITEESSZ. WIhicLTd, BEHEERE @Fﬁi¢émfm%§bmcaiwbmf
BBY, W, WEEE ST b O CTHILMEHE 08 2h 8 LI, LCETREENS TEbH
BABORETHY, FEEERGORHFMITRT SO m ERUETEHS.
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