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Evaluation of multi-site observation of GEO objects by simulation
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1. Introduction IHI

Realize your dreams

¢ There exists more than 16,000%*objects, not only active satellites but also inactive
satellite and upper stage of launcher, fragments from those space systems on Earth orbit.

¢ It become appear that even the latest upper stage of launcher might be the cause of many
on-orbit fragments, space debris, through Briz-M explosion on October 2012.

¢ Orbital Objects on GEO:
1,557%2
— Active satellites: 404
— Fragments, etc: 378
(20%3)

e GEO is a unique, one and only
orbit for many applications
satellites, therefore it is most
important topics to prevent —i
debris generation due to -
collisions.
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. Introduction IHI
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Space Situational Awareness on GEO regions is necessary for
sustainable space utilization/GEO application.

e Orbital determination of the satellite around geo- statlonary orbit is conducted by
optically observed data. . .

— Optical Observation Site of GEODSS:Socorro

the US Space Surveillance

Network: 4 sites T
MSSS/
From the analogy of triangulation, = EeeBSHYENT

it is supposed that the use of data GEODSS:Diego Garcia
observed from multiple sites give
some advantages to improve the
accuracy of orbit determination.

US Space Surveillance Network (SSN): Optical Site

Multi-site observation by small optical equipment might give comparable
accuracies of orbital determination by large optical equipment on one site.

IHI
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2. Assumptions

e Site Location:

Site Lat. [deg] | Long. [deg]| Alt. [m]
IHI-Tomioka i ITF | 36.2993 138.928 205
Bisei { BSG | 34.6727 | 133.545 420
Hokkaido i NAO | 44.3736 | 142.482 142
Sendai i SAO | 38.2569 140.755 164
Okinawa i TIAO | 24.3736 124.140 176
Eastern Australia i QRO | -27.4333 | 151.717 400

Difference in Lat and long from ITF

Site Alat [deg] |ALong [deq]
ITF — —

BSG -1.63 -5.38
NAO 8.07 3.55
SAQO 1.96 1.83
IAO -11.93 -14.79
QRO -63.73 12.79
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e Orbital Object to be observed:
— Existing geo-stationary satellite was assumes for simulation.
e NSS-6: TLE as follows,
1 27603U 02057A 13010.45190851 .00000000 00000-0 10000-3 0 6205
227603 0.0369 351.5205 0002994 296.6192 79.6083 1.00264833 36939

e Observation Data Generation: —
- BENEYI2AL—Y 3 VICKDSEA .
RN S BELITOREHEESY . \i' -
— BAIERE(F2EE (IR - INET0M) 1E
MOMI DERE. i
-YIaUL—Y3VICXDBSNIZHEIC
BEREZNALCEZ, 8AYRTLAD
DEREECRERUE U CERIT -5 28,
(BRAGRE - DARRE\ R EERIRIE S & RE)

SRNAER (AW W)

— Observation duration: 5 min/cycle °
— Data (image) sampling rate: 10 sec/data

—Number of data (images): 31 data/cycle Exampleof - w20
Observation Data

3. Simulation Results: IHI
Realize your dreams

3.1. Observation from Single site with interval
Two observation from single site with interval
— Site: IHI Tomioka (ITF)

_ 1st observation (UTC) | 2" observation (UTC)

Short duration (1 cyc) 2013/01/10 13:00~13:05 =

30 min interval 2013/01/10 13:00~13:05 2013/01/10 13:30~13:35
4 hour interval 2013/01/10 13:00~13:05 2013/01/10 17:00~17:05
24 hour interval 2013/01/10 13:00~13:05 2013/01/11 13:00~13:05
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3. Simulation Results:

3.1. Observation from Single site with interval

¢ Orbit determination (epoch: 2013/01/10 13:00:00)
»No determination of orbit for 24 hours interval case
»No valid result for observation with short duration(1 cycle of 5min)

393
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Short (1 cycle)| 30m interval | 4h interval TLE
ITF ITF ITF
Result Semi-major Axis (km) -49,389.168| 41,907.248| 42,185.046| 42,167.785
Eccentricity 2.212463 0.005116 0.000099 0.000289
Inclination (deg) 1.9475 0.1106 0.0975 0.0972
RAAN (deg) 103.7830 46.9480 53.6280 53.3550
Arg of Perigee (deg) 310.1164 153.7935 40.4848 241.6128
True Anomaly (deg) 344.4558 199.2957 305.9146 105.0615
Mean Anomaly (deg) 344.4558 199.4901 305.9238 105.0296
Error Semi-major Axis (km) -91,556.952 -260.537 17.261
Eccentricity 2.212174 0.004827 -0.000190
Inclination (deg) 1.850 0.013 0.000
RAAN (deg) 50.428 -6.407 0.273
Arg of Perigee (deg) 68.504 -87.819 -201.128
True Anomaly (deg) 239.394 94.234 200.853
Mean Anomaly (deg) 239.426 94.46
Error(%) Semi-major Axis (km) -217.13% -0.629 0,04%
Eccentricity 766253.48% 1672.12% -65.64%
Inclination (deg) 1903.60% 13.79% 0.31%
RAAN (deg) 94.51% -12.01% 0.51%
Arg of Perigee (deg) 28.35% -36.35% -83.24%
True Anomaly (deg) 227.86% 89.69% 191.18%
Mean Anomaly (deg) 227.96% 89.94% 191.27%

3. Simulation Results:

3.1. Observation from Single site with interval
&2/ FBETIJUDER XDFHBICIE. BRIFOEE EATIBZ EECHETE
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FDCENME
e Position errors at time (Epoch: 2013/01/10 13:00:00)
BB B S km]
TUHR | AR T6 | SRR TRZIUTC] | BB | ERARR TESZI[UTC
F2BSEEDA =i 19,377.747 | 19,130.584 | 2013/01/10 13:05:00{ 17,779.719 : 2013/01/10 14:00:45
300 BSREIEERA =3 62.067 77.242 | 2013/01/10 13:35:00 62.067 i 2013/01/10 13:00:00
40518 BSEIZEERA =M 11.725 3.566 | P013/01/10 17:05:00 3.101 | 2013/01/10 17:47:55
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3. Simulation Results:

3.2. Two sites Observation
— Two sites observations with simultaneous or time interval

|| IHI Tomioka (UTC) Other (UTC)

Simultaneous 2013/01/10 13:00~13:05  2013/01/10 13:00~13:05
30 min interval 2013/01/10 13:00~13:05  2013/01/10 13:30~13:35
4 hour interval 2013/01/10 13:00~13:05  2013/01/10 17:00~17:05

IHI

Realize your dreams

3. Simulation Results:

3.2. Two sites Observation
¢ Orbit determination (epoch: 2013/01/10 13:00:00)
Short (1 cycle) Simultaneous TLE
ITF ITF-NAO ITF-SAO ITF-BSG ITF-IAQ ITF-QRO

Result Semimajor Axis (km) 49,389.168]  43,233.631] 42,692.849] 43,310.970] 42,046.325] 42,108.172] 42,167.785
Eccentricity 2.212463 0.087270 0.043129 0.092687 0.014870 0.006915 0.000289
Incination (deg) 1.9475 0.6238 0.3578 0.6011 0.0342 0.1012 0.0972
RAAN (deg) 103.7830 42.8970 44.8730 42.9340 77.5450 52.4080 53.3550
Arg of Perigee (deg) 310.1164 76.7504 73.1702 76.7938 220.5947 245.0958 241.6128
True Anomaly (deg) 344.4558 280.3736 281.9780 280.2926 101.8897 102.5252 105.0615
Mean Anomaly (deg) 344.4558 290.0839 286.7789 290.6002 100.2185 101.7508 105.0296

Error Semimajor Axis (km) -01,556.952] _ 1,065.846 525.065|  1,143.185 -121.460 -59.613
Eccentricity 2.212174 0.086982 0.042840 0.092398 0.014582 0.006626
Incination (deq) 1.850 0.527 0.261 0.504 -0.063 0.004
RAAN (deg) 50.428 -10.458 -8.482 -10.421 24.190 -0.947
Arg of Perigee (deg) 68.504 -164.862 -168.443 -164.819 21.018 3.483
True Anomaly (deq) 239.394 175.312 176.917 175.231 3.172 -2.536
Mean Anomaly (deg) 239.426 185.054 181.749 185.571 -4.811 -3.279

Error(%)  |Semirmajor Axis (km) 217.13% 2.53% 1.25% 2.71% -0.29% -0.149)
Eccentricity 766253.48%)|  30128.75%]  14839.04%)| 00%|  5050.81%||  2295.08%
Inclination (deq) 1903.60% 541.77% 268.11% 518.42% -64.81% 4.12%
RAAN (deq) 94.519._ -19.60% -15.90% -19.53% 45.34% -1.77%
Arg of Perigee (deg) 28.35% 68.23% 69.72% 68.22% 8.70% 1.44%
True Anomaly (deg) 227.86% 166.87% 168.39% 166.79% 3.02% 2.41%
Mean Anomaly (deg) 227.96% 176.19% 173.05% 176.68% ~4.58%] 4
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3. Simulation Results:

3.2. Two sites Observation
¢ Orbit determination (epoch: 2013/01/10 13:00:00)
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30m interval 30 min interval TLE
ITF ITF-NAO ITF-SAO ITF-BSG ITF-IAO ITF-QRO
Result Semi-major Axis (km) 41,907.248| 41,417.968| 40,586.117| 42,018.916] 42,338.270| 42,288.962| 42,167.785
Eccentricity 0.005116 0.014057 0.029110 0.002826 0.002954 0.004352 0.000289
Inclination (deg) 0.1106 0.1545 0.1432 0.1007 0.1097 0.1401 0.0972
RAAN (deg) 46.9480 39.2940 27.0040 49.7850 54.3490 51.0810 53.3550
Arg of Perigee (deg) 153.7935 170.8230 190.5481 168.1641 347.3979 53.9015 241.6128
True Anomaly (deg) 199.2957 189.9354 182.5282 182.0844 358.2764 295.0418 105.0615
Mean Anomaly (deg) 199.4901 0 105.0296
Error Semirmajor Axis (km) -260.537lf -749.817 -1,581.668 -148.869 170.485 121.17
Eccentricity 0.004827 0.013768 0.028821 0.002537 0.002665 0.004063
Inclination (deg) 0.013 0.057 0.046 0.004 0.013 0.043
RAAN (deg) -6.407 -14.061 -26.351 -3.570 0.994 -2.274
Arg of Perigee (deg) -87.819 -70.790 -51.065 -73.449 105.785 -187.711
True Anomaly (deg) 94.234 84.874 77.467 77.023 253.215 189.980,
Mean Anomaly (deg) 94.461 Qr 197 ZZLA0 27 067 202 J07 100 4
Error(%)  |Semimajor Axis (km) -0.62% -1.78% -3.75% -0.35% 0.40% 0.29%
Eccentricity 1672.12% 4768.96% 9982.96% 878.73% 923.24% 1407.45%
Inclination (deg) 13.79% 58.95% 47.33% 3.60% 12.86% 44.14%
RAAN (deg) -12.01%). . .~26.35% -49.39% -6.69% 1.86% -4.26%
Arg of Perigee (deg) -36.35% -29.30% -21.13% -30.40% 43.78% -77.69%
True Anomaly (deg) 89.69% 80.78% 73.73% 73.31% 241.02% 180.83%
Mean Anomaly (deg) 89.94% 81.11% 73.93% 73.38% 241.13% 181.34%

3. Simulation Results:

3.2. Two sites Observation
¢ Orbit determination (epoch: 2013/01/10 13:00:00)
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4h interval 4 hr interval TLE
ITF ITF-NAO ITF-SAO ITF-BSG ITF-IAO ITF-QRO
Result Semi-major Axis (km) 42,185.046 42,334.080 42,106.381 42,106.605 42,290.343 42,284.773 42,167.785
Eccentricity 0.000099 0.002865 0.001446 0.001445 0.002061 0.001925 0.000289
Inclination (deg) 0.0975 0.0915 0.1012 0.1005 0.0953 0.1056 0.0972
RAAN (deg) 53.6280 57.8650 51.9030 52.0030 56.1040 54.6590 53.3550
Arg of Perigee (deg) 40.4848 4.8094 179.3346 178.5361 5.6788 9.6171 241.6128
True Anomaly (deg) 305.9146 337.3481 168.7925 169.4903 338.2416 335.7479 105.0615
Mean Anomaly (deg) 305.9238 337 4743 168.7603 169.4601 338 3291 335 8384 105.0296
Error Semi-major Axis (km) 17.26?[ 166.295 -61.404 -61.179 122.554 116.988
Eccentricity -0.000190 0.002577 0.001157 0.001157 0.001772 0.001636
Inclination (deg) 0.000 -0.006 0.004 0.003 -0.003 0.008
RAAN (deg) 0.273 4.510 -1.452 -1.352 2.749 1.304
Arg of Perigee (deg) -201.128 -236.803 -62.278 -63.077 -235.934 -231.996
True Anomaly (deg) 200.853 232.287 63.731 64.429 233.18( 230.686
Mean Anomaly (deg) AN 200 8 232,448 63 731 64,431 233 230 R
Error(%) Semimajor Axis (km) 0.04% 0.39% -0.15% -0.15% 0.29% 0.28%
Eccentricity -65.64% 892.48% 400.87% 400.66% 613.89% 566.68%
Inclination (deg) 0.31% -5.86% 4.12% 3.40% -1.95% 8.64%
RAAN (deg) 0.51% 8.45% -2.72% -2.53% 5.15% 2.44%
Arg of Perigee (deg) -83.24% -98.01% -25.78% -26.11% -97.65% -96.02%
True Anomaly (deg) 191.18% 221.10% 60.66% 61.32% 221.95% 219.57%
Mean Anomaly (deg) 191.27% 221.31% 60.68% 61.35% 222.13% 219.76%
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3. Simulation Results: IHI
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3.2. Two sites Observation
e Position errors at time (Epoch: 2013/01/10 13:00:00)
BEES (B S km]

pav. BRARR TS | AR TIEZI[UTC) BIME | EBRAE TESZI[UTC]
19,377.747 | 19,130.584 | 2013/01/10 13:05:00| 17,779.719 ;| 2013/01/10 14:00:45

AEISEERA (1 e

2 R BFERA 70.212 9.199 | 2013/01/10 13:05:00 1.178 | 2013/01/10 13:04:25
64.971 25.792 | 2013/01/10 13:05:00 1.267 i 2013/01/10 13:08:17

68.954 15.221 | 2013/01/10 13:05:00 0.878 | 2013/01/10 13:04:06

4,875 8.542 | 2013/01/10 13:05:00 0.873: 2013/01/10 13:01:48

1.653 _4.546 | 2013/01/10 13:05:00 0.664 : 2013/01/10 13:01:16§

300 BSREIEERA (4 5D 62.067 77.242 | 2013/01/10 13:35:00 62.067 : 2013/01/10 13:00:00

2 1B REIZE(30m)ER Al 181.425 206.293 | 2013/01/10 13:35:00 181.425 : 2013/01/10 13:00:00
408.326 433.496 | 2013/01/10 13:35:00 408.326 : 2013/01/10 13:00:00

33.734 37.526 | 2013/01/10 13:35:00 33.734 | 2013/01/10 13:00:00

=M-G18 42.665 41.674 | 2013/01/10 13:35:00 41.629 i 2013/01/10 13:29:02

= f3-ZIN 39.764 13.600 | 2013/01/10 13:35:00 4.380 i 2013/01/10 13:52:17

48506 BSEIEENA (1 ) |5 11.725 3.566 | 2013/01/10 17:05:00 3.101 ¢ 2013/01/10 17:47:55
2 RISRZE=(4h) EUA =-85 51.540 61.502 | 2013/01/10 17:05:00 38.069 | 2013/01/10 14:48:10
SE-E 4.989 33.680 | 2013/01/10 17:05:00 4.989 i 2013/01/10 13:00:45

=f-E2 4.654 33.995 ;| 2013/01/10 17:05:00 4.654 | 2013/01/10 13:00:00

=M-618 38.716 44.948 | 2013/01/10 17:05:00 28.183 ¢ 2013/01/10 14:51:34

=fF-=IN 39.904 42.100_ 2013/01/10 17:05:00 28.123 | 2013/01/10 15:01:34

o IHIZF-RNTO2WREFERRATIE. FELEME (F2) [UBZFR4kmURICHEEDEE,

o DT —X(J, HEMBRELZE LR,

> BERRC EEIC, UBRENMAK

o 2HIRERBICKD, BISUIBDOEEREND LI DNITTIIEN BSEEICKLDREDTE
DIIKELN)

3. Simulation Results: IHI
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3.2. Two sites Observation
e Position errors at time (Epoch: 2013/01/10 13:00:00)
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3. Simulation Results: IHI
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3.3. Three sites Observation
— Three sites observations with simultaneous or time interval

IHI Tomioka QRO(UTC)
(UTC)

Simultaneous 2013/01/10 2013/01/10 2013/01/10
13:00~13:05 13:00~13:05 13:00~13:05
30 min 2013/01/10 2013/01/10 2013/01/10
interval 13:00~13:05 13:00~13:05 13:30~13:35
4 hour 2013/01/10 2013/01/10 2013/01/10
interval 13:00~13:05 13:30~13:35 17:00~17:05

3. Simulation Results: IHI
Realize your dreams
3.3. Three sites Observation
* Orbit determination (epoch: 2013/01/10 13:00:00)
4h interval Simul 30 min interval 4 hr interval TLE
ITF ITF-IAO-QRO ITF-IAO-QRO ITF-IAO-QRO
Result Semi-major Axis (km) 42,185.046]  42,131.900 42,183.516 42,202.023]  42,167.785
Eccentricity 0.000099 0.004273 0.001854 0.000502 0.000289
Inclination (deg) 0.0975 0.0834 0.0930 0.0998 0.0972
RAAN (deg) 53.6280 54.9110 53.7830 53.2120 53.3550
Arg of Perigee (deg) 40.4848 242.2422 73.0761 336.1926 241.6128
True Anomaly (deg) 305.9146 102.8756 273.1687 10.6228 105.0615
Mean Anomaly (deg) 305.9238 102.3979 273.3808 10.6122 105.0296
Error Semi-major Axis (km) 17.261 -35.885 15.731 34.238
Eccentricity -0.000190 0.003984 0.001565 0.000214
Inclination (deg) 0.000 -0.014 -0.004 0.003
RAAN (deg) 0.273 1.556 0.428 -0.143
Arg of Perigee (deg) -201.128 0.629 -168.537 94.580
True Anomaly (deg) 200.853 -2.186 168.107 -94.439
Mean Anomaly (deg) 200.894 -2.632 168.351 -94.417
Error(%) Semi-major Axis (km) 0.04% -0.09% 0.04% 0.08%
Eccentricity -65.64% 1380.08%| =2 542.15%|=—2> 73.99%
Inclination (deg) 0.31% -14.20% -4.32% 2.67%
RAAN (deg) 0.51% 2.92% 0.80% -0.27%
Arg of Perigee (deg) -83.24% 0.26% -69.75% 39.15%
True Anomaly (deg) 191.18% -2.08% 160.01% -89.89%
Mean Anomaly (deg) 191.27% -2.51% 160.29% -89.90%

This document is provided by JAXA.



398

3. Simulation Results:

3.3. Three sites Observation

il 22 bt
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e Position errors at time (Epoch: 2013/01/10 13:00:00)

IHI
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B hIEsRzkm]
pav: L AR TE | 8RR TISRI[UTC] =IME AR TISZI[UTC]
it EEFEDA =f-618-S) 0.951 4.075 | 2013/01/10 13:05:00 0.951: 2013/01/10 13:00:00
=f-618-S) 8.178 5.513} 2013/01/10 13:35:00 1.068 ;| 2013/01/10 13:21:00
Ef-GiE-S 10.327 21.039 | 2013/01/10 17:35:00 9.165 i 2013/01/10 14:09:27
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3. Simulation Results: (Summary: cases of QRO)

Two-sites Three-sites
4h interval Simul 30min interval | 4h interval Simul 30 min interval 4 hr interval TLE
ITF ITF-QRO ITF-QRO ITF-QRO ITF-IAO-QRO ITF-IAO-QRO ITF-IAO-QRO
Result Semi-major Axis (km) 42,185.046] 42,108.172| 42,288.962| 42,284.773 42,131.900 42,183.516 42,202.023|  42,167.785
Eccentricity 0.000099 0.006915 0.004352 0.001925 0.004273 0.001854 0.000502 0.000289
Inclination (deg) 0.0975 0.1012 0.1401 0.1056 0.0834 0.0930 0.0998 0.0972
RAAN (deg) 53.6280 52.4080 51.0810 54.6590 54.9110 53.7830 53.2120 53.3550
Arg of Perigee (deg) 40.4848 245.0958 53.9015 9.6171 242.2422 73.0761 336.1926 241.6128
True Anomaly (deg) 305.9146 102.5252 295.0418 335.7479 102.8756 273.1687 10.6228 105.0615
Mean Anomaly (deg) 305.9238 101.7508 295.4930 335.8384 102.3979 273.3808 10.6122 105.0296
Error Semi-major Axis (km) 17.261 -59.613 121.177 116.988 -35.885 15.731 34.238
Eccentricity -0.000190 0.006626 0.004063 0.001636, 0.003984 0.001565 0.000214
Inclination (deg) 0.000 0.004 0.043 0.008 -0.014 -0.004 0.003
RAAN (deg) 0.273 -0.947 -2.274 1.304 1.556 0.428 -0.143
Arg of Perigee (deg) -201.128 3.483 -187.711 -231.996 0.629 -168.537 94.580
True Anomaly (deg) 200.853 -2.536 189.980 230.686 -2.186 168.107 -94.439
Mean Anomaly (deg) 200.894 -3.279 190.463 230.809 -2.632 168.351 -94.417
Error(%)  [Semimajor Axis (km) 0.04% -0.14% 0.29% 0.28% -0.09% 0.04% 0.08%
Eccentricity -65.64% 2295.08% 1407.45% 566.68% 1380.08% 542.15% 73.99%
Inclination (deg) 0.31% 4.12% 44.14% 8.64% -14.20% -4.32% 2.67%
RAAN (deg) 0.51% -1.77% -4.26% 2.44% 2.92% 0.80% -0.27%
Arg of Perigee (deg) -83.24% 1.44% -77.69% -96.02% 0.26% -69.75% 39.15%
True Anomaly (deg) 191.18% -2.41% 180.83% 219.57% -2.08% 160.01% -89.89%
Mean Anomaly (deg) 191.27% -3.12% 181.34% 219.76% -2.51% 160.29% -89.90%
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3. Simulation Results: (Summary: cases of QRO)

e Position errors at time (Epoch: 2013/01/10 13:00:00)

399

IHI

Renlize your dreams

RIS EREE [km]
ToH | AR TS | BAETRZIUTC] | RIME | &R TESZI[UTC]
ERIEERI(4hi) I no4_itf_04 11.725 3.566 | 2013/01/10 17:05:00 3.1017 2013/01/10 17:47:55
21t R EEERA =B-E n10_gro 00 1.653 4.546 | 2013/01/10 13:05:00 0.664 | 2013/01/10 13:01:16
2 it Fm ORI (30m) ER -2 ni5 gro_hf 39.764 13.600 | 2013/01/10 13:35:00 4.380 . 2013/01/10 13:52:17
2 ith R BSRIE(4h) ERAl =G5 n20_gro_04 39.904 42.100 | 2013/01/10 17:05:00]  28.123} 2013/01/10 15:01:34
SitREEEA =f@-G15-2)I_|n21 Ro_gro_00 0.951 4.075 | 2013/01/10 13:05:00 0.951 | 2013/01/10 13:00:00
=f3-G15-5)1_|n22_ao_00_gro_hf 8.178 5.513 | 2013/01/10 13:35:00 1.068 7 2013/01/10 13:21:00
=f@-GI5-2)1 [n23 o _hf gro_04 10.327 21.039 | 2013/01/10 17:35:00 9.165 | 2013/01/10 14:09:27
% EN G ECHTEE: 38 ANN =Conclusion=
iy | N —— o (MuIti-sit_es)S_imuItaneoy_s observation give
L | s = good _estlmatlon of posm(_)ns .
i e 2 ¢ Long interval of observation cycle improve
——BOFE CE g Eeway ] - eccentricity
i i — NEEE @ 88 YRy JF
- P o = Proposed observation strategy:
] - g \ g e Good position estimation
“ T AT S = (Multi-sites) simul. observation
» - . . .
un s b et b *, o Improvement of eccentricity/orbit shape
o e S, L 7 0
m-&;?}qpcﬁﬂﬁ Wy - estimation _ _ _
o, < = Observation with Long interval
A * A S S R S . s . . .
g o ¢ @ & 0 & |Expectation of fine orbit determination
o o= . - -_-\. A - - - - . -
s & S & & & with two-sites simultaneous & time interval
W [T

observation using minimal facility and time.

3. Simulation Results:
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3.4. Two sites Simultaneous and time interval observation
—4hr time interval is assumed

|| IHI Tomika (UTC) Australia (UTC)

Case 1: 2013/01/10 13:00~13:05  2013/01/10 13:00~13:05
Time interval observation 2013/01/10 17:00~17:05

conducted at one site

Case 2:
Both site conduct time
interval observation

2013/01/10 13:00~13:05
2013/01/10 17:00~17:05

2013/01/10 13:00~13:05
2013/01/10 17:00~17:05
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3. Simulation Results:

3.4. Two sites Simultaneous and time interval observation
¢ Orbit determination (epoch: 2013/01/10 13:00:00)
4h interval | Case 1:Simul. +4 hr int [ Case 2:Simul. +4 hr int TLE
ITF ITF-QRO ITF-QRO

Result Semi-major Axis (km) 42,185.046 42,167.248 42,162.962| 42,167.785
Eccentricity 0.000099 0.000307 0.000350 0.000289
Inclination (deg) 0.0975 0.0966 0.0970 0.0972
RAAN (deg) 53.6280 52.9620 52.9180 53.3550
Arg of Perigee (deg) 40.4848 233.3355 217.2941 241.6128
True Anomaly (deg) 305.9146 113.7308 129.8164 105.0615
Mean Anomaly (deg) 305.9238 113.6986 129.7857 105.0296

Error Semi-major Axis (km) 17.261 -0.537 -4.823
Eccentricity -0.000190 0.000018 0.000061
Inclination (deg) 0.000 -0.001 -0.000
RAAN (deg) 0.273 -0.393 -0.437
Arg of Perigee (deg) -201.128 -8.277 -24.319
True Anomaly (deg) 200.853 8.669 24.755
Mean Anomaly (deg) 200.894 8.669 24.756

Error(%)  |Semimajor Axis (km) 0.04% 0.00% -0.01%
Eccentricity -65.64% 6.30% 21.16%
Inclination (deg) 0.31%] N\ -0.62% -0.21%
RAAN (deg) 0.51%| L./ -0.74% -0.82%
Arg of Perigee (deg) -83.24%| ' -3.43% -10.07%
True Anomaly (deg) 191.18% 8.25% 23.56%
Mean Anomaly (deg) 191.27% 8.25% 23.57%
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3. Simulation Results:

3.4. Two sites Simultaneous and time interval observation
e Position errors at time (Epoch: 2013/01/10 13:00:00)
| Al [ @ sa 2 [km
[ pavl; i} AR TBS BRI T ISZIUTC] =IME EDAIFR T BSZI[UTC]
= IHIEM (1 iR 4 BSRIISREIE) 11,725 3.566 2013/01/10 17:05:00! 3.101 2013/01/10 17:47:55
R =fE-5)N DIHIE - (G185 + 52D 1.716 3.192 2013/01/10 17:05:00! 1.716 2013/01/10 13:00:00
2 s ER(EIE+H4hERE) |Z=[-S DIHIER-Z=0 (B85 05RIZ) 1.662 3.207 2013/01/10 17:05:00! 1.662 2013/01/10 13:00:00
R R R 20 AN (5 B
w'r ]
i - HOEE | A Mg
e} 8 YL ]
- = | iR N -ale
1]
= XN
B
I .
-]
15 1] > i
i ——
& & o F F A A S S A
L& g i g iy 5 e 5 W o o
.ﬁ‘:'\? ux“' :v"' P ﬁ\;:\:" ?\c_x"' ;:‘:'1‘ 'H.-"F 4 ] 14" ‘___\.
& I g = - o A
- - - -li“ll-rltl - - . -
“Two sites Simultaneous and time interval observation” can provide fine orbit
determination within short period of observation.
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» Effectiveness of multi-site observation is evaluated using virtual observation data
generated by orbit simulation considering influence of observation errors
/resolutions

e Multi(two or three) sites observation with time interval may not improve accuracy
of estimated orbit due to error associated with different observation time (errors
due to orbit propagation)

»Depend on observation error and time interval (propagation error)
e Multi-site simultaneous observation improve position estimation of on-orbit object.

» Propose observation strategy and scenario for orbital object in GEO region using
minimal asset and short period of observation

>At two sites far from each other(ex. IHI tomioka-Australia), (1) simultaneous
observation(5 min), after that, (2) re-observation with appropriate time
interval(5 min after 4 hr interval) provide fine orbital determination.

€ Only one scenario was evaluated in this study. It is necessary to evaluate this
proposed observation strategy with some other cases.
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