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OPTICAL TRACKING OF THE EXPERIMENTAL
GEODETIC SATELLITE (EGS)

By
Masao TAKABE, Toshikazu ITABE, and Tadashi ARUGA

This paper reports the optical tracking results of EGS (Experimental Geodetic Satellite) which
was launched on August 13, 1986, by the National Space Development Agency of Japan (NASDA).

EGS optical tracking experiment process and an outline of Radio Research Laboratory (RRL) opti-
cal ground station are discussed. Two important techniques; (1) star tracking technique for optical
equipment calibration and (2) satellite tracking technique for orbit prediction improvement, which
were previously developed and used in this experiment, are also described. The accuracy of EGS
tracking data obtained by RRL at the request of NASDA is also discussed. In addition, it is briefly
demonstrated that the position of the Japanese Amateur Satellite (JAS-1) which was launched with
the EGS, was accurately determined by means of a satellite tracking video.

It is clear from this experiment that optical observation data, i. e., satellite direction data, is very
useful for satellite orbit determination during initial launch stages. Furthermore, the results confirm
the effectiveness of these two satellite optical tracking techniques.
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4.1 EGS BMiFiERE

F 1 EIORATHEERIL, 1985E128 0 5864E 1 Hic
0T, EGP OHEICGEVIENT, HEEAS 1000 km
DT A Y AORMBAHEL —3 Y- CEAVTTF- 7.
E—3Y—-C® SAO (SMITHSONIAN ASTRO
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ERdsT &y,

YT, 1LABEEEEBREERL, BEOKE
2T REEREEF 1XRICGRT) 1202, 3, 5, 11
BE4EER —a2v—CHEDEBE.R4EE EA
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Th-o1e.

BEFEFTOBRT — £ 13, NASDA 5557 — & L%
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— 2D CEERE L BRIF— 2 L OBEEIC OV TERE L
fekeh, @ BEREROLD BABEENT—2ick

®1k EHEBREHR (85.11.25)

* ITERATION COUNT 10
* NUMBER OF DATA 40

NERTICAL AXIS SCALE ERROR
PR TR | s [ oois
ROUGH]| 337.75580 .07878 | .17530 | —.05200
1 | 332.83054 .10510 | .01692 | —.02645
2 | 33407794 .10529 | .01782 | —.02645
3 | 334.07547 .10532 | .01781 | —.02645
4 | 33407547 .10532 | .01781 | —.02645
5 | 334.07547 .10532 | .01781 | —.02645
6 | 334.07547 .10532 | .01781 | —.02645
7 | 334.07547 .10532 | .01781 | —.02645
8 | 334.07547| .10532| .01781| ~—.02645
9 | 33407547 .10532 | .01781 | —.02645
10 | 33407547 .10532 | .01781 | —.02645
COR:| 334. 07547 .10532 | .o781| —.02645




30 BEHAFTEH
FoRk RATMERERE
B OB £ s oW R BUEE | F-20fH m#® A B F -2 ¥
BBE BREAER A Fi(ESH) 2 # & AZ, EL 12,/2,3,5,11 7210
XEBE EHRXXE = I 2 &8 a, 0 — —
BLERET KB TR vo— ¥ ekl Rl 12/2,3,5,7,9,10,12,13 570
HRE E s 2 57 1L 8 SRR 2 EE AZ, EL 12,/3,5,10,12 111
BIR -2V CHE WBMIEER
NASDA % BB
£® B F - 2z BEARHT — £ KRBT — £ B+ KBRS BB
60,712/3,5 (2,¢2) | 60,/12,2,3,5 12/5 12,/2,3,5 60,/12/5
W7 x — & | Kz, AZ, EL U — 5

B E R ¥ % (km) 7502. 312748

7502. 442362

7502. 442327 7501.107472

i i b4 0. 025420968 0. 025848784 0. 025847953 0. 02487875
ooaE | AR ) 40. 960287 41.181979 40. 988916 41.183095
ARXAFE (7) 256. 986554 256. 968332 256. 456729 256. 911142
iR Bl B (#) 88. 719979 105. 356405 105. 428860 105. 718706
FEEEAEA (v) 39. 630693 24.157925 24. 157605 23. 865192

BEERER, V—VREF—-2IcX3BAE LB L
T, REBETRLPE >TVS. E¥ELIE, HADH
DD & IIHERLELBHEE LI W Th 3. T
b5, AWEEIE, FEESHASERRIBRED
X5RNEVSIEHENSE. @ UL, £LOF—%
DERICX Y, BEMESTHTHD, SEFEHOA
BF -2k SuBRE O BES 98 v T & 2,
NASDA Of#r THEI S hITiE - /2.

BEF -2 2EC, BEHEHTHEEKBOLE S
U, BBERZEH LI ECAEIEDLSIBRELE
1z

NASDASFH O BRI TR 7 — 4 2 5 DB M
12H3HODF -2/ 4 ZWBBALIZC &L THENSEDL
7EBDLNBDOT, 12H5 807 —2 DHTEM Li:.
TBE, V—VREORE HERFKEST — 2 THEE X
NIHBEEEBEAEED SIRVEE S 5 7.

4.2 EGS ¥ER

EGS fTb EIF%B Ik, HBWXRFEIcbETH, 20
BOR» SEHCHIE 8 FAL LI2BICENT, gHT
BHRTbh:. FBBETOBEARLE 4 FICRT.

BATHD THARAESHE 8 F (8 A13A 20h 34m
~) &, WESNM FERSEDHEERT 2 OEEAT
7, FRELD 1010BDEBEBBLIOT, F—fh
OEHERE->TERT2DRBII 5708, FHEEHET

EPOCK 85, 12, 5 0:00° 00” UT

#hH, CONRBERDLTERIR LIS 7.

%9/ (A 22h 38m~) i3, NASA OF L #iE
EEBERRKXAD» OXLNT E7-0T, ZOFHIEE
BAOTESHOHEEHELT 2 LBRAIMEE — % L 7-.
(Zhid, I REHOEHED EGS TH B ERUF
BEDSERETH 3 EDBRERFICGERH I C it 3.)

22T, AYBEZEZHOTEBRLLEC S, BAH]
BT Az 16°/1000, El 29°/1000, Bk Td, Az 65°/
1000, El 31°/1000 o-shhsidh - 7-icBE T, KEicE
BT&, ERSF—2%2850LB8TE. BRME,
HIRO & 5 K FBOBRER LT - T, HELXEZEDOE
Fodinc AR, BEEICHIMNCA - 72 ERER 7 — 2 28
BBICTE I (B5 a%).

FI0FIL, MABEND, BRLE b7, E11F
(8F148 02h 46m~) ¥, BIFEOBRT—4%
HiC, YFHY 27 LAOYEMKR S 07 5 L THHEER
DOHRBETY, BEHELBRLIEC S, RITHT
Az5°/1000, E1 —10°/1000 £k T &, Az16°/1000,
El 14°/1000 mABEE (ERIME S BREDZ) <8Rl
BTE BE5bH).

NASA THETEBRE LFEIF Es5a%) &, &
I FADBRET —4% 2HICERRERCTER L #gEK
BOYEERZHERA LU CGERLUEIIE @ES5b%) &
DETHBEISBEL TR ENSDB.
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4% EGSTHMRRE CF 8 AE~%12EE)

® M A m| 8 9 10 | 11 | 12 i =
wE R ERF
FEABEME Y T Y| x| X x| 010
5] HR X (@) X X X
JN K B B B x| O| x| O x EHBE %9, 11FM
Bk 880 O| O | O x X EHE\E %58, 9, 10FH
% B K B8 A O| O | O | x X FEEME $£8, 9, 10FMH
H £ # 2 g (EHFL | O | X X X X
HE KX A (R X% ¥ O O X X X EEME
vo—- ¥ X O X @) X
| W W % B O|lO | x| O] x
F U B 20 R K (RZH X X X X X KERABOABURT. BISRICRBRTE .
H OF B O X X X X
ki) B O X X X X
NASA v —#IfE4E 74 vy -4 ARBER
Y747 H1EEEEN
GSW (7=F 2 TEXK)
d # ® 1 1 H+7evE— 3 2
B 1 6 5 5 4 +7 & — & 20
B 7 (SUGIHA) 2 YT E— B 2
th i 23 $7evE— FH 23
i # (LAT) 8 3 1 1 $7eva— & 13
th H $TevE— F 0
jus] H H7TevE—E 0
Ju M 2 3 1 $TevE— E 6
f(HASEGAWA, HORIE) 2 2 54
B 18 | 36 9 6 1 70
O: 8l X:\BART GSWORMIRBTELF - 4HHERLTNS.
®w5a%k HIFBRF—4 (86. 8.13)
CONTROL DATA TRACKING DATA RESIDUALS
HH: MM :SS: XX
AZ EL AZ DAZ EL DEL | AZ-RSD | EL-RSD | STATUS
22:38:40:76 289.349 | 42.531 289. 365 0.000 | 42.560 0. 000 . 016 .029 | 140002
22:38:59:52 203.218 | 44.425 293. 246 0.000 | 44.450 0. 000 . 028 .025 | 140012
22:39:32:60 301.129 | 47.513 301. 160 0.000 | 47.544 0. 000 .031 .031 | 140002
22:39:44: 7 - 304.214 |  48.469 304. 246 0.000 | 48.500 0. 000 .032 .031 | 140002
22:39:55:71 307.526 |  49.358 307. 559 0.000 | 49.389 0. 000 .033 .031| 140002
22:40:23:15 316.010 | 51.054 316. 056 0.000 | 51.084 0. 000 . 046 .030 | 140002
22:40:43:15 322.689 | 51.862 322.741 0.000 | 51.891 0. 000 . 052 .029 [ 140002
22:40:59:41 328.318 | 52.213 328. 370 0.000 | 52.241 0. 000 . 052 .028 | 140002
22:41:10:59 332.238 | 52.287 332. 288 0.000 | 52.315 0. 000 . 050 .028 | 140002
22:42: 1:72 349.668 | 50.901 349.733 0.000 | 50.914 0. 000 . 065 .013 | 140002
22:42:12:71 353.131 | 50.269 353.195 0.000 | 50.280 0. 000 . 064 .011 | 140002
22:42:28:57 357.870 | 49.188 357.934 0.000 | 49.206 0. 000 . 064 .018 | 140002
22:43: 9:63 8.589 | 45.680 8.647 0.000 | 45.686 0. 000 . 058 .006 | 140001
22:43:55:89 18.079 | 41.044 18.128 0.000 | 41.042 0. 000 .049 | —.002 | 140011




32 BEEHAFTER
E5bE HUFBRT—% (86. 8.14)
CONTROL DATA TRACKING DATA RESIDUALS
HH: MM : SS: XX
AZ EL AZ DAZ l EL | DEL ([ AZ-RSD | EL-RSD | STATUS

2:46:39:10 349. 052 38.938 349. 057 0. 000 38.928 0. 000 . 005 —.010 140002
2:46:55:97 352. 521 40.189 352. 525 0. 000 40.178 0. 000 . 004 —.011 140002
2:47:15:89 356. 931 41.542 356. 934 0. 000 41.531 0. 000 .003 —.011 140002
2:47:32:64 . 896 42.548 .901 0. 000 42.538 0. 000 . 005 —.010 140001
2:47:51:58 5.642 43.511 5. 645 0. 000 43.501 0. 000 .003 —.010 140001
2:48:37:48 18. 035 44.891 18.039 0. 000 44. 878 0. 000 . 004 —.013 140001
2:49:13: 71 28.197 44. 881 28.200 0. 000 44. 867 0. 000 . 003 —.014 140001
2:49:58:50 40. 303 43.527 40. 298 0. 000 43.514 0. 000 —. 005 —.013 140001
2:50:20:76 45. 871 42. 376 45. 866 0. 000 42. 364 0.000 —. 005 —.012 140001
2:50:47:17 51. 966 40. 691 51. 957 0. 000 40.679 0. 000 —. 009 —.012 140001
2:51:12:70 57.295 38.813 57.284 0. 000 38. 802 0. 000 —.011 —.011 140001
2:51:51: 9 64. 281 35. 699 64. 266 0. 000 35. 690 0.000 —.015 —. 009 140001
2:52:28:57 70.019 32.503 70.003 0. 000 32.495 0. 000 —.016 —. 008 140001
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