Distr.

GENERAL
A AAN I / \
E£ H * A/AC.105/611
\{\ 2 November 1995
L\ L CHINESE
j( /2\‘\ T ORIGINAL: ENGLISH
FPHASERRERS

MEMNEDE: AEHEMERSENREITTR

R4 A

L #NE_RBRECEREROTAASEZE LW ( 2 £4223) 4
RRVPATHALERIHRAERL S \ESIN(A/AC.105/571, M=, % 17
B) w2, REEARSCEZARATFEZ O ETHE. FitotHitnd
oW LBAWMEW, SMEZAELTRHTILRAE B R AFE, ShTh
R TIANTHROFREE, SESAF | AT E, WA T E F E BRA 1
Bk KA E.

2. HEFMFARANMERLE=F—-F2 WXLriTéﬁilf’ﬁfﬂé‘Hﬁ‘h
(AJAC.105/571, % 22 B), I HRIEZHERLARE=+LES
TH#HE ' FoASAEHR 1994 % 12 F 9 B Z 49/34 %J}%ix#’*iﬂi’éﬁil
R RE & 2.

3. ARABERMRFARELRIHANERBE . {LERAE XA
HTRARAMG. ARREHE WEBRAREL BN T B4R, L
ZETREEARRARS WE KGR EFMENX 58, BEXF LR
EHIATABERFERREN LR, B —LEFNKRELEHH %
MEX. REERGEREXABLEREREND . THRARMENFHE.

V.95-58816 H65

A



A/AC.105/611
Page 2

MRBEHE

4., HESHBOCRIHARATNRATE NBILERIAZRETCHES
B BAE et g, 2wk RANEREEIRRENITEREMEAR,
Rt HEEHHENAIE. RERARE N 1958 F—E R Ry EF
— RHANERETRFEN ZFHUARNETERE RN E B K H
EBG AR, AELRUNE, FEAREIEAREHEALRKNESZ
B, ZHEZZELETHIATHFARRACEANKE, EXMEHHE
HEE, XMZETFEAANETFES FWHHE.

5. RERXMAATECAEEARSEFET = AEAMFHE L LK
FERNATEXBERRXE, BAINBIEAFTERHINEFZIFHTLR
M. BTRAEANEE, AEMABT N AWAPFREEFTEANEXN
Wl SRAPTUREHREENATFAE, LT URE IR ¥
K. NATEFEAFS T EAA ZHEREGEENEAR.

6. NETEWFEAAFALERARTENTL, BN RN E T
BEFRME. BE, MIEHTHEANAARTEN AT, BdRE
FhafEEA MILERSRANSEARTLE THTREEEZRA
BAWITE,

7. NAIERZTABIEANAMME, MARA P BRALMT: TS
FREHFSH; BEGRRT AEARpRER, YHTLRESZHSE, #
ERPRBEE,. Ao, EEZEARFTEED A LR AHEAZRRD K
BEANERLAEGRSMNBEITEITHER. MIEHWKEZ)FE.
IRFFFEFRNEZFRRBERFENS IEFHEEITE. LEEH
it EVR Y F R RGEARAT EEE.

8. WHMRAXNBAASERENBILERSREUMACEARS
W T ERBH MRS 7 ADARIK S 5 R A K2 3474 3 R3m A F fo R 52
BENEA YT, RASEAERE: ZHHE. AX¥F. AXHE. BATE.
BEERURRBHAREFEHE GEXEREE.

9. M/ANRTETHENFAME, EREHLRENA 400 27 (EF 5L
BRTHS00AF), EbABmAKX: MITE, 4100 E 400 A5 #
RATE, EELRE 100 M. —KRERW “PNEITETAT ., EXH, &
FHREKTE 2,000 FET, AFEHATEFEHERY 300 7 ETT.



A/AC.105/611
Page 3

10 EANBTEXATHRCABEEZ Y ENEREE 5N 6 HEE
EFE. NTETHREE S WHFRR T &, ARG ERE N E 1
ExE, AN RENENEE, SR EVETS, HEXRERATE
KATWHETFETERN. AITENGKELT:

(@) NESEAIGFLSHE - RELEERNTEME;

(b) WEFMTIEFE, wHhtth. XBWITRALALE, f##%
% R4

(c) THAKFTHER/B)EZTH RH KT

d REFEELRAPFPERNEN (KFEH. £ MUEEE ITRE
MHE, DR KITEHRERHNEEIHR);

() RMNAE, FRARKREALHEE - SLEXITHELH (4l .
HAENRKEE U, SENERTEER) ;

) HTENFaREIBHTHETRENFLER LSRR EK
BIK XEHHRERNZ, BN TEEFERKS;

(8 LERUINELBRERRK(WABRARERFERERELEERTEMLT
), FAAMEEURE TR IEIEAR (R) 1%,
11. EENATEHRERER =% HRHB LR, BEOHEFEHL K
B,
12. AkBLEHEL, TEMNATHRERRZE LY, Bl T#TE
SUE, HELTHEH)RBEER. 28, BTFSRNZAEHTHE
BRE, PEEERRK, RFREEFANNTREFMARE L E S
. BERN—NBAREE K FTRENIRER RS L5 3 X —
g,
13. ERMKBLEERBNESARBYLE, BHETURAZY BANEE
EHENG, MeFAHEARERAY RN ERMIESIER.
14, MHFABTEKATHRR, KARREBYELES., TUFANRES
KE, ZABBEVESBERETREY b TEALKAS. O TESHTE
R, TELER - M ERZANBRER, EERMFHK A ERELH
R, XRHERRERHQMBREFEANRE. SELATFERERKEEA
PEERPEER (KEES) R, WENNERRBFREWE,
FEARZETREEN (AlufFEiEl) SHREREY, HTESH
R BT H .



A/AC.105/611
Page 4

15 NATEREURS W RR 5 H WK KKK H &K B (pegasus .

Taurus , %) AZH KT EHEREKLAHE (X KHL LW Ariane
-4BANREHE) WHAKEHRY. s THTHEIARNANAHRKE,
KEBAEAMNANRTEHLBAY, TX—XBRNETEZHEFN RS
AREWH S FLoRREAREFEII N, EENERMZEHNETERERELL
5% B ¥, RA Pegasus f Taurus £ B4 K{THEH. Conestoga iTX| T i
#1 %47, B A #y San Marco Scout & % | % & Fr #6( R & H 37 %, % B Scout
CEZER-L4ET ), T Arane - 5 BE KA F EHT 1999 £ 7% K.

16 A TBRABREHMAELE, MMAFXENAFNARLZA SN T
EtERGMRANEABIFE. RERANETTE AHFASRERAN—
KEH (BEE 25%NU L), BENEHTENTEMAD, UESF A
RAEAZ GHES. THUTESE:

(@ FEHNEERRHRE;

(b) —REHEANBILE, BWMNE KATHELAE Ariane - 4 B F0 5
A ERFHT (WENMREWERBFTE) ;

() FIABRAZREEHNRANAS(FIHEFMALAFA T ALEHKRA
BHBH A, TR Ariane - 4 B: EATEREMA T E Ariane H 5
HYETEMASAP) (REFH 6 N50 AFEHNTE (EEEH 300
F)); BEFHRETE 200 AFEHNTER Ariane T4 B V£ T E R B #%
% (ARSENE)A £ #; LK SPELDA £ f ¥ E(SDS), 4 FXAHAAMW
T 4 B AR & 5T 4830 K 3 549 (SPELDA)E A B W E 400 £ 800 A T L £,
17. e RF AR K GEE, WwxEEH Atlas Centaur F7 Delta - 2, 3%
LD NE
18. MNAITEZGHERINERBE AN AFNBARANTE. —F |,
EREMEAERLEN AHESPRREZ YRR EH W REE SR R4
BREMHEHBLNERAARK, FHFAARERFEET EFHAH 10%.
MENEZFNBEREMAEERNSEHETRLZASETEFAWE
50%. B EH L FABEFHERFTEFAN25%, REALT4HE
B # o0 H T LoH T T H NI L.

19. EX I BEHEHLFRAWEE, AT LREMFEEE AIRFE
FREAFE LGRS, wTENEE, @40 RE RN f i g 30
HREHE, B2 EIMRETEARERATEHER, CFARECE



A/AC.105/611
Page 5

HEs, THEFEHRTREEMEE YVTELEHE. RNERFLEW
—RENHEERGEEFLANEE NN, FHEZRTH M T, H
ERBREFEAATHABKEEL AL EFATERXA LR,

200 REBMFEDEAREAENE, KEHENEZE B & o080 B K4 FHB4E 8
MNABRZTEFEX B, AFRERARZHEFHELIFE, 3HH,
HTHEAEBFERQETNEIRE, B ETHATHEKT. AEHE
i, B, MEFANEAEAFHFNYR IV, 2O FEREWE &5,
BREBEAR. BAITIVALOAREES %, HFBEER -FRERE.
21. FIREWE - NMBRFTERRZMFNA T ESACB), 2 TEHIE
HHEXMAXIA, BRZEEHERLXEERMEFME A EEH
Hl. XBE 190 Aty T E T 1996 4 1T Pegasus X £ &K §H 2|5 E % 550
NEGARNITEHRTE R L. SAC-BT EHEBEMEE TR, #F1L4
HAEANE., CHRENKMERNG S x H&, FEAxHFEETBL8E4
RBEERBIFNEANHENREHATUE.

22. £ 1978 E 1991 £#E, AHBEAHAKFEWHE - L EEFHRF £
THETEERN 15 E 50 AT A F % T E(MAGION). MAGION - 1 F
1978 45 10 H 24 H % 4, 164 INTERCOSMOS - 18 MM E T EW T T
E. REHZTETHE® N, MAGION - 1 HEHEEZ =T =4, k¥
27 F 1989 429 H 28 H A1 1991 4£ 12 A 18 H #47# ACTIVE %o I 7 T £F
RELBRAPEX)BFARZTE CTHELH—H4, MAGION - 2 fo
MAGION - 3 A S EGHARKRORE L (FEA 500 £ 3,200 AEZ
]) . MAGION - 4 TT E-F 1995 4 8 f| 3 H4 % INTERBALL - £ E
KATHESH—W N TR 4EE KD 175 3 8 Plasetsk X 41 % 8 & 3h
A& 5. MAGION - 5 32 F 1996 £ £ 4.

23. FHREEAHARX T E(CESAR)ZE —MEH 300 AFHMER, v¥E %
FH R 400 A B, mHLE K 1,000 A E, #ifah 70 EWHE A, X
—HEFEXTESRENHREE. EFEAREHTHE. £ H EHA. $#
REME. GFF., BEAHBRANBVERELEN 10 NFRWLREA
UMAEL#IT, X—MABREEAMMKSE E¥K, & Alenia Spazio %
. WA ITEFRATSH AL AEZ KK B —.

2, BAEMEZRERE G0, ZEHMA IV FFRHIME KBTI EHK
RTFARAUNBETENEYD, A EFFRTERRECERHA L ER



A/AC.105/611
Page 6

., HTFH-—FHLENRTEFS - VAR, FLEHARFHETEE
BB, FEEARENE LA ER, FEXHBLCNIAA
LS EEMNBEEEN. EEVHNIE, AUTENEE T ZH#HTRAR
it —ARETER - ANAHEAANLE. BENANLEHECHAEATHEAR, B
72 22 |8 3R P R T B L F G
25. EERZAARFRAELRTHAEBFTE:

(a) SAMBA 4T: ERAHES A8 3 TRAWRE TRk (KUT £
EFHAEHBEEFTE) FHANETHEHE M RHE;

(b) COROT ¥4T: FHHMEY, BANEERIH#TKHEMNEREAR
X8 B & 5 fn gy 3 A 5 09 BT 53

(c) IBIZA %4T: RXRAEHERARFENEFE TR, LEFHEH RS
BEAHEMA TR AR BTN &,

(d) QUICK - STEP: WiFBMREMIAREME (AXR) , H
MR E R 1077,
26. 199442 A3 8, T¥k#EAFH/NETE BREMSAT £ EZ A5t
REMBEANRE. X—FEH 63 AFHMABAEMR I E LA
(GAS )X ERHKET 6 X, REHUBNEEN 350 2 EHRAMAF HhiE. X
—TELEH#RFT6NTEAHFENHER, SFEBHIIFETH R RME.
BRERKLKRTF M. AAEETENLRERENFIEE. & 1995 F
2A R BEHARRRZAN, XBILE-—ERTEP.
27. AR REEHH ARG A, GEFHE —ZF|R1EF F R Rohini)Fn
AT HRHFTEGSROSSZFIHNAFAF AR EZTE. FHEL
ET 1980 £ 1983 £ H AL, AZEHEE - BARBINWERERESR
BHM. HEBT 2,500 W LR st oy B &R TR 5 AR & A
ERENEZHFRILENPEREL 422 7.
28. SROSS-C #1 SROSS - C2 45|F 1992 £ 5 A 20 Hfu 1994 4 5 F 4
HEAH. eMN&EBEHANMFAREN. F—IRZHFB TR BF
ANTEHEANELAR, AUNESETFRSY, AFARFECBENGHES
¥, B ARMMED R L& RoR E8, mHEAMOEENEA R AUHARE2 E
3,000 TH FRAFHEEECE A B XKD 5 &K+,
29. %% Torrejon de Ardoz WHEHFERXMEBEAARIIZBEMAEHLA K
e NEAMINISATHEAERBEWEHTREZEWARAE. R4



A/AC.105/611
Page 7

AE-NSHETE (RERE) . AREFTHRP - MHEXHHEHL. FE
REGEAEARBLOUTRAHMBERE. ERREED , FEGEEK. F
B EBEAEE - NMEREFAME. IHEX T ENIIAHRAESE D
BT X—FEUBEEFTEASESOATIFAEHWAREN. &
WE BT EREEN —NAEREFTHREPLM - 1)8) MINISAT €47,

30, MMHBKYE -FTELEEH 283 AW Viking; & T 1986 £ 5 3%
HERTE. ZEMEKANT ESPOT)UBE I A#H L 4 TR .
Viking T EWA ¥ EREFARBEAFRNNRFEN RS GBS EN L
BEMwHMENL, FHAEMEGi. BFod. €8 FE4 85 U
BRAEESNE T REHTHE.

31. — A4 N Frejath EA#NPARFTLENTEFENLAREET 1992
F10H 6 HK4. T—EBH 24 NATHIENZITENE R AFH Y
XN EREHATHE.

32. MEWHEHNFXNNAT ENBAENERE XS, M1TE T4 E—
NREN Frejath + 02— DR TEFE, X—4% 4 Astrid WA T E B
FRE—NAKAH S0x50 EXHETF, HHEHREN25AF. CHKR
E, BRI H KIS A FEF K E AR, & —A Astrid T EF 1995
£ 1 F 24 H M Plesetsk i X F 0 # Cosmos X H X E F K 4.

33. xENBTEFENKEFERZEMRA DR EHSMEXF £; &
FEABREETEZAMAARKOBE T ELRETF S TS, 4
SMEX fiXKBEH 250 2 Fr, BAATHA TR, FLK 30 XREHESE
WERAHK 5000 FET. ZEFNHE—BILE, AWM. R¥R#EERLTH
£#%5 (SAMPEX), F 1992 £ 7 A3 HAH. C—HEERIHAREHE
R A FTARURBEF R TFEHZHRAREHERL. TEX
KR XL E(SWAS)H T 1995 =, 1996 4£ A Pegasus X £ £ 4.

4. AEHATEFRFPERRFENARABITLHERARFBFRALERE
RETEFERFWMABETRARI. B 1981 £ ik, UOSAT Frif 5k
WIEFET ERAARAE(SSTL)HF EHA 25 MLt £ HA KEZEHIL
K. 7 1981 Z 1993 488, #£ & #H 7T 10 A UOSAT T E. #-F UOSAT
FEWMAZEFHNS - SOUTHAETEET 19924 8 AL Hth, £ X4TH
HERELIELFEHARF LT EZ LS RLLETESIN(WARC-92 )it
EHRBEEETETER, X—RWH CITENCRIHEA. S-80/T F



A/AC.105/611
Page 8

1993 4 10 AZXHE - NZ#HE, FAHASLEHLREMREFTER.
UOSAT Z7 | £ T E it # MR X B HEZ R AL EE.

35. VOSAT X9 W HEH L ERAEH T H ¥ T E POSAT-1 ,
HEALTHSAT-2 fn KITSAT-2, ©A1F 1993 £ 9 F#2 SPOT-3 B A& KT
E —#£# Ariane V-59 ZH K H X 4. POSAT £ SSTL T E Q& Hf1 — K&
HIAWMEA R AERFY. KITSAT-2 2 SSTL | 8y TR i A &
RE#EWN. THTEE5 S-80/T fn KITSAT-1 (F 1992 4 8 A X 4) WF
EHHFSENZIL, FRARETEZEAGRE IR R H 8.

36. 1993 42 F 9 H, Pegasus KA ZXEAS T —FHEBEHBEKELE
(SCD-1), HMA KX 25, BEHT0LE. HEWERZ EHFRLHRITH
Hi#EW SCD-1 2 - BB eI E, ¥MATREHEZAEEREL
TEBBEURETFERFHFRXENIERE. LUK, SCD-1 —HEH
RHF. SCD-2 5 SCD-1 # (M, AELATHERELAEXNE. ©HTF 1996
EEAR G

37. BHEEEAANTEHA T E(TEMISATHEAFHERET EZ 7+
% —BITERBHKT I Tsiklon K fHEEBENELF VIR TAK 0 5 Meteor-2
TE—-#T 199348 A3l HRAHW. ZTEASOLNEFE L, 825
EofAMmAEE 00001 HHFEBROEFEHK T, F_HILE
(TEMISAT-2)Z 5% — B L E s, vAEFRAEHT, THHEE
HuR 466 0 TR 4t

38. W HMN A THEAN AT, AMMIETHREIER, UEAHZAXK
RN BHt. LBELETHEIEHR AT, USRI EARASNETE
Wi, MNMIERLLZLHREIMAETE, AAAB T EHREHFK
BN FRE, PHAKEFRUELNEERERE. Rtz EFER
BRANBENBUEUAGHEREEEHEEER(WHATEEARLY
RN EEENLFHE) TATERR, ABLERLFTHON.
39. TRESNATENMKAN ITEHE: 2EFMF (BT EHS
7); XY EBEWAF (HRABELEHE T EH#1T); B ERRFEX
A, HBRABATHE - NBAREN. BLFERLIRHA £Hf
() REEM (k. ZHERAR., TR, —Z2ERPLAHAHLH
ETEHT, URNKL R SH4TH B SR,

40. BAMNELZRBMRAN L EFERBTIARN L EEHA TERHH



A/AC.105/611
Page 9

F. BREH - NEENE (FLF IS RAEHEA - NEEHTHE) ,
AARBE A — KRR E. X E ARG X AR T EDUOS)X
—REHER.

41. DUOS 4t E AR AITRIE J-1 T 198 FAA WL EEAFRE T
BRETE. ZTEA N8 SR R4 AP 6 & i 41 Fn K fE gk
. EFRCREREN, LETHEF T N ARELIEH I —A 44
HEE

42. MHRITLEHRAAFTUBSAT) F EW KB EHFRZFH — N H
WFE, ZTERSURABEHNINE A ETFEN T W, TEXQ
R IRZBR, BEAN T AN AR ER ERRATF L BEERN T EERL
WmE, FEEHNELE. AEUANFBEZHX L E AR

43. &4 FF 1991 #£F1 1994 4 X 4t # TUBSAT-A 2 TUBSAT-B ¥ #,1# £
BRER L, FZ/MABNREFLRCE=Z LR FEFTEREN. A
C#iE 4 TUBSAT-C WIS &4, HERTFTZHEAAZ LR,

44. RIIE AL B R T KK ROUE Z RFIRES)HIEA A 5 H L NE
HWABKRMBELERGANTARRS &, FUtERARXER TEEHE
RIAAERH X B KK, TEHELEEX KK A, K KEE (F 8K E)
AMEAFEHMHM T LAREX R RIX-EEESLZHN, ZEEN
BRI E W ITEEPETREN, KAFEURTRENRELERENE. #
S, AELEFAMBR Eh e, HERBALAHAH TR CSEELN
KW E RS,

45. (BN ML N BEAEHERAREBHNEZFNMEEN A TR
FTERENE EERAANLBDMEABCERNERC L EAREETFOE
N RFIETARRZALEK. wEAE, TARELLE - BIEENRK
FWTELHLHBRERK, FHENERTELE -REFOKE. #£EiT,
R 2,000 FETTURHEHLH 10AMMATE, MEFRAEFH TR
BMFH 3,000 FET. IFE-NEARGRARKERNERRBRTE
HRGFHNES., X—SRWwRIERY, BRIECRTH XSGR,
46. TR URE AN A BKH K HNS, AT LR E dHFHA
XAE. A MNRHABRENBTE. AT—EHAREAFERKR (.
FE.FRE) EFERSE, IAMNBEREZEBAFRBRERATTTBER
;3|



A/AC.105/611
Page 10

47. Plin, REN 4T ATWERTE —BHA T E UPM/SAT 1 & &4
BTV ARFRITHFEN. C2-DMRKRT G, ZEFGRK, HEES
FH—-FRE. CRF 1995 £ 7 A 7 BEHEW X E Helios-1A T E W
Ariane-40 XK fiHBI AR E T A 4. TELTWEE LA FE BN AT
HEGET —HERERBFARIMWENTE. EAFHEFFABEESR
WRIT N SRR ENREHATENELTEFHER.

48. 1F g1 3F Stellenbosch AF B F IR L VH R AFHH M E X T EH% T
1996 FHEME 4. CR—BFESOQATHHATLE, 75 Ariane X H{EEH#
B, BAHBRHIATZELEBREL. BETEIHERIFHAELEL. TEW
HETEIZNEINES. HBFRECAE LS HBRTHALE, ¥FF
MFHBNLELEVREMRERBECEE, UBANFETT L E oY
.

499. UEFNERXREMNNATFLESRZEFHHIAR. EE, tx+
FHEMHPBEFFONRAR TS IRENERECERANET EHATH
ZEATE AR TE. AREAX S EREERAEL SN EE K,
FMAFLERL 192 £ 8 ALV ERHANATEFENAZRSWNHAE
FETERZRSWMA. SHEN, ZX—FR4WEHFT, RLT A4
FHAERFERNATLENAERS., CHENEMFRASEREAER
2. BRZAARFMERTFEMTRELBRE NN, KR EEHNER
URFERTERBEERLOWEEE.

50 X—HFWNEZERCHKBERENTARFERAZ TR NA
TEWAR. XN THERENN T EMNFEN B EEL .
EENZERL2UALA A XRERRERS N HEIHE, 254 HTFRE. %
REARTHELEROBRE, AERER EXBS 575, NEBEREHFL
Prinigig, £ NMRBHIFETI1994466 A200EZ 23 BAEHEIELEEA
Hr 3R H AT

51 NATRA T EAR KT, X—EAREELR HE, AXEHFALEAY
BARGHELPREZN, LHARARBAXATHHL. LI, E457#%
HWtEE. Ni#t— P RERXRTEERSEERANEE. bT AR
WEREZR E¥INIETERREEZHBAEFEIEE, BEE5FEW
RIUTHTES ZWERIARKALS R HEMIFELNEA. vk g h oA
WM R T HRARN RS, XA HEZLEN PR ABERE R



A/AC.105/611
Page 11

WEFME.

52. EHRBRFERBRSEANBIERARYA RS ZERM, P —
2, ACHTZ A EWER BT ERRETERN AN FERE, B
ﬁLﬁ””ﬁE%iW%%ﬁAm.E%ﬁﬁ,ﬁ$ﬂm%E?ﬂ%ﬁAw
RESHEEX A, XIWRAEE. Bit, BFFEADMERSAERL
FZF RN LR ENRE IR “ELRAXETERXRFHRT
EWERATARBANRLE, ¥FARAKXED , X-RTEAHEN.

53. MERMHFZHFRUHER, URAREFFHEALTAIL RN
M AR A EL - RERRIBRFTEREERREARRNTL LT T
EREEN. flin, eTRUKREGEZEANATEN TR S THF RGN
TR AFNRET EX— A,

“
T

DAL EREER, FWHARELW HEFE 20 ) (A/49/20), % 29 K.



A/AC.105/611

Page 12

Annex

MICROSATELLITES AND SMALL SATELLITES: CURRENT PROJECTS AND FUTURE

PERSPECTIVES FOR INTERNATIONAL COOPERATION

Study by the Secretariat*

CONTENTS
Introduction ..
1. Definition of a small satellite .. ......... ... ... ... ... ... ... .. ... ... ..
II.  Economic aspects of small satellites .. ......... ... .. ... ... ... ... .. ....
III.  Orbit selection for small satellites ... ........ ... ... ... ... ... ... ... ....
IV. Possibilities for low cost launching of small satellites ... .................. ..
V. Ground support needed for small satellites ... ... ... ... ... ... ... ... ...
VI.  Examples of projects using small satellites .. ....... ... ... ... ... ... ... ...
A. Small satellites for scientificresearch ... ... ... ... ... ... ... .. .. .. ..
L. Argentina . ... .. e
2. Central Europe . ... .. .. e
3. Finland .. ... e
4. France .. ... ...
S, GeIMaANY .. .. e e e e e e
6. India . ... ..
T SPaIn . . e
8. Sweden .. ..
9. United States of America .. .......... ... ... 0.ttt
B. Small satellites for global communication and data collection ...............
C. Small satellites for remote sensing and environmental observations ...........
D. The use of small satellites for disaster monitoring and mitigation ............
E. Small satellites for national health and health services ....................
F. The use of small satellites for education and training . ....................
VII.  Possibilities of greater international cooperation in the field of small satellites . .....

VIII.  Conclusions

List of acronyms

Selected bibliography

*The present study has not been edited.

13
14
15
16
17

18

18

18
18
19
20
21
21
21
22
22

23
24

26
27

28

29
31
33
35



A/AC.105/611
Page 13

INTRODUCTION

1. Small satellites have already been used with considerable success by many organizations. Their
attraction lies in the promise of low cost and short development time, which is made possible by the use of
proven standard equipment and techniques, together with a realistic expectation of performance. In fact, the
space age began with the launching of small scientific satellites during the International Geophysical Year
in 1958. At the time, this was due to the limited capacity of the first space launchers. After a modest
beginning with small, simple, and lightweight satellites, space systems have evolved into large, complex, and
expensive space platforms for scientific research and other applications which often require many years of
development prior to launch.

2. While such large platforms exist and will continue to exist, there has recently been a growing interest
in returning to the use of small satellites, which can be launched within a few years after programme
initiation. As a consequence of the evolution of the state-of-the-art of space-related technologies, this class
of spacecraft can make significant space capabilities accessible to a wide number of users, from high school
and university students to engineers and scientists in every country in the world. In many ways, small
satellite projects are ideal for extensive international cooperation.

3. The development and utilization of small satellites does not replace the utilization of large satellites
missions, as the goals and issues involved are often different. Small missions can, however, be a complement
to large missions. By exploring new methods and techniques, small satellites can be a pioneering tool for
new experiments and technologies for future larger missions.

4. Small satellites have several advantages over large satellites and these hold no matter who the user is:
more frequent and larger variety of mission opportunities; more rapid expansion of the technical knowledge
base; greater involvement of local industry; and greater diversification of potential users. The small scale
factor also means that even a country with a modest research budget and little or no experience with space
technology can afford it. Small satellites also represent an excellent method for training students, engineers
and scientists in different disciplines, including engineering, software development for on board and ground
computers and management of sophisticated technical programmes. -

5. Recent technological progress in many areas means that small satellite can offer services previously only
available from much larger satellites. Fairly sophisticated scientific and technological experiments, as well
as application missions, can be flown in space at modest costs. The areas of application include: space
physics, astronomy, astrophysics, technology demonstrations, communications experiments, and acquisition
of Earth resource data, including disaster information. :

I. DEFINITION OF A SMALL SATELLITE

6.  The definition of a small satellite varies, but an upper limit of about 400 kg (exceptionally 500 kg) is
usually adopted within which there are two main categories: small (or "mini" ) satellites of about 100-
400 kg, and microsatellites which weigh less than 100 kg. A typical "small satellite mission" (including
launch) generally costs less than $20 million and most microsatellite projects cost approximately $3 million.

7. Inrecent years there have been three main advances in materials and design techniques which have made
small- and microsatellites feasible. In descending order of impact in the design of space missions, they are:

- Substantial advances in data handling, processing and storage technologies, as well as, in sensors for
attitude determination. This has been achieved by a very large scale integration of components which
permits the manufacturing of high performance systems with small size, mass and power consumption.
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- More experience in space systems design and new engineering tool and design techniques (CAD, CAM,
etc.), which have permitted more reliable and economical systems to be designed.

- Advances in power generation and power storage technologies as well as in propulsion technologies.
Future advances in these fields are expected in the medium-term through the use of new types of solar
energy generators, and chemical batteries.

II. ECONOMIC ASPECTS OF SMALL SATELLITES

8. A central issue in any small satellite mission will be the optimum balance between programme
complexity and risk. Small satellites are likely to offer new opportunities for procurement methods. The
selected model philosophies are very important to both risk and cost, and as a maximum, a protoflight
approach will be acceptable for such programmes. The advantages of small satellites are:

- orbital parameters are optimized to individual instrument requirements;

- augmentation of conventional satellite programmes, such as additional capability, redundancy for critical
missions, or replacement of a failed instrument;

- missions with limited lifetime and/or coverage requirements;

- improved responsiveness to the end user (more frequent launch opportunities and
increased mission flexibility for individual instruments, plus schedule independence);

- quick reaction/launch-on demand launches using low-cost dedicated vehicles, e. g. crisis monitoring,
replacement after an on-orbit failure, or monitoring of unexpected environmental conditions;

- relaxed reliability due to the shorter lifetime or agreed, lower levels of product assurance or lower
quality parts as appropriate to lower development costs; and

- reduced satellite design complexity (e.g. simplified interfaces, optimized for instrument requirements),
shorter development schedule and suitable test-bed for technique/technology proving.

9. However, superior but still economical alternative approaches might be possible in cases where several
flight spacecraft are to be produced (successive launches in intervals, constellations, etc.). In suck cases,
further potential benefits will be available, such as:

- batch production of components and elements;

- "learning" benefits in properly-phased repeated production;
- optimization of test activities (e.g. batch testing);

- minimize facility occupation times;

- minimize GSE requirements and quantities; and

- minimize of programme duration.

10. In principle, a small satellite bus providing a clean physical interface for payload mounting could equally
well carry a single large instrument or a number of smaller ones within the same envelope and resource
allocation. Using typical and very approximate figures for small satellite programmes in Europe, a budget
of 150 Million Accounting Units (MAU -about $200M) over two years could allow a 400 kg class of
spacecraft to be launched each year in a long-term programme. The development time to launch a small
satellite would typically be three years and the mission life of such a satellite is roughly 2-3 years.

11. The two most often quoted areas for cost reduction on small satellite programmes are the areas of
programme management procedures and product assurance requirements, but technical areas may also offer
potential. In the programme management area, measures include limiting the geographical distribution of
work in order to minimize formal and effort-intensive interfaces between contractors; co-locating a core team
of several contractors covering the system design and specification aspects of each programme; and including
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payload specialists, so that interaction and compromise between payload requirements and spacecraft
provisions can take place.

12. In the technical area, examples of possible sources of cost reduction include designing the systems to
lower reliability targets than usual, the possibility of architectural integration between payload and satellite
and across satellite subsystems to permit failure recovery by reconfiguration rather than simple functional
redundancy, and electronic solutions to system design instead of mechanical ones wherever possible (e.g.
image stabilization).

13. Some of the key design elements for developing a small satellite infrastructure can be summarized as
follows:

- Standardization of satellite bus and support services, to reduce high non recurring costs and allow for
quantity buys of parts and components;

- Standardization of systems, using "off-the-shelf" systems or subsystems that can be incorporated into
a spacecraft design, adding significant capability at little incremental cost;

- Utilization of the latest technology, especially electronics, substantially increasing the useful mass ratio
of the satellite;

- Design with satellite autonomy as a key feature, to eliminate the costs of significant ground support, and
to minimize ground-to-space contact and command-and-control complexity;

- Apply quality assurance practices consistent with the satellite mission (short duration, relatively low cost,
acceptable risk of failure), using cost-effective systems which still meet mission goals;

- Resist the escalation of requirements which will drive the satellite design to ever-increasing levels of
complexity and sophistication, forcing the mass, power and cost of an (intended) small system to that
of a heavy, complex and expensive satellite; and

- Approach the development from a system perspective, viewing the satellite system as a whole,
maintaining a balance of requirements among segments of the system cost, launch, on-orbit operations
and required information gathering and transmission.

14. The advantages of small satellite projects usually include: a small development team (usually v-ith one
or two contractors); short development cycle (usually only a few years); and the satellite is designed to
perform relatively few tasks (usually only one).

III. ORBIT SELECTION FOR SMALL SATELLITES

15. There are three general classes of orbits which may be suitable for small satellites: the Geostationary
Earth Orbit (GSO), Highly Elliptical Orbits (HEO) and Low-Earth Orbits (LEO).

16. The GSO is where the satellite appears fixed relative to the ground, thus allowing continuous visibility
and therefore simplifying the ground segment and operational requirements. However, because of the large
space-to-ground distance involved, the data rates would be small, or larger ground antennas and higher
electrical power on board the spacecraft will be required. This orbit is usually reached from a standard
Geostationary Transfer Orbit (GTO) provided by a farge launch vehicle. The circularization of the orbit from
the GTO to GSO will require an apogee propulsion system which would roughly double the mass of the
satellite at launch. Small launchers will not usually offer enough performance for such missions.

17. The use of a GTO itself is an interesting derivative which could benefit from frequent piggyback launch
opportunities, but avoid the complexity and extra costs associated with the apogee propulsion system.

18. Small satellites may by put into HEOs such as orbits inclined at 63.4 degrees. Such orbits are
particularly attractive, because the plane is unaffected by the flattening of the Earth, thus it remains
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practically fixed in a geocentric inertial reference frame. Certain launchers (e.g. Russian Molniya launcher)
are able to deliver satellites into HEO orbits, thus simplifying or obviating the need for an on board
propulsion system. High-eccentricity fixed orbits allows minimization of the number of satellites covering
certain desired areas which remain visible for long periods of time. This obviously has advantages for
telecommunication satellites, but it is not particularly useful for remote sensing missions. As for the GSO,
this orbit is not very compatible with assumptions of low mass and low-cost satellites.

19. LEO is generally preferred for small satellite missions. Small launch vehicles can be used, offering
flexibility in the selection of the orbit parameters, or piggyback launches may be available. A low energy
on board transmitter is sufficient because of the short distance from the ground, but infrequent and short
visibility periods are a drawback which will lead to some ground segment and operational complexity. One
should also distinguish between the near equatorial or low inclination orbits for which the visibility zone will
be limited to the topical zone, and the polar and quasi-polar (Sun-synchronous) orbits which allow

accessibility to any point on Earth, either for communication (e.g. store and forward) or for remote sensing
of the Earth.

IV. POSSIBILITIES FOR LOW COST LAUNCHING OF SMALL SATELLITES

20. The current and future development of small satellites is closely linked to the appearance of new, low-
cost launchers (such as the United States Pegasus, Taurus, etc.) and lower cost launch opportunities on
existing vehicles (for example Ariane-4 or small canisters on the Space Shuttle). Indeed, the potential
availability of cheap launchers has spurred much of the recent surge of interest in small satellites which was
initially largely driven by United States defence and global civil communication programmes. Of the major
European and United States low-cost launchers, only Pegasus and Taurus are flight-proven. Conestoga is
planned for flight in the near future, development of the Italian San Marco Scout (SMS) has not yet started
(although its forerunner, the United States Scout, has been operated for many years), and the Ariane-5
derivative programme which should be completed in 1999.

21. In order to maximize their potential, small launcher developers must apply the same innovative, lo-v-cost
design approach used on small satellites. Launch costs represent a large fraction of total programme costs
(generally over 25 per cent) and satellite mass and size must therefore be constrained to take full advantage
of low-cost launch opportunities. Options include:

- Small dedicated launchers;

- Multiple launch of several small satellites, nominally on Ariane-4 or -5 for European missions (e.g.
ESA’s Cluster scientific satellites);

- Flight opportunities on larger launchers. Arianespace has strongly promoted its vehicles for this
purpose, with Ariane-4 offering: ASAP for "piggy-back" microsatellites (200 kg total, up to 6 x 50 kg
satellites); ARSENE-type configuration for satellites up to 200 kg; and SDS for satellites in the 400-
800 kg range within the short SPELDA adapter).

22. Similar options are provided by other medium or large launchers, for example the United States Atlas
Centaur and the Delta-2. However, small satellites launch opportunities are relatively rare, because resources
(mass/volume etc.) are limited and mission parameters and schedule are generally dictated by the main user.
The design drivers used when evaluating launcher capabilities against satellite requirements are well known.
These include: the available accommodation inside the launcher fairing (this is often a greater constraint than
payload to orbit mass capability); the suitability of specific launch site locations for the required altitude and
inclination; the cost; the need for a launch on demand capability which, if required, has enormous operational
impact (typical surveillance missions may have notification requirements of less than one week).
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23. A spacecraft owner needs to assess each launch vehicle option with respect to the following
considerations prior to making a launch vehicle selection decision. The most important consideration being
the spacecraft value, an assessment of the profit potential and the costs associated with its replacement. A
second consideration should be the potential launch vehicle’s reliability record or flight history. A series of
low-cost payloads may be willing to take the risk of a new lower-cost launch vehicle with an unproven
record. Once a commitment is made to a particular vehicle, the spacecraft and its payload will typically
require some modifications if it is necessary that it be launched on a vehicle different from the one for which
they were originally designed.

V. GROUND SUPPORT NEEDED FOR SMALL SATELLITES

24.  Requirements for the ground segment of a small satellite system will vary enormously depending on
the application area. At one extreme, low data rate sensors with only local or regional coverage on missions
with low tracking and command requirements will impose relatively low demands on the ground segment,
possibly comprising only 10 per cent or less of total programme costs. More complex data retrieval and
processing requirements could result in ground segmient costs of up to 50 per cent of total programme costs.
Assuming that ground segment costs tend to average 25 per cent of the programme total, it is clearly
important to identify potential savings in the ground segment in concert with those of the space segment.

25. Specific features of small satellites which can be exploited in the ground segment to save costs include:
"lower" specifications (as increased risk is acceptable); smaller teams, implying fewer interfaces; and less
complexity (restricted objectives), fewer communications channels etc.

26. However, in attempting to reduce the ground segment costs, there are limits on simplification because
it is still necessary to ensure the achievement of capabilities such as reliable operation, rapid response to
critical commands and regular form of data on time and with low loss. The ground segment model which
forms the basis for any technical and cost assessments must include not Just the provision of the ground
stations but also ground communications infrastructure, mission control, etc. Recently there is also a
possibility to use very small stations, in some cases transportable, which are available commercially from
several United States and European suppliers. Commercial providers of remote sensing data are likely to

press for the adoption of such approaches in attempts to reduce the cost of distributing and processing the
data.

27.  An important factor in effective implementation of any small satellite project is the need to provide low-
cost space-to-ground communication system. Most ground stations are designed to ensvre that a complex
spacecraft will operate over many years and therefore they have redundancy, self-test functions, and
sophisticated capability built- in. A small satellite ground station does not need the same level of capability
and could be optimized for the low cost satellite mission. Such a ground station is usually composed of
satellite command, control, and monitoring systems as systems for reception of payload data signals. The
satellite command and monitoring process is called telemetry, tracking and control (TT&C). The telemetry
aspect of space-to-ground communications involves the collection, transmission, and reception of satellite
configuration and status data that characterizes the satellite’s operation. The tracking aspect determines the
satellite ephemeris (position and velocity predictions) through distance, velocity, and antenna pointing angle
information. The command element generates commands for remote control of the satellite and often the
payload it carries.

28. The typical satellite ground station is composed of five principal elements: the antenna subsystem, the
command (uplink) subsystem, the telemetry (downlink) subsystem, the monitoring and control subsystem,
and the data processing subsystem. The degree of separation between these subsystems is dependent on the
system architecture. The capability, complexity, and robustness of a satellite ground station are determined
by a system engineering study in which technical and cost issues are compared and an optimized design for
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the mission is produced. Therefore, while the basic elements of a station are common, there is a great deal
of variation in the actual design based on the tradeoffs made in the system engineering study.

29. In addition, small satellites are likely to be the cause of major changes in ground systems design and
operation because of their new cost-performance characteristics. For example, a major consideration is a
potentially significant increase in the number of spacecraft to be controlled. This may result in an increase
of the number of missions that can be afforded as well as the use of a constellation of spacecraft to meet the
requirements of a single mission.

VI. EXAMPLES OF PROJECTS USING SMALL SATELLITES
A. Small satellites for scientific research

30. Space science activities are obviously valuable, and most space-faring nations have begun their
involvement in this field with small scientific satellites. A university environment is often an ideal
environment for development of space activities and because such projects often require the creation of new
laboratories, these facilities are a lasting, beneficial byproduct of such projects. Thus the usual spin-offs of
a space programme, the acquisition of technology and development of industrial organization and
management methods, will begin to accumulate at the national level as students leave the university and enter
local industry.

31. The following are some examples of small scientific satellite programmes that have been successfully
developed. Emphasis is placed on recent programmes of countries with small or modest space programmes.

1. Argentina

32. Argentina’s first small scientific satellite will be the SAC-B (Scientific Applications Satellite) which is
being developed jointly by Argentina’s national space agency, Comision Nacional de Actividades Espaciales
(CONAE) and the National Aeronautics and Space Administration (NASA) of the United States. The 190 kg
satellite should be launched in 1996 by a Pegasus rocket into a 550 km circular orbit with an inclination of
37 degrees. SAC-B will be inertially stabilized and permanently oriented to the Sun. It will monitor
energetic X-rays from solar flares and survey the sky with X-ray CCD sensors along an axis perpendicular
to the Sun line. Due to the seasonal motion of the Sun relative to the sky, the 3 x 3 degree detector will scan
the entire sky during one year. The design life of the satellite is three years.

2. Central Europe

33. Between 1978 and 1991, scientific micro-satellites weighing 15-50 kg were developed for the
Magnetosphere-lonosphere (MAGION) research programme in the former Czechoslovakia. MAGION-1 was
launched on 24 October 1978 as a subsatellite of the INTERCOSMOS-18 geophysical satellite and although
it was designed for an operation lifetime of three weeks, it remained operational for three years later.
MAGION-2 and MAGION-3 were launched into high-inclination low-eccentricity orbits (altitude 500-
3,200 km) as a part of the ACTIVE and APEX mother-daughter active space experiment missions launched
28 September 1989 18 December 1991, respectively. The payload of the subsatellites was used as an
independent diagnostic package. During periods when no active experiments were switched on, the satellite
and subsatellite were used for simultaneous two-point measurements of natural magnetospheric phenomena.

34. Two more sophisticated MAGION-type subsatellites have been designed for the INTERBALL mission
which will study physical mechanisms of solar wind energy accumulation in the magnetosphere and
dissipation of the energy in the auroral regions during magnetic substorms. The INTERBALL mission
consists of two pairs of spacecraft, situated in different orbits: one pair, the Auroral Probe with an apogee
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of about 20,000 km; the other one, the Tail Probe, with an apogee of 200,000 km. Both orbits should have
perigee heights of about 500 km and inclinations of 65 degrees. Each pair of satellites consists of the main
spacecraft of the PROGNOZ series, accompanied by a subsatellite of the MAGION type. The scientific
objectives for the subsatellites are to separate time and space variations, to study spatial correlations and fine
structures in the ionosphere and magnetosphere. Separation of the subsatellites will be controlled by small
thrusters. The INTERBALL subsatellite payload and subsystems have been developed and manufactured
through an international cooperative effort involving Austria, the Czech Republic, France, Germany, Poland,
Slovakia, Romania and the Russian Federation. The MAGION-4 subsatellite was successfully launched by
a Molniya launcher from the Russian cosmodrome at Plesetsk on 3 August 1995, as part of the INTERBALL-
tail mission and MAGION-5 is currently scheduled for a 1996 launch.

35. The Central European Satellite for Advanced Research (CESAR) is a spacecraft of about 300 kg that
will fly in an orbit with a 400 km perigee, 1,000 km apogee and 70 degree inclination. The scientific
mission is related to the study of the magnetosphere, ionosphere and thermosphere (MIT) Earth environment.
Ten different experiments, provided by scientists from Austria, Czech Republic, Hungary, Poland and
Slovakia will be accommodated on the spacecraft which is funded by the Italian Space Agency, ASI, and
designed by Alenia Spazio. This mission is one of the objectives of the cooperation among the countries of
the Central European Initiative (CEI).

36. A feasibility study for CESAR has been started and a detailed technical study funded by ASI will be
conducted by Alenia Spazio concerning the spacecraft’s system engineering. The participating countries will
develop the experiments they are responsible for and will collaborate with each other regarding on board
accommodation for the experiments.

37. The nominal mission lifetime will be two years which will allow a sufficient period of observation of
the complex MIT phenomena. The evolution of the initial orbit will be determined by the natural
perturbations since no propulsion capability is provided on the satellite. The once-per-orbit perigee-apogee
excursion, combined with the slow procession of the orbital plane with respect to the Sun and the Earth, will
provide the payload with complete sampling of the near-Earth environment between 400 and 1000 km and
+70° latitude in all conditions of illumination over lifetime of the mission. ,

38. The spacecraft should be launched by direct injection into its required orbit by a small launcher (either
an improved Scout or Pegasus). Deployment of the solar array and S-band antennas will follow separation.

The spacecraft will be attitude stabilized by spinning around a sun-pointing axis with a rate of 4 rpm. The
spin rate will provide the experiments with a fast scan and sampling of the environment surrounding the
spacecraft. Boom mounted experiments will be deployed after attitude acquisition. Ahout one month of
spacecraft commissioning and experiment calibration will follow. After the nominal operation of the satellite
has been certified, the science mission will be carried out for the following two years.

39. The present configuration foresees a mass budget with about 151 kg of service module and 95 kg of
payload module for an operative launch configuration mass of 246 kg. A mass margin of 20 per cent is
accounted for in the next phase to take into account increases that will surface during the development
process. The spacecraft is expected to be completed before the end of 1997 for a launch at the beginning
of 1998. CESAR will be the first spacecraft of a series that will also included a second spacecraft currently
in preparation, the Joint Ultra Violet Night Sky Observer (JUNO) a UV astronomy satellite being developed
in cooperation with NASA. A definition phase study for JUNO is underway.

3. Finland
40. Finnish space industry and research institutions have gathered experience in satellite payloads and

instrumentation through their associate membership in the European Space Agency, and have long been active
in remote sensing and other space related disciplines. Because Finland does not have experience in satellite
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bus development, conducting a small satellite development programme represents a technological leap for the
Finnish space industry. The experience gained through such a programme could later be used in bigger
satellite programmes. To initiate a study of a Finnish Small Satellite (FS-1), Finnish institutes defined their
interests by contacting selected institutes with an unofficial Announcement of Opportunity, and by asking for
proposals. After the proposal phase, system design was performed for two alternatives: a scientific satellite
and Earth observation satellite. Both satellites would contain a technology demonstration package, in which
new electronic components would be tested in the space environment.

41. The payload of the Science Mission (FS-1/SCI) is essentially as proposed by the Finnish Meteorological
Institute. The mission is configured to study the fundamental physical processes in the low altitude and high
latitude plasma environment of the Earth. The concept includes a polar orbiting satellite (altitude 1,200 km,
active lifetime of 1 year) and a large number of ground facilities in the northern polar region. The launch
mass of the satellite is 150 kg, including 44 kg of scientific payloads (magnetic field sensors, electrical field
sensors, charged particle detectors and component test experiment). The satellite design is a spinning body
with electric and magnetic sensor booms and body mounted solar cells. The spin axis should be roughly
parallel to the Earth axis.

42. The possible Earth observation mission (FS-1/EO) is optimized to such a single objective, which is not
well covered with present Earth observation satellites. Such special objectives are full coverage forest
inventory, mapping of sea ice, or a demonstration of a new instrument, for example a 90 GHz radiometer
or spectral imager. The satellite design in this case should be a three-axis stabilized body in a polar sun-
synchronous orbit (altitude 600 km, active lifetime 2-5 years). The schedule from the start of the phase B
(definition) to the launch (probably by a Pegasus launcher) is proposed to be four years.

4. France
43. The French space agency CNES is currently considering the following small scientific satellites:

44. Mission SAMBA: registration of the local fluctuations of 3K radiation from the Big Bang (similar to
the United States COBE satellite) and detailed measurement of possible anisotropies. It will use a 55-mm
telescope and bolometer, two helium reservoirs for two years of operation, sun-synchronous orbit at 800 km,
inclination of 98 degrees, all sky survey except polar regions. The expected mass of the satellite is 120 kg,
and planned electrical consumption is 180 W.

45. Mission COROT: astroseismology, new data on the convection and internal rotation of stars by long-
term measurement of stellar oscillations. It will study three stars of the F or G type, 4-6 magnitude for
18 months. Planned instrumentation will include a telescope and photomultiplier with a 2 degree field of
view, capable of registering light oscillations in a frequency range of 1000 - 5000 xHz with relative accuracy
of 2.5 ppm. The mass of the satellite is expected to be about 50 kg, and planned electrical consumption is
about 45 W.

46. Mission IBIZA: registration of the plasma accelerated in the geomagnetic auroral regions, interaction
of ionized particles with the Earth ionosphere and magnetosphere, creation of electromagnetic disturbances.
Two satellites will be launched, both for two years, (similar to the MAGION and CLUSTER programmes).
The preliminary mass estimate is 70 kg and power consumption is projected to be 80 W.

47. QUICK-STEP: verification of the equivalence of the inertial and gravitational mass (theory of relativity)
with relative precision of 10", Instrumentation is based on the measurement of displacement of two masses

and will require a liquid helium cryostat. Expected mass is about 400 kg, and planned electrical consumption
is 120 W.
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5. Germany

48. On 3 February 1994, the University of Bremen’s small satellite, BREMSAT, was carried into orbit by
the United States Space Shuttle Discovery. The 63 kg spacecraft waited six days in its Get Away Special
(GAS) container before it was deployed into its initial 350 km circular orbit. Its 57 degree orbital inclination
was chosen to enable its operation from the ground station at Bremen’s drop tower. The satellite was
designed, developed and tested by a private company under contract from the German Space Agency, DARA,
during a three year period. The satellite carried six experiments with different scientific objectives, including
heat conductivity under microgravity, micrometeorite and dust particle distribution, atmospheric atomic
oxygen mapping and re-entry pressures and temperatures. The satellite functioned until its in-orbit decay on
12 February 1995.

6. India

49. In the process of the development of its indigenous launching capacity, India prepared a series of small
technology development and scientific satellites called Rohini (RS) and Stretched Rohini Scientific
Satellite (SROSS) series. The RS satellites were launched between 1980 and 1983 and carried a landmark
sensor payload including a solid state camera. More than 2,500 frames in both visible and infrared bands
for identification of landmarks and altitude and orbit refinement were obtained. The orbital mass of the RS
satellites was about 42 kg.

50. The SROSS satellites were primarily designed for conducting experiments in space sciences, space
technology and applications. The mass is around 150 kg and their modular design can accommodate a
variety of payloads in the range of 15-35 kg. The design also allows the spacecraft to be operated either in
the three-axis stabilized mode or in the spin stabilized mode. The spacecraft is octagonal prism shaped with
both body-mounted and deployable solar panels on all sides. The structure is made of a special aluminum
alloy with honeycomb construction for the decks.

51. The SROSS-C and SROSS-C2 satellites were launched on 20 May 1992 and 4 May 1994, respectively.
They both carried two scientific payloads. The first is the Retarding Potential Analyzer, consisting‘of two
planar detectors to measure plasma parameters and to investigate energetic structure of the equatorial
ionosphere. The Gamma Ray Burst Experiment consists of two scintillation detectors to study celestial
gamma-ray bursts in the energy range of 20 keV to 3000 keV.

7. Spain

52. The National Institute of Aerospace Technology of Spain (INTA), located in Torrejon de Ardoz, Madrid,
has been entrusted by the Spanish government with the direction of a research project for the development
of a Spanish space system, called MINISAT. The system will consist of a multipurpose platform (service
module), payload module and an associated ground segment. Both the platform and the subsystems
comprising it are modular in character. The platform will be capable of receiving, integrating, operating and
carrying on-board a payload module by means of standard interfaces. This will permit all the required
adaptations for a particular mission to be easily conducted. The platform will be able to carry payloads with
masses that vary between 80 and 500 kg. The first of these satellites will be the MINISAT mission carmrying
the PLM-1 (pay load module).

53. This first mission will be for promotional purposes. From among the different possibilities, three
technological experiments have been selected. They comprise the measurement of the background radiation
in the extreme ultraviolet range, the experimental construction of a new generation of gamma telescope and
studies of the deformation produced in a liquid column under different accelerations within the microgravity
range. In accordance with the technological and experimental requirements, the PLM-1 satellite will have
an approximate mass of 90 kg and will be injected into LEO at an altitude of 600 km, with an inclination
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28.5 degrees. The satellite has a planned lifetime of two years. The detail design phases (C2 and D) of
MINISAT development were to be completed in 1995 and satellite launch was planned for 1995/1996 period.

8. Sweden

54. The first Swedish-built satellite was the 283 kg Viking which was launched into low polar orbit in 1986
in a piggyback configuration with France’s SPOT remote sensing satellite. The scientific objective of the
Viking satellite was to study ionospheric and magnetospheric phenomena at high geomagnetic latitudes in
the altitude region up to about two Earth radii. Simultaneous measurements were made of electric and
magnetic fields, particle distributions, plasma composition and waves as well as imaging in the ultraviolet
of the aurora variations.

55. A more advanced small scientific satellite, called Freja, was launched on 6 October 1992 by a Chinese
launcher. This 214 kg satellite is designed for auroral research and other related magnetospheric phenomena.
The Freja payload consists of a full complement of high-resolution plasma diagnostic instruments and a fast
auroral imager. Scientific experiments were also supplied by Germany, Canada and the United States of
America. Due to the high telemetry rate and novel design of the instrumentation, which enables more than
an order of magnitude higher temporal/spatial resolution compared to its predecessor, Freja is exploratory in
many ways. In order to cut costs, only one satellite was built and the protoflight model was first used for
all qualification tests, and then for the actual flight.

56. Satellite data are received at ESA’s European Sounding Rocket Launching Range (ESRANGE) in
Kiruna and at the Prince Albert Satellite Station in Saskatchewan, Canada. Commands for transmitting data
and for switching experiments on and off are executed from ESRANGE. The satellite has a stored-command
capability in order to operate over Canada without a real-time command link. Full-scale scientific data
operations began in late October 1992. Full-scale operations of Freja were planned for two years. The next
planned Swedish scientific satellite is called Odin. It will be devoted to spectroscopic studies at sub-
millimetre wavelengths of astronomical objects and processes in the Earth atmosphere. Odin is planned to
be a multilateral mission that will be launched in 1997 at the earliest.

57. Because Swedish magnetospheric scientists are very interested in the possibilities of small satellites, a
compact satellite platform has been developed which is 10 per cent of the mass of the Freja. This new
micro-satellite, called Astrid, is the size of a 50 cm box and has mass of 25 kg in its stowed configuration.
It is spin-stabilized with a sun pointing capability and deployable solar panels. The first Astrid was launched
on 24 January 1995 from the Plesetsk cosmodrome in the Russian Federation on a Cosmos launcher. It
carried experiments from the Swedish Institute for Space Physics in Kiruna for monitoring the distribution
of energetic particles in the magnetosphere. The launch of the Astrid-2 microsatellite with magnetospheric
experiments from the Royal Institute of Technology in Stockholm is expected to take place in 1996.

9. United States of America

58. The best example of the small satellite programmes in the United States is NASA’s Small Explorer
Program (SMEX), which provides for frequent flight opportunities for highly focused and relatively
inexpensive science missions. Small Explorer spacecraft weigh approximately 250 kg and each mission is
expected to cost approximately $50 million for design, development and 30 days of in-orbit operations. The
first satellite of this series, the Solar Anomalous and Magnetospheric Particle Explorer (SAMPEX) was
launched on 3 July 1992. It has been successfully investigating the composition of local interstellar matter
and solar material, and the transport of magnetospheric charged particles into the Earth atmosphere. The
Submillimeter Wave Astronomy Satellite (SWAS) was scheduled for launch on a Pegasus rocket in 1995 or
1996 period. SWAS will for the first time directly measure the amount of water and molecular oxygen in
interstellar clouds, and it will also measure carbon monoxide and atomic carbon which are supposed to be
major reservoirs of carbon in these clouds. Another satellite. the Fast Auroral Snapshot Explorer (FAST)
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should be launched one month after SWAS to probe the physical processes that produce aurorae in the upper
atmosphere at high latitudes.

59. An addition, two missions have recently been selected for design, development and launch by Pegasus
launchers in the 1997-1998 timeframe. The Transitional Region and Coronal Explorer (TRACE) will observe
the Sun to study the connection between its magnetic fields and the heating of the solar corona. The
scientific team for this project will include scientists from the Netherlands, Sweden, the United Kingdom of
Great Britain and Northern Ireland and the United States. The second spacecraft, the Wide-Field Infrared
Explorer (WIRE), will use a cryogenically cooled telescope and arrays of highly sensitive infrared detectors
to study the evolution of galaxies.

B. Small satellites for global communication and data collection

60. Advanced satellites that can handle the high data rates needed for real-time, high-quality video and data
communications offer unique advantages, for example:

- Mobility. As compact personal communications become more common, users will expect the same
access to telecommunications networks from remote areas;

- To supplement and provide back-up for ground based communications; and

- To collect data from widely dispersed in-situ sensor networks that continuously monitor the natural
environment with possible concentration on hazardous areas.

61. The amateur radio community has pioneered the use of small satellites for communications. The first
of a series of small "ham radio" satellites, the 4 kg OSCAR-1, was launched in 1961 as a piggyback payload
on the Discoverer-36 defence satellite. The subsequent satellites in this series, OSCAR 3-8 had greater
masses (15-30 kg) and more sophisticated instrumentation which allowed highly reliable amateur radio
experiments to be conducted. While the satellites of this type had been initially launched into LEO, recent
systems use HEOs or GTOs and plans are even being developed for some GSO positions.

62. Probably the most experienced research unit in the field of microsatellites is the Spacecraft Engineering
Research Unit (UOSAT) at the University of Surrey, United Kingdom. Since 1981, UOSAT and, more
recently, the Surrey Satellite Technology Ltd. (SSTL) team, have logged over 25 orbit-years of microsatellite
operations. There were a total of 10 UOSAT satellites launched between in 1981 and 1993. The operational
microsatellite S-80/T is based upon the UOSAT platform and was launched in August 1992 with a mission
objective to explore communication possibilities of the VHF WARC-92 bands allocated to non-geostationary
satellite systems. The initial mission objective has been successfully achieved and S-80/T completed its first
operational year in October 1993 while continuing its flawless functioning. Amateur sateilites of the UOSAT
series are capable of transmitting images of the Earth’s surface as well as meteorological data.

63. The latest additions to the UOSAT family are POSAT-1, HEALTHSAT-2 and KITSAT 2 which were
launched together in September 1993 aboard Ariane V-59 along with the SPOT-3 commercial remote sensing
satellite. POSAT is the result of a close cooperation between SSTL and a consortium of Portuguese industry.
POSAT carries a range of communications, small scale space science, technology demonstration and Earth
observation payloads, which, together with an enhanced bus system, make it one of the most sophisticated
of the latest generation of microsatellites. KITSAT-2 was built in the Republic of Korea by SSTL-trained
engineers. Its platform retains many similarities with the S80/T and KITSAT-1 (launched in August 1992)
while some payloads have been developed by Korean engineers. Similarly, the newest SSTL microsatellite
FASAT-ALFA, launched on 31 August 1995, was intended to be the first Chilean satellite. It carries
300 Mbytes of SRAM, an Earth imaging camera (with 80 m resolution), an ozone camera and four
radiometers for studying the ozone hole, digital store and forward communications using advanced on board

data processing and a 3-axis stabilization reaction wheel system. Unfortunately, it has not separated from the
main SICH satellite.
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64. Part of the reason for UOSAT’s success is the remarkably short project time scale and comparatively
low project costs that have been achieved. A UOSAT microsatellite mission can be completed within
12 months from contract initiation to in-orbit delivery, enabling a rapid response to the customer’s
requirement. Time scales are kept short and costs low by the adoption of small-team techniques and a high
degree of modularization within the satellite bus and experiments. Technologically, UOSAT has prospered
from increasingly widespread availability of low power CMOS processors and memory. While UOSAT was
launched with a generous (by 1981 standards) 128k bytes of memory and two on board computers, the latest
UOSAT class microsatellites may contain as many as ten computers with up to 48 M bytes of memory. With
the exception of the S80/T microsatellite (which operates in a 1,300 km, 66 degree inclined orbit), all
UOSAT spacecraft have been approximately 800 km sun synchronous orbits (inclination of approximately
98 degrees). The relatively low radiation dosage, below the Van Allen belts, has allowed the designers to
take unconventional approach of using conventional computers and other essentially "off-the-shelf" terrestrial
hardware.

65. The use of small satellites for communications is a very complex question and is discussed in detail in
separate studies (e.g. A/AC.105/536 "Applications of space technology for remote and rural communications
and broadcasting”, and A/AC.105/564 "Use of low Earth orbit satellites for voice communications"). For the
present study, emerging systems of data collection and distribution by small satellites are worth mentioning.

66. On 9 February 1993, the first Brazilian satellite, SCD-1, was launched in its 25 degree inclination orbit
at 750 km altitude by a United States Pegasus launcher. The SCD-1 satellite, designed and built by the
Brazilian National Institute for Space Research (INPE) is a small spin stabilized satellite dedicated to the
collection and distribution of environmental data acquired and emitted by data collecting platforms distributed
over Brazilian territory. Since its launching, the SCD-1 has been performing excellently. A second satellite
(SCD-2), very similar to the first one, is now in the final integration stage, to be launched in early 1996.

67. To continue its space programme, INPE is now developing the SCD-3 satellite. It is a small, 200 kg
three-axis stabilized satellite that will be injected into a 750 km high equatorial orbit. The mission of the
SCD-3 is divided in two parts: environmental data collection and in-orbit testing of a LEO communications
system, the ECO-8, also being developed in Brazil. The SCD-3 data collection payload is similar to *hat of
its predecessors but will offer an improved service due to its Earth-pointing orientation and the inclusion of
an additional UHF transmitter which allows DCP users to receive the data directly from the satellite by means
of a small receiving station coupled to a personal computer. The SCD-3 communications experiment consists
of an L/S-band transponder that permits voice communication between small portable terminals through a
gateway station. The terminals access the satellite through CDMA and the Alcantara Earth station in
northeastern Brazil is used as the gateway.

68. An Italian data collection satellite series is called the Telespazio Micro Satellite (TEMISAT). The first
satellite was launched by a Russian Tsiklon launcher from Plesetsk Cosmodrome on 31 August 1993 along
with a Meteor-2 satellite. The satellite is orbiting the Earth at 950 km altitude with an inclination of
82.5 degrees, and an orbital eccentricity less than 0.0001. A second unit (Temisat-2) was manufactured
together with the first one; it is actually stored on the ground and could be launched to increase the in-orbit
service capacity. These are professional microsatellites which, for the first time, adopt for commercial
application a low cost satellite-based TDMA/SCPC access scheme. The service offered will be dedicated to
data collection and distribution for autonomous networks.

C. Small satellites for remote sensing and environmental observations

69. Remote sensing camera systems can view the Earth and can be used to gather both weather and land
data that can help to identify a country’s resources and provide early waming of natural disasters. Such
systems can also be used to monitor borders, evaluate crops and predict their yield, and improve mapping
accuracy. Small satellites are ideal for environmental studies, monitoring biological reservoirs, rain forests,
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marine habitats and the progress of the mass destruction of living species and renewable natural resources.
They can also be used to provide countrywide surveillance of illegal activities, including those in inaccessible
land and ocean areas.

70. Applied to Earth observation missions, small satellites can be utilized independently to fulfil the function
of specific payload instruments or several can be flown in a constellation to replace or augment the functions
of a larger multi-instrumented satellite. It is clearly not the case of small satellites entirely replacing such
large platforms, where considerations such as "economy of scale” and synergy of measurements offer both
financial and scientific benefits. Additionally, large satellites are essential where specific instruments must
be large enough to achieve their mission objectives, with high power and very high data rates (e.g. depending
on the radar antenna size, or optical performance on aperture and focal length).

71. Potentially suitable Earth observation missions for small satellites include: global ocean sampling (by
a constellation of satellites); geophysical sampling (by a single satellite in polar orbit); ocean and coastal zone
colour monitoring; single instrument payload in support of larger missions, commercial mapping and land
surveys; crisis/disaster monitoring (e.g. floods, forrest fires, oil spills), launched on demand or into a
constellation; and vegetation monitoring for agriculture and forestry.

72. Japan’s recurrent orbit Earth observation satellite project is an example of a small satellite that is being
used for remote sensing purposes. Japan is an island country which stretches to northeast and southwest like
a bow. Approximately 70 per cent of its land mass is mountainous and most of its population is concentrated
in coastal areas. Because of its unique geographical properties, it takes 24 and 16 days, respectively, for the
SPOT and LANDSAT remote sensing satellites to observe Japan’s main islands. However, it can be
understood that the urban area is placed upon a belt faced along the Pacific Ocean. This belt could be
covered by just one path of a satellite in an orbit with an inclination around 35-40 degrees. By using a
recurrent orbit (with a repeating ground track every 15th revolution), the observation frequency of the area
is greatly improved. This is the origin of the Domestic Urban Area Observation Satellite (DUOS) concept.
The launch vehicle for this project is the J-1, which is under development by NASDA with a first test flight
scheduled for 1996. The launch capability of the J-1 is a payload of 500 kg into a circular orbit with an
altitude of 500 km and an inclination of 30 degrees.

73. The DUOS satellite system is based on the Optical Intersatellite: Communications Engineering Test
Satellite (OICETS) which is currently scheduled to be launched by the J-1 in 1998. It will have a three-axis
stabilized bus with two panels of solar arrays and batteries. Within the given mass limit, the satellite could
carry the Visible and Near Infrared Radiometer (VNIR), a thermal infrared radiometer (TIR) and a SAR
system. However, SAR requires large amounts of electric power which exceeds the capacity of DUOS.
Therefore, only the VNIR and TIR instruments are available for this domestic area observation system. A
swath width of 150 km is generally necessary to cover an urban area. The number of observation bands,
spatial resolution and other parameters must be a trade-off inside the range of data rate by X-band

transmission. For continuous observation, two satellites should be operated with the local time difference
of 12 hours.

74. The long-term goal of the Technical University of Berlin Satellite (TUBSAT) programme is the
development of a three-axis stabilized observation platform that can be autonomously oriented to any desired
direction with arc minute accuracy. Of primary interest is the remote sensing of the Earth, so that precise
stabilization is required both for observation and for a high data transmission rate to permit real time or
almost real time reception of the pictures. These goals are being approached in several steps.

75. The first satellite, TUBSAT-A was launched on 17 July 1991 by Ariane V44 as a secondary payload
with the first European Resource Satellite. It is a cube with mass of 35 kg and its attitude is not yet
controlled, but very accurately determined by a gyro and magnetometer sensors. After more than four years
in orbit, TUBSAT is still completely operational. The only degradation has been the loss of 50 per cent of
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capacity of the satellite’s chemical battery, although this was fully anticipated. The second satellite in this
series, TUBSAT-B with a mass of 40 kg was launched on 25 January 1994 by a Russian Tsiklon launcher
together with the Meteor-3-7 satellite. It is equipped with special small reaction wheels and augmented CCD-
star sensors. The main purpose of the second satellite was to demonstrate that a control system consisting
of three reaction wheels and a multipurpose CCD sensor can damp the residual rotation to zero, identify
current orientation of the platform and re-direct the orientation to the desired target by real time interaction
from the ground. The main experiment was successfully performed a few days after the satellite was
launched, proving that it was possible to stabilize the spacecraft with arc minute accuracy at preselected
targets. Contact with TUBSAT-B was lost on 5 March 1994 after 39 days of successful operation, probably
due to a failure of the telemetry transmitter.

76. Based on the orbital experience of TUBSAT-A and TUBSAT-B, instrumentation of the third spacecraft
will also include three fibre optic laser gyros. A preliminary structure of TUBSAT-C has already been
manufactured and is used for three-axis air bearing experiments. The final structure will be designed and
manufactured once the launch contract is signed, probably with NASA which offers free launch opportunities
to universities on its Delta launchers.

77. Some initial experiments with the Earth Imaging System (EIS) instrument package have been conducted
on the UOSAT series of microsatellites. An advanced set of EIS equipment is on the POSAT- 1 satellite
launched in September 1993 (with a mass of about 50 kg). This system includes two identical CCD sensors
which are fitted with different lenses, offering simultaneous wide and narrow angle coverage of the Earth.
Each CCD sensor has 568 x 560 active pixels, electronic exposure control and 256 grey scales. The wide-
angle camera has a field of view of 1500 x 1050 km and a mean ground resolution of 2 km (typical for
weather imaging). The narrow-angle camera with a field of 150 x 100 km and 200 m per pixel resolution
is capable of capturing a range of natural and man made terrestrial features such as bridges, fields, large
roads, city blocks, etc. The wide-angle camera senses in the near-IR band (810-890 nm) to give good
contrast between land, sea, clouds and ice or snow. To aid its ability to resolve objects in the medium range,
the narrow-angle camera uses a red filter (610-690 nm) which highlights variations in soil cover, vegetation
density, and human structures. The POSAT-1 remote sensing mission is operational on a daily basis and has
gathered some 6,000 images (at the beginning of 1995) with a nominal resolution of 200 m hut has
demonstrated the capability of detecting land features down to 20 m. It also has image processing and data
compression systems that have been operational since December 1994. In the near future, increasingly
sophisticated image compression software should be implemented to further improve the output.

78. While the POSAT’s EIS does not claim to rival images from large and far more expensive platforms
such as SPOT or LANDSAT, the detail in the narrow-angle camera data is reasonably high, unarguably
demonstrating the future role for inexpensive remote sensing microsatellites. Currently, tihe imagery does not
meet all the needs and expectations of the remote sensing community. The next step will be to develop a
three-to-four band multispectral imager using high density CCD sensors (1000 x 1000 or 2000 x 2000 pixels).
This type of camera, with a resolution of 80-100 m, could produce imagery similar in many ways to that
produced by the LANDSAT Multi-Spectral Scanner, but at a tiny fraction of the cost.

D. The use of small satellites for disaster monitoring and mitigation

79. Development and emplacement of forest fire and other wildland fire warning systems on a global scale
is important because of the severe environmental, economic, and social consequences of vegetation fires.
Every year, 100,000 km? of boreal forest, 400,000 km? of tropical rain forest and 50,000-100,000 km’ of
savanna are affected by fire. Up to now, fire detection in near real-time has only been accomplished by
aircraft systems on a regional scale in France and in the United States. Airborne systems have the advantage
of good geometric resolution, cloud cover independence, and a close connection to the fire managers, but the
drawback is that they are only capable of covering a small area. For large area fire research (including fire
statistics) and monitoring, satellite systems are necessary. Current satellite sensors used for fire research (not
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in real-time, but long after the occurrence of fire) are mainly the AVHRR on NOAA and the LANDSAT-TM
sensor.

80. The pre-operational Fire Reconnaissance System (FIRES), recently studied in Germany, will demonstrate
the feasibility and usefulness of a future operational small satellite system for fire reconnaissance. It is not
only anticipated to be of use for pure detection of a fire event in large areas, but also for its ability to locate,
assess the extent (in space and time) and type of the fire and provide this information to local authorities on
a timely basis. In addition to this primary task, the system should be able to solve secondary problems such
as the assessment of vegetation damage, assessment of atmospheric pollution, and the evaluation of the
revitalization of burned areas. Furthermore, when the satellite is not over vegetated areas, its sensor system
can contribute to other remote sensing tasks related to high temperature detection.

81. The Smart Multi-Sensor System will be optimized to meet the primary objectives of FIRES. In order
to provide the necessary fire information within a few minutes, the sensor system must have a substantial
capability for on board decision making and autonomous control. The satellite bus will have a mass of
500 kg, including less than 100 kg of instruments and will be injected into a heliosynchronous orbit with an
inclination of 99 degrees, at an altitude of 888 km and with an orbital repeat time of one day (14 revolutions
per day). The planned launch date is 1998.

82. Another example of the innovative use of small satellite technology is the Small Technology Initiative
of NASA. The first two satellites, named Lewis and Clark, will carry more than 30 different technology
demonstrations. Lewis will fly three instruments, including a "hyper-spectral imager" having 384 spectral
bands (the operational LANDSAT satellite only has seven bands). It is designed to enhance traditional
remote sensing applications in agriculture, global environmental monitoring, forestry, land management and
industrial planning. Clark will carry four scientific payloads combining a very high 3 m resolution optical
imager with stereo-imaging capabilities. This will be used for commercial remote sensing, disaster
management and urban planning. The satellites will have a mass of 272 kg and 317 kg respectively, from
which about 70 per cent accounts for the scientific payloads (in existing satellites, it is typically 40 per cent).
The launch vehicle will most likely be the Pegasus-XL. The Integrated Product Development team, which
will manage the project, consists of more than 35 members from the manufacturing company, NASA .entres,
universities and high schools.

E. Small satellites for national health and health services

83. The need to expand the availability of quality medical care is particularly great in developing countries,
where 80 per cent of the population lives in rural areas while the majority of physiciazns live in the cities,
most often in and around the capital. The access of rural inhabitants to adequate health care facilities is often
hampered by poor roads and telecommunications. Space technology could facilitate and enhance health care
through dissemination of health information to rural areas, collection of health information from rural areas,
administration and coordination of the health network, and education of health care personnel.

84. A satellite health network has been proposed for West Africa by an American non-profit agency,
Volunteers in Technology Assistance (VITA), using a constellation of small LEO communication satellites
to link regional medical centres with village clinics and mobile health teams. Where more economical, two-
way radio-telephones would be used to link villages or mobile units to local clinics, which in turn would be
linked to the regional centre via satellite. It was estimated that ten microsatellites could be built and launched
for about $21 million, while about $30 million would be required for the medical facilities and the earth
station network. Such a system could dramatically improve the access of rural people to good medical care.
If successful, this experiment will serve as a model for other remote regions.

85. The experience obtained during experiments with the Healthsat project involving the UOSAT-3 (later
re-named HEALTHSAT-1), UOSAT-5S and HEALTHSAT-2 microsatellites, will be applicable to future
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projects in this field. There are already functioning HEALTHSAT-2 terminals in Eritrea, Ghana and Sudan.
The goal is to provide inexpensive digital communications from the United States, Canada and Europe for
medical schools, hospitals and medical libraries throughout Africa.

F. The use of small satellites for education and training

86. The recent availability of relatively low cost launch opportunities has made it conceivable for
educational institutions to develop, manufacture, test and operate a small satellite. There is always an
empbhasis on the active participation of the university community (professors, students, postgraduates) which
gives them invaluable practical experience with space technology and scientific research.

87. For example, the first Spanish microsatellite, UPM/SAT 1, with a mass of 47 kg, has been designed and
manufactured by the Universidad Politécnica de Madrid (UPM). The purpose was to produce a low cost
platform with a moderately long operational life capable of future evolution. It was successfully launched
on 7 July 1995 as an auxiliary payload of the Ariane-40 rocket carrying the French Helios-1A satellite. The
main experiment on the satellite comprises monitoring of the behaviour of a fluid configuration called liquid
bridge in microgravity conditions. Developing a moderately complex design in a university environment
should allow professors and students to get the experience necessary for future, more complex projects.

88. The Sunset satellite being developed by graduate electronic engineering students at Stellenbosch
University in South Africa is planned for launch in early 1996. It is a 50 kg Ariane launcher compatible
microsatellite capable of three colour stereo imaging of the Earth. Pictures can be transmitted in real-time
or stored on the satellite. The attitude of the satellite can be controlled within 1 milliradian. The
communications package includes an S-band downlink, and amateur radio store and forward communications
with an audio repeater to stimulate radio interest among school children. Coarse attitude stabilization is
provided by gravity gradient and magnetic torque is improved by small reaction wheels during imaging.
Continuous altitude sensing is by magnetometers, solar sensors, visible horizon sensors and a star sensor.

89. The Sunset satellite engineering related research by graduate students and academic staff is the most
important element of the programme. The total development time for the first microsatellite is expected to
be four years, which includes establishing the research unit and design competence in the student group. The
development of the first South African microsatellite is being funded by donations from private companies
and matching funds from the Foundation for Research Development. The motivation is for the support of
research promotion, technology development and the training of technical manpower.

90. The laboratory of Space Technology at the Helsinki University of Technology was founded in 1988 due
to an increased need for education in space technology, as Finland had recently become and associate member
of ESA. The main area of interest in the laboratory is microwave remote sensing. The first Finnish satellite
programme, the Helsinki University of Technology Satellite (HUTSAT) was begun in 1992. The 50 kg
HUTSAT is designed for launch as an auxiliary payload of the Ariane (probably around 1998). The scientific
mission of HUTSAT is the three-dimensional mapping of charged particle drifts in several spectral regions.
The primary goal of the project is to teach satellite technology to undergraduate and postgraduate space
technology students. Over 50 students have participated during the first two years of the project. Some of
them carried out only short assignments, but many others accomplished a significant amount of work
participating at a postgraduate seminar or a special course on small satellite technology. The feasibility study
for the HUTSAT project was conducted solely by students during a postgraduate seminar. It was discovered
that if the students are given a certain amount of freedom to solve given problems, the results are sometimes
extremely innovative and surprising.

91. Similarly, the concept of the Teaching Company Scheme Satellite (TUCSAT) has been developed under
a joint project run by Satellites International Limited, Newbury, and the University of Southampton, United
Kingdom. It is aimed at promoting closer links between industry and academia. In evaluating the
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measurements which can be made from a small satellite it is important to take account of both the
requirements of the Earth observation community for specific data collection as well as the feasibility of
making the required measurements within the limits of mass, power and control available on a sub-400 kg
satellite. It was therefore decided to define a payload envelope for TUCSAT capable of supporting a number
of different systems, rather than to optimize the satellite for a single system and design the configuration and
structure around that instrument. This allows two options for the implementation of a TUCSAT-based
mission.

92. First, a particular instrument could be identified in association with the producer of the instrument,
which could include academic, scientific or commercial establishments, and then the entire system could be
offered to a potential customer as a sole use or shared source of data from that instrument, for example in
the detection of pollution, or for land use monitoring. The second option is that the satellite bus could be
offered to an instrument producer as a low cost flight opportunity, either using the baseline TUCSAT bus
or a slightly modified version. A preliminary study has shown that TUCSAT could provide a platform for
a range of remote sensing instruments up to 80 kg, with a payload volume of 0.3 m>. The satellite will
support payload operations with an advanced on board data handling system, and a three-axis attitude
determination and control system.

VII. POSSIBILITIES OF GREATER INTERNATIONAL COOPERATION
IN THE FIELD OF SMALL SATELLITES

93. The opportunities for small and medium size countries to enter into space activities at a relevant level
have, in the past, been very limited. Over the past decade, however, technological advances in materials and
microelectronics, together with experience gained previously, has allowed many significant space missions
to be performed with small satellites. In recognition of the importance of this trend for international
cooperation in outer space, the International Academy of Astronautics (IAA) at its meeting in August 1992,
elevated the status of its subcommittee on small satellite programmes to the status of a full committee. At
the same time, a new subcommittee on small satellites for developing nations was created under the auspices
of this committee.

94. According to its terms of reference, the subcommittee on small satellites for developing countries will
assess the benefits of smail satellites for developing nations in the field of education, space science,
communications, Earth observation, medical care etc. It will assess how and to what extent small satellites
may contribute to the sustainable development of those nations by providing access to advanced technology
and management techniques and by fostering international cooperation. The subcommittee is also concerned
with the identification of mechanisms for technical as well as for financial support. It will also develop
awareness on those matters in both industrialized and developing nations. The subcommittee will prepare
and disseminate the relevant information by organizing workshops and by publishing its findings. It will
liaise with the United Nations Committee on the Peaceful Uses of Outer Space (COPUOQS), the International
Space University (ISU) as well as with the International Astronautical Federation (I1AF), particularly with its
Committee for Liaison with International Organizations and Developing Nations (CLIODN).

95. The long term goals of the subcommittee are to promote the use of small satellites for the benefit of
developing countries. An assessment of these benefits is made on a regional basis, starting with the situation
in Latin America. Each assessment s to be prepared during a workshop organized by the subcommittee with
representatives of interested countries. The resulting reports will be published and serve as a basis for further
actions. The first regional workshop was held on 20 to 23 June 1994 in Sdo Jose dos Campos, Brazil, by
invitation from INPE. Some of the conclusions and recommendations from the workshop are provided here
because they contain ideas that are also applicable to other regions.
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96.

From the previous studies prepared by the IAA on the subject of small satellites, and from the results

of this workshop, it was concluded that small satellite systems offer the following benefits:

97.

An independent national space programme can be developed within a short period of time and at
relatively low cost, thereby allowing quick entry into the space sector. The study and development of
space instrumentation, spacecraft components, sounding rocket programmes, individual small satellite
programmes, and cooperative small satellite programmes are low cost opportunities to commence space
activities.

Fairly sophisticated scientific and technological experiments can be flown in space at modest costs,
including space physics, astronomy, technology demonstrations, communications experiments, and
acquisition of Earth resource data, including disaster information.

Small satellites present an opportunity for training engineers and engineering students in all engineering
disciplines, including software development for on board and ground computers, and in the management
of sophisticated technical programmes.

Opportunities are available for national and international cooperation, to acquire advanced technologies
and upgrade a nation’s technical expertise in new areas.

Small LEO satellites offer the promise of inexpensive telecommunications services, and opportunities
for international cooperation. Such services could include mobile communications for ships, aircraft,

land transportation and personal communications.

Small satellite systems provide the opportunity to invest limited resources to gradually increase a
nation’s space infrastructure.

Beyond those general benefits, the workshop noted some specific benefits and expected returns from

the utilization of small satellites in Latin America:

1

Improvement of agricultural and animal productivity in medium to large size rural properties due to
better weather forecasting, identification of soil characteristics, improvements in communications and
transportation.

Lowering of transportation costs, made possible through the optimization of truck, bus and ship routing
and location, with favourable impacts on prices of goods.

Provision of communications for the basic needs of small rural settlements in remote areas.
Expansion of availability, and thus lower prices, for better technology for everyday electric and
electronic goods and materials, an indirect effect of the industry participation on quality demanding

space projects.

Improvements in natural disaster detection and relief, made possible by systems that integrate scientific,
communications and remote sensing satellite networks.

Educational programmes for populations in remote areas.

Job creation in the space and ground facilities industries.
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98. Finally, in view of the general benefits, and of the expected return to societies, and taking into account
some of the difficulties already experienced, the following recommendations are made. Although they were
specifically targeted at countries in Latin America, they nevertheless are valid for other regions of the world.

- Governments should take the steps necessary to make the public and the policy-making governmental
officials aware of the importance and benefits of a national space programme so that funding for space
activities will be included in the national budget on a sustained basis.

- Countries that are, or want to be, involved in a space programme should develop and publish its national
policy so that areas of cooperation can be identified.

- Industry should take initiatives and play a more active role in investing in the development of increased
national space activity.

- Any sensitive technologies involved in technology transfer should be identified in advance by the
countries involved and related barriers overcome.

- Countries should identify and propose mechanisms to improve access to available technologies for
scientific applications.

- Regional representatives should participate in seminars, professional society meetings and other similar
fora for the exchange of the latest technical data.

- Countries should attempt to find a market for existing national expertise to sell space hardware and
software to other countries for their space programmes, using national academic and industrial facilities.

- In order to improve the access to space of developing countries, particularly through easy access and
availability of piggyback missions, the international launch community should periodically publish and
distribute notice of potential low cost launch opportunities.

VIII. CONCLUSIONS

99. The eventual success of small and micro-satellites is not considered to be in doubt, but before the full
potential of these emerging technologies can be realized it will be necessary to radically re-think the way
missions are specified, realized, funded and operated. The changing role of international cooperation to this
effect should be further explored. Because of the diverse nature of both applications and instruments, their
needs are unlikely to be met with a common small satellite bus design, but more intensive exchange of
experience with different designs could eventually lead to some kind of standardization. The ability to adapt
existing hardware readily and cheaply will also be a valuable economic asset for both manufacturer and user.

100. Among the main difficulties in promoting the use of small satellite technology for developing countries
is the fact that the countries with established space programmes frequently do not understand the scope of
problems within the developing countries and that there is a lack of adequately trained local personnel. In
this context, it would be extremely valuable, if the United Nations Committee on the Peaceful Uses of Outer
Space pay more attention to this issue. It is therefore pertinent, that the theme fixed for special attention
during the thirty-third session of the Scientific and Technical Subcommittee in February 1996 is "Utilization
of micro- and small satellites for the expansion of low cost activities, taking into account the special needs
of developing countries".

101. Based on the results of its deliberations about this special theme, as well as on recommendations
contained in the present report, the Committee might propose some ways and means of assuring substantial
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progress in international cooperation in this rapidly developing field. It might for example recommend, that
one or more of the educational activities of the United Nations Programme on Space Applications be devoted
to the theme of micro- and small satellites.
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List of acronyms

ASAP - Ariane Structure for Auxiliary Payloads

ASI - Italian Space Agency

AVHRR - Advanced Very-High Resolution Radiometer

CAD - Computer Aided Design

CAM - Computer Aided Modelling

CCD - Charged Coupled Device

CDMA - Code Division Multiple Access

CEI - Central European Initiative

CESAR - Central European Satellite for Advanced Research

CLIODN - Committee for Liaison with International Organizations and Developing Nations (of IAA)
CONAE-Comision Nacional de Actividades Espaciales (Argentina)
COSPAR - Committee on Space Research

EIS - Earth Imaging System

DCP - Data Collection Platform

DUOS - Domestic Urban area Observation Satellite

GAS - Get Away Special

GSO - Geostationary Orbit

GTO - Geostationary Transfer Orbit

GSE - Ground Support Equipment

HEO - Highly Elliptical Orbit

HUTSAT - Helsinki University of Technology SATellite

IAA - International Academy of Astronautics

IAF - International Astronautical Federation

INPE - National Institute for Space Research (Brazil)

INTA - National Institute for Aerospace Technology of Spain

ISAS - Institute for Space and Astronautical Sciences of Japan

ISRO - Indian Space Research Organization

JUNO - Joint Ultra Violet Night Sky Observer

LANDSAT-TM - Land (Remote Sensing) Satellite Thematic Mapper
LEO - Low Earth Orbit

MAGION - Magnetosphere and Ionosphere (Czech Subsatellite)

MCC - Mission Control Centre

MIT - Magnetosphere-lonosphere-Thermosphere Earth Environment
MSTMC - Multipurpose Space Transport Missile Complex (in Russia)
NASDA - National Space Development Agency of Japan

OICETS - Optical Intersatellite Communications Engineering Test Satellite
OSC - Orbital Sciences

PLM - payload module

POSAT - Portuguese Satellite

RS - Rohini Satellite Series

RTS - Remote Tracking System

SAR - Synthetic Aperture Radar

SPARTAN - Shuttle Pointed Autonomous Research Tool for Astronomy
SPELDA - Structure Porteuse Externe pour Lancement Double Ariane
SROSS - Stretched Rohini Scientific Satellite

START - Strategic Arms Reduction Treaty

SCD - Satellite de Coleta de Dados (Brazil)

SSTL - Surrey Satellite Technology Ltd.

TDMA/SCPC - Time-Division Multiple Access/Single-Channel-Per-Carrier
TEMISAT - Telespazio Micro Satellite
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TIR - Thermal Infrared Radiometer

TT&C - Telemetry, Tracking and Command
TUBSAT - Technical University of Berlin Satellite
TUCSAT - Teaching Company Scheme Satellite
UHF Ultra High Frequency

UOSAT - University of Surrey Satellite

VNIR - Visible and Near Infrared Radiometer
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