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Research on TT & C strategyof Long—term Management of
Constellation Satellites in Orbit
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(Shanghai Engineering Center for Microsatellites, Innovation Academy for Microsatellites,
201203, China)

Abstract: In recent years, the low—orbit large— scale constellation satellites has flourished, resulting in a sharp increase in the

Chinese Academy of Sciences, Shanghai

number of satellites in orbit. Firstly, the challenges of long— term management of satellite constellation in orbit are analyzed. Ac-
cording to several common application scenarios of long— term management of satellite constellation in orbit, the anti— interference
mechanism of TT&.C transponder with spread spectrum system is analyzed theoretically. Combined with the simulation verification of
ground concept satellite platform, the situation that long — term management of satellite constellation in orbit can appear through
ground concept satellite platform in micro wave darkroom is verified The simulation is carried out. Simulation of different constellation
satellite in orbit operation scenarios and the corresponding measurement and control response strategies verify the feasibility of the sat-
ellite long— term management strategy when multiple satellites enter the country at the same time, and give the effective response
strategy of constellation satellite in orbit long— term management. It provides a reference for long — term satellite in orbit manage-
ment and subsequent large— scale constellation rail long tube problems that may be encountered.

Keywords: large—scale satellite constellation; lLong— term management in orbit; preventive solution; Ground simulation

0 315

YR, B HBEMIEREED T, R TLER
VA& % SRR — A~ B B W R R =i . BL L. S, VHF SR
BN E Iridrum B2 JE . “23RAE” (Globalstar) . “% i i
{57 (Orbcomm) RGEFHELEW Z=RKPBDEFEEED
LT B DL Ko, Ka 85 BEEE 5 0 & 40 B 1 9 2% B
I5C 0 A2 38 1 Rl S R R K, R E — WA A OneWeb,
FEE KR RBRIE AN 7 SpaceX., K#H T E 2\ 7 LEOSat,
IR AR TR A W) TeleSat 5 2y 4y $2 B 2% HL 1R 6 AL 3
TR, E SRR EE (5 TR A TR & S TR B SR
8 0004,

[ % 3% & Space X. One Web ZE/vHE] “TF A iTRI” YU
B, KEOTEBRWEECH RELKMALZL, BA RS H
FEATRE THERMN 0z THE” TAEE RSN BN

Wi B HE:2020-04-11; {&[E HHF:2020-05-06,
EEBN A 6987, B W4, TR, ol 5 AN, BE
DA TR SR T D A — R A T Y

REMERR “WERE” DEEFERSE, £ “imx T
B” iR kS 156 AR, EHREEZAN 1000 km, TfE
BB Ka BBt “WMERE” RGN kS 300 i TLA,
— ¥k 60 WO BT IEAM. T/ESB N L/ Kali
B, DL A6 30 R S8 TR A e 41 ), — A BE % %
BE. WP, BN, EHEEASANBYEG RS .

TH 5 4% el ol TR ARG B IO L D6 O 2R e TP A B . BB
JELL K DR B 1 BT R, b g R B mo 1R 4
HAE 500~1 400 km F3LHE 1, BT A B2 R 2041 W i B 22
G, AL D ETE I KB 1T, A Un7E ek T B 2Lt D
AW, BP %M, MELH, BRESWEXRNTAEREE
s, Wk 1 H5Ja—5 DR A RR.

1 DTEEERAHKHASERIGOE

B TR R RO R . TR R A L
P 0 A PR AT O 0 22 P 22 0 TR B R BR B 2 AR AE L
HUEZE=SE E vl NN TIPS IR el AUl 8 a7 1 57 NI - L1 1]
0 3 R 0 TR TR R b — A s K A AR R OR B
HERRERERE, ETEFERNTIERTESEEILITE



2 . TR AL R A

%28 &

Pl ML TUAR I TR R UIE K TR R

B £ R/ PUBESE | TR
.| LAES B TR RETENS 5
WF ] 58 /km it/
Iridium
L/Ka 780 66
NEXT
Globalstar S 1400 24
OneWeb Ku 1200 720
SpaceX
Ku/Ka 550 4425
¢ Starlink”
Boeing Q/'V 1200 2956
TeleSat Ka 1000 117
LEOSat Ka 1400 108
Orbcomml |UHF/VHF| 740~825 35
Orbcomm2 VHF 740~825 18
W 25 TR Ka 1000 156
MR | L/Ka  [1100~1300 300

B XUl B B i T 3t 0 P 20 T () I BB R ] 00 47 4 0
B PR AN ) TS 5 0t BB 8t T s R P 4 T2 ) o R A
(i) 004247 A0 A A [0 0042 A0 A9 A [ TR A% e T A i Hh B
AR B T AR G ey 0 R 7 TLRR I s O I e
AL BRIX ST AR DL 7 XTI P R ST AR TR Rk AR . A S
FHE 73 B A0 e 0 AR SR DL I R R TR A I A
AR BRI DL T M IR AL, d s g A e, D R TR
TERIE RS,

2 WEHENEEREIEENEITHS

B TLRE TR O 0042 A o S AR SR AR R AT
o TR DL 30 U 0 A R s R A A o A AL T AT
TR 5 PP S TR0 4 2 0 3 43 i) A A b T 0 4
B — SR T P v — SR gk T Y B AT
i A T 8] T DA DL AT e AT 47 0 A R K LA EIRP 5l
Ao S TR AT B e A A A DL A A [ T 3 B A R
FifE S imeE .

Gysst— M TRT D428 0l R b 2 TR T e R B R ) —
TA.

S T 900 47 3t T 24 TR T B BRI R A Y — T I
WP 1 R, AR TR A AR A AN R 2H e R L,
Yyt al LLAAL LA PR s 2 -

1) 2 e T A F 4 Xl 300 7 R0 e 208 00 47 >R A ] 491 i A
[P IR 2B A Tl A ) SR M — A 00 42 AR

2) R JAETTL R v A NS 0 47 0 v R S ek DA ) ) 0 4
PR . AR A 5

3) JEJAE T HR i X st 0 R e SO P A ) A
AT B B 4 5

A B R T RE TR X 0 47 R e R I A AN ] E A
ENGILESHIEGE A TR

XTI 2) ~0 =M, TR0 4% B % e
AR s e e ] LA ) 0 B oy R AT X 0 0T, A PEAS A
XS IR . LT PSR R B FE LT A . X =l

555 =260, e AT 5 — M IR I 0 U AE LK
WA B TT

XFFAEIE 1 2R TR 7l oo 00 47 o BR BRI BE N . ¥
WL T P AR BE B BT PR AT B R . IR IE T2 BRI
UEAE BT v 0 R e SIS A o i 00 42 s A 4G 2R rp
PEBR BRI R R S, G TR 2R A TR A o OB
I EL 4 vl e R % BATAE S Rl A ik BATRE SRR S I
W2 TR T we 7 O 3 Ao b T B B . 45 M R AR TR
TE B L BT 13 T I 4 A o X SR

ReEhge T2

P 1t 002 3t D v 20 TR ]I BB AR e op— B T S R

YRS . TR AR A Sy [R50 [ RS 1 R L — 1A Ak 0 4
TR, A gk T K% A DN AT A5 5 38 2 T 0 45
REMWEE LAHE SR Y BIES . PIRE S E AR
W, fH5 AR, R TR Pk RBE (45 R %
HLIEBUE Ak 5) s MR 1k &% gk 147155 i b i ol
FEuith &k BT E S, MW R S & % e B E S T
PR R EVR VAT L R THE S, xR TA
YL THYERE 1o Cp (dB) 4 17 280 1L 2 AC 380 ) b TG % 3% 1Y
LATES BN E, (dBm), I 02 L3 ] B 4k TR %
WA AT ES RN E. (dBm), R4

D R ESEAC,, WHHSYTTFIGES S, Ml
TLEMBLTIAE S, 01 A0 1 2 HIL 5 B 80 e & %
B EATAE o 0 SR bk 200 % it A0 v 000 2 3 ) B K% B AT
MEPERE A, T PAT M T 0 e 25 BB P AR A, R 4k B
W MR PR A ST, LAY 7E 1A 40 40
BRI

2) W E<E.+C,, Wi+ TS558 EE BT
TREMBCTIRRE S, W R 2 ML e 2 B J ok 17 v 44k % B %
P ATE S, QSR T e 2k i A b T 00 3 () B R % I
TIRIETE A, TEIAT o 4k 55 1 58 8 1Y 548 4, Hh i U 4%
R W EETR S A ST .

RIS I . 50 UE I e A I s P EAT R 3 B AE TR



& 73 ]

HEo S TR LK B TR R B 5 - 3

W 2 PR . MRS A TCEY SRS . S X il A0
H 2RI 7 RIS 5 0 TR S 4 B D 4 s I 4 25 L A
A AR, IR G G AR AR DL HR 2k TR I K 2K
T 7 0l O 2 5 oA o BB I RO 3 R 4
1B DL 3t vl 00 2l 00 2 R o I S A B i T A i
A RE PR A L R P 2R U S A K e v A 3t R A
Ay RSO M RE I KA

A RIS

B EA

= 1
LA MRBAA WA R BAB

BRI IRA P HTIB

P2 Uk BRI A R v — T A R AE [

PIEERL R . B TR N 800 km, TLE
PARBLTILRE S0 18 dB, gk IR ERSE 1A LA, 4rHlE
U0 H T 0 425 358 3 A R84 3 m 1 10 m PP RS . g
BERETTE, b R 3 m KL, TR RN ALK
S B M TN e 0 EATAR S BRI I H 2 — 132, 5
dBW, RN ZEPLEOR A T dk TR & W BT E S Bk
HLA T HLSFE-25—149 dBW, A4S B I 32 03I /Y 15 5 0 A0 22
16.5 dB, LB 4 55 B BB 15 5 2578 DR B TR
P b T 4 3 4% 10 m RN, TR B ZEHIENOR B i
T 4 3 % 1 ) _EAT (S S BRI A 29— 122, 1 dBW,
BREHIECE A gk TR & B8 BT E S SR PLA O
HF2y— 149 ABW, B8 BB 1Y 5 5 98 B A 22 27 dB,
WP AR BRI E S 2 T DA TR ). A
e gk TEAHSCSEINZ 2 iR,

N EE — .

£2 BRENDEMES K

RO | R
b T | Bl | Bl | L
i T 3 £ G BB 5
wo RIS e [ RE G | kg | e | L
1 EIRPy T/ | I e
W | | FRPY | i ines | A | ki |
dBW km B/ | S/ B
dBW dBW
b 3 B 1
3m K4 12 45.3 28 800 132.5 149 18
Y 1 1
lom K2k 52 45.3 28 800 122 149 18

fEohrE . BT PHTE 2 WisLR Ak 4 ABER -
AT PRI EUAS - A R I 2 LA 10 A RT3 A 2 I
TSR — 149 dBW, I TREUER P4k &k m EAT1E
Ty SV 2 LR AR R A B I AT R R
OB LI P R OPL A 1 Ak R B AR A2 AT 15 5 i
J3—132.5 dBW, FFREIHTE 5 3 m 5 R4 L% 0 AT
ff%. EomEsfE. FIEREME F17ES . DRAKE
KR .

FEFRAE L. RE M gi A R g4 A mEm L7
T DREIERBIRE AEEEERA, W A S0 T
BRI REREZIG . MBI LR S G 345 B i
M EATES . FEESEON A S M R ERE D
ARIEHAE . TR ATSG A R AT B A T8 R AT 2
IREM IE 5 HE 0 0l W i A 4 25 5 R R A A R
PEEE A, TRIEW B R 548 4 It U AT s il
FEriuh B AINPELE G AR 5 B R IR IEFESR A, TLARAAREEIRK
FEPEIER S

VR 3% rp 2k T b TT G BR R Y . E S R s 25 A b
K B EATES (BRI s, TRERESTRE E k%
BELEA MR AN EATEYS BRIP4 T E K BN E1TES).
UG TUR AR CEEE A EPEARS, W B0 E AT EE
BiEiie 4,

N AER .

fF5bia: MELEA AT S A TR h gk AR F17
W, TN I —h C AR S A T 2 I
A A R4 B Ay AT TR DA R M R R B L
A FLAE SRR 28 AT 15 5 5% Ry — 122 dBW, I F 40
HuTE 5 10 m PE R R LM LATES . HomaesifE. &
1L RHEW I LATES . DREKEREIRE.

FERRAE B Rk si 4 4 AmEN L1715
T DRIEFBIE A EEERA, W A S0 T
BRI REREZG, MM LE S A 54 B iE
B EATES . BESHEM AEET M iR DRESR
IRRBER GG BE . MIFEATIR A FN R 6G B w9438 18 1Y)
TATIE I YRR S E A G W AR AT I AR 2R A H R
Wers A RFEBFEIRS . DERBWEERAE A 8 4w
Uit B AR L5 MR 55 B BRI IE SRS, TR IE R H0 3
PR A I R AT .

VR 3 vp 2k TR b TT G BR R LY . E S R S 25 A
K B EAME S R 4% ) . TR RS F e 5 &%
LA AW EATEYS BRIP4 T E R B E1TES).
UEE TUR AR CENEE A ERAR S, W HOF E AT iEE
BiEisie 4,

e o TR I 003t R L A v A — B LA

TR S0 42 3l 0L 132 7 R B 2 JRE R g — O T 19 I P 3
UNPE 3 7 o M A 0 o 3 JBE 10 3 2 ) R B O JRE DL v
MR A, ZHR SRR WA TR
B DR, XS 12 8 5 s O g . A O



4 . AL 5 A

5 28 %

BB AT S 20 TR IR A LR IO A A T LS AR 22 B
Y —K. MR R — R . e 2 Brs . g
OB JRE AU 57 B T P AR g P e T 300 47 o 4 Al 2% 3t
B R A
Reh 4 TR

T3 b T 02 3 X0l 2 Oy RO DA T oy — T AR 3 B

WIEELREE . i 2 FiR, W A K% LITES, 1
BEREREE, REBE BEELITES, 1 dBARHEE W
NEIE A PATES A, FAS 1 dB A IEE B AR
SRAE . BRIE TR R IR L, R — R & % AT
RS IFME DAENDRE, HEEE AFEE B L%
FATE SR 2 A AN THEE S 18 dB).

RIGLEH . MEiE A FEE B4 AT S5 A A 22
1618 dB LIARY, TAREIERFHITEE A EHHES, EHEDBM
A AN ST MiEiHE A FEE B A EITE SR
PEAHZE AT 18 dB B, TR g R A AL B AT B RS R R
%FE%%%,E%%%EEEE%&ﬁLﬁBEﬁ%Q,

MIE A BB HAT . A5 R S T e )
—3.
ysme = MU TRTI 0l X0t R % A v ) T T A

AT 00 47 s ) B 6 ] ) R i TR R AR o £ BUAS [
TR, fEHusir S mE 4 R, i 5n Loy 9 Wi
Ol TURREHYAS S R PUBU TR GXp R TR 4
AR AN R 5E A AR ] S TR AR IR T RO s
SR N ST N ERE YL U S L R VTV = il o =
8 42 ol B e LS AN R A TR AT DR TERL KA &
B EN AN DL, X 5k R B S X B A
Mo T S0 BT I B 0 5 — 155 D A 7R U A X SRS

Yyt oy A e ABCIBE 1A 0042 30t 3t 0 JBL 1) 3 [ e K
Ho— Ay IR TR R P TR AR C JFH TR
A DI AT 3l O P04 Rl AT I A R . TR C U] il D
PEF AT R B s oy 7 TR Sk A s A ol ) 4 o
WAt Ak BATAE S SO R A FILE C BBUE A Y

Pl 4 b T 0 2 3 X0l LB 2 JRE e g 4 T T B 3

EATE S PR R AR s 9B LI A v A 3k I
IRBEN . WE Ao EATAE S A3k 0 [ I S 1] ot A 36 e A1
[ RIS ) EAT 55 iy TR A N B3I X6 7 AR 47 )

s ERER TR . TR C NI Tl . HOR M LA C /Y
P B AL R BIE TR A B AT S, S A ok L

Pl or ) kb TR A MR C RREFESE < . PRI A Qe e
BL7 X EERETE I 5 F BEAT 70 M e i

IR I E B U i 15 Gl e I & R R AT . I SR AE
Wk s PR, MR ARCEY BRG], &R BECE
MR A TR IR] A 0 P Ao o AR T ) DX R R
PRUUF NIRRT MR A& 2 0 7 2 A o [ At (] ) ) 19 01
B WEAT U LR G A B A B ST ) T R

Mo A B B AL, MR FT G A R B 2 F A 2% vh 4k i
AL RS HR AR 22 T B AN 225 M T I 45 0 R P A L BN
T I
AR -

D BEGE AR BRISHIA ., WSR3 A Rk
FiTEEGEY, B DESSE AEE LTEEGES, @l
BSOS AL AR B g . RS A A iR
A, SR ARBNEEIE L IERIIIAT, BEE AR B BR
R R B I 1

2) MPELEE R B REM ABEMEFN LT EY.
WFEHTom A FIPE TS B 2 3 &Kk BE A M TAE B i@
64, H WOR RS B A BRI AT, AR
B B B R we g m 15

3 WE MBI LR A ks A 1 EAT(E S, 8o A
iy B RIEME S R B B4, IS5 2R R M s A
£ BIELEEIE S IR PAT, SR A BoRICE R
o 1

O FEAIR D HAh LI INEGEE A RATES . @

CRH5 44 3O



