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Analysis of inter—system interference of large—scale LEO satellite constellation

JIA Min, MENG Shiyao, GUO Qing, GU Xuemai
(School of Electronic and Information Engineering, Harbin Institute of Technology, Harbin Heilongjiang 150001, China)

Abstract: The electromagnetic space of large—scale Low Earth Orbit(LEO) satellite constellation
system is complex and difficult to observe. The link characteristics of LEO satellite constellation are
studied. Firstly, taking Starlink and OneWeb constellations as the research objects, according to the
constellation parameters of LEO satellites, Equivalent Isotropically Radiated Power(EIRP) values are
obtained and visualized. Then the data of LEO electromagnetic satellite are analyzed to obtain the
numerical relationship between attenuation characteristics and time, frequency, etc. The inter—satellite
link interference and its temporal distribution characteristics are calculated. The characteristic values of
relative interference time are obtained, as well as the attenuation and time—frequency multi-dimensional
characteristics of inter—satellite data. The time characteristics of interference in different scenarios are
analyzed. The inter—satellite link interference of large—scale LEO satellite constellation system is studied
from multiple dimensions and verified by simulation. Finally, it is proved that there is interference in the
inter—satellite links among large—scale LEO satellite constellation systems, and the higher the frequency is,
the more obvious the interference is.

Keywords: constellation; LEO satellite; inter—satellite links; inter—satellite interference; Equivalent

Isotropically Radiated Power

7 PN S IR S Ny (s ey S 57 S = 1 AT 7/ N T iR 7 B A S A AR ST G5 N
L G BT IR SRS

RHL(LEO) DA F ARG ML/, {55 MPTEAE ik, BrlLoE &S REMEERE S, A3 DA M 2k
TosEE . AR A M —L LEO LA AR, U Starlink £ 4 F1 OneWeb £, #RRH T Ka M Ku S, B/
HHEVERER&r, JF HA R R 4r, 7T LRI A s i P e i EEoR o XRP LEO TR 2R 4 A9 AT 25 i AH U4/
o A Fa 0l 1 LSS 2 NS e [ 7 e 8 - RV /A

FAT DR ARG b iR LEO TLE B A i 2 18] T3t (4 £ 30 A 5 38 4k T 400 5 i iF 98 8 R B BE M. A Y

i EH: 2021-04-15; f&EHH: 2021-05-14
BE£WA: EXEARPIAIEAREIW H(61771183); E IR AT SEHI7T % 8175 H (B0105)



%1 R HE RUANEIEEERGFERSTHIW 35

AL TR v R 2B ARE TR A A N S A A L TG VORS v M A B R S [ A A O (R 25 DA RO [ s 2 1 o 8 T AR AR 1
&, H 2 A B SCER TP XS T LEO B B A 1Y T 4037 5 BB 43 Jmy BR T b A B i v A b T st 5 2 e M) ) [ AR T
DL K H Al Hh 8K 7] 25 #U3E (Geosynchronous Orbit, GEO)/ JEXT LEO & Z | i)+, St FAF LR — LEO
B Z ) 0 A E AR TSN, BT X T s # 7 E % . AR TR RS T, w40 B §rzs [ W4 dh 7
TER) T 5 FE WA O, $— 2 SEad o M7 KA T2 B R G T 2 i B I T3 DL A R T 4%, AR KRR
Wk b 2 G5 A% BT PR e

g b, ACHEX LEO KRB PR B JE R G AT @B f5 B, IR fe St B2 R PR s S0 A, H 5 S ae
I 8 G T (EIRP) A5 L e % St 40 Hi 5 AR5 70 B LEO KA TU B L Ak R e o] T4 0, I3 B EIRP {H 55 1T /0
Sy AT R AZ BN R T, S0E LEO KRB TLA R 5011 & M 4 i h A7 48 T3 .

1 LEOXKMEIDEEEZGEMARZIEE

I LEO KHUME TR B RGE M T, TakHUS A BN EIRP 55 & S 8cds . 1 o il ad #4405 52 B LEO
R TR R G R PE B R, R TR BE M S R R E i eE TP AL, TF 546 R4 25 | EIRP(2
(] e A7 B M TR 3 ke AL EIRP . R ATEE B% TR Z HHHL EIRP)FE N 4 T i S 8K .

P ZR e AL v 32 B R L R I S R

1) BRI K SOLEEAL 4 o R a8 (R ) I 5 45 Ty %

2) KT REEH 25 TEAHR A DRI, & 5 R 2 Ae 3 — W Jy 1) b 0 4 5 T R 8% 8 5 5 2 R 2k (G R B
REVHR S SR ) 4 S ) R B G LR . R R 25 DR A i R — M i R [R5 mae S, R RLRER
ST —. Wit 5 RETm E I, Jrim B SR aE, BR300 85

3) EIRP: T3 A2 ol b 1 3t 76 HE A48 2 O n] B4R S D, BARDIR S N 55 T D0 & 5 o) 3R 3 DL R £ i 1 25

Al 22 3 B Starlink F2 A1 OneWeb B () T, 1 5% 2 4R HOM > A2 A 19 J 5 404 - OneWeb R 4 7E 423K
Rl L 84 2 A . OneWeb #1138 TR R4 th K% 720 B T2 LA R AE S &0 A, I B 0B B b n] gk — 2
HAhN . OneWeb 2 JEIZFTHE Ku Fl Ka i Bt 9% I .

Starlink Z 4t i 2 R L PLE 1T RE 1, # 75 Z30 38 10 4 425 i T2 43 A A6 83 LB i b, #L3E /= & 1 110~1 325 km
ANEE, FEF P R AR 40 A AT, mI R ARk T I

T B M T3 6 (72.826°E,0), TE{ ELSCIA A D, dEECT A TR — BeRt [ i B, WEL KN 1s,
BRI X M T 3y . it TR S % 59 — 0 0 0 O o A L B RS AR R A ) SCRR AR R A TR e S T R Mb T
KEHLR SO TR 1 0 R A R

1) RELBAY

ZWR DR RS, TAEMNHE 3 X IR / BUAR 2 R R /N X, 38 2 5 2 /)N Xk 52 B 1A il 45 3 1 1Y) 58
B DR L RERM T IEN A, KNG 85 B T TR R P % 2 -5 Dk o i ik 28 22 1a) 1 3 £

ITU-R672.4 HEG I T R D7 B a4 &, mH P a & RENEAESE, ma— b9 0 HEE . R
5Om AR ES LN E, FibiEs Vatalaro T2 KL 7w E AL,

+)A-7) | 240) 0 T J,aw)
(;indsnzT PR @)

J J

F(0)=F(u;)=

u;=mnd,sing/ 1 (2)
e d, A A RBORARBALER; 2 K, J,0) B2 p R KB T RESLR NG HERE
2) LATHER EIRP 35
e LATEERE R, A (@) T M w3 & AL EIRPe:
EIRP. = P. + G, (3)
AoHr: Pe MRS A SFPAIL & S DI 2885 3 sk A BRI 7 67 AR B8 45 6 0 5 DR TH IR S R 3 48 Ge, B AT HEE AN
4 HL % 2 54T 3D JER .
3) TATHER EIRP 15
ERATEEM R, A (4) T i 5 & ST AL EIRPs:
EIRP, = P, + G4 (4)
Krf: P BEESHLU ST 38 4R B J5 0 £ B0 25 638 5 0 3+ SE i R 45 Gsso



36 AMZBMFERFRERFER %20 %

2 RMIEFHMHETER

NGSO

FEARL T A5 T, AT RE 237 A T — > H B Ol 2
BETHMG S B 1 e moak TIE R tnE
Kl MWEIHRILIES], LEO RETH —P DR SZR 2/
WIEM T3, FESNRE AT NI PIR g & BT
A RJESHEREE A ZRIPE R, H EATEER P AR T
2By Ho At B 1 TR X B T DA B At T B Y b B il
X H T 7R T AT B B T A AR Y T 4y H A Bk
Hb BR  )T R DL S P BEAEAE 9 GEO B2 JAE X Hb BR 3 22 1] /Y
Fe, and interference complexity

6] T — % 1 A0 TR 10 55 B o A S E B 1B A8 KL BRI S PR
RGP PATEE M T Y0, BY TR AR 7 b 52 By 1A FAR 5 A T8 ol & 326 00 A AR 5 s B, T T U o
b B AR R A BT . RSO AR R A BE B R IR R B DR R RGE D, HAR A SR skh 1715 B
AR, A ATREAR R B AH R B S B A rFEL T, R () Y B T XRME B R R
1 EHE BB EATIRZS T o JCIR 2 IR AR B0 5 m iy B2 TR 4, #B e LU Sl Bt ab 3105 50, o FaR Ay ik, Ik
IR AR 5 X R GEBEAT IR, 0 A & 0 R S O . Z R T R G R AR ), SR T DATE BE A 1 4 A
Wi 22 48 2Z 18] T e L A AT R, RS BB BT A B R TR R, W B AR EOUIT e HR R A 3 e
DA K TR A8 AT AR B AR A, AR SO e 2R I AP 1 6 s

TE IR R BT, SRRSOk BEAT I . 7RI B, F5 2 8T Lo AT Bt A B . e AR T L
5 R BB AR B AL R BT LR N

earth
station A

station B

Fig.1 Schematic diagram of electromagnetic spatial distribution
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Fig.2 Antenna amplification capability of OneWeb system
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Fig.3 Antenna amplification capability of Starlink system
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