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Present Status and Development Trends of Inter-Satellite Link

LUO Da-cheng,LIU Yan,LIU Yan—fei, XU Ping, WANG Qiu-yan

(The Second Artillery Engineering University ,Xi’an 710025, China)

Abstract ; Inter—satellite link technology is a key technology to improve the accuracy and autonomous navi-
gation capabilities of global satellite navigation system. In this paper,the construction of inter—satellite links
in major global navigation satellite systems are described. Some important researches on the inter—satellite
links are reviewed, including analysis of a constellation of features, building guidelines of inter —satellite
links , topological analysis of inter—satellite links,design of signal on the inter—satellite links,and transmit-
ting and receiving method of signal on the inter—satellite links. The focus of the present study of inter—satel-
lite links is pointed out,the development trends and future research directions are prospected. The research
of this paper provides some reference for the profound research of inter—satellite link.

Key words : satellite navigation ;inter—satellite link ; topology ; dynamic routing; development summarization

1 51 §

I 25 7 B P A% T PR R 1 H 25 R T L
MARKFAREE B A IR, DRESMASE LN N T E
R — 0 T L W R A R 7 P R 2 R [
R TR ORI TEA

HHT, & S0 KE DA TN RSN IEWistr
TR M T Sl R A R SR M T 3 A A Rl e
S 0 AL ARG RGBT R B RERA
AR | H M2 28 3% R I Bl s >k 1) 463 2R 8 e Ak

*  UWrHE HHE.2014-04-14 ;& E B #7.2014-06-23
#%  JEWMERH :luodcheng@ 163. com

- 1016 -

T, K B ] 5% % (Inter - satellite Link , ISL) £
A, TLE ST R G0 0 AT LA AR WA b T 3ol =2 35 9475 O
T ANIE R B TR ], P, B B EA )
(9 A5G, & e T AL A R 40 1Y) A2 () R
RILHEE,

) 2 B A S HIL L R D R AL 45 20
() T T L 2 ) 3 (5 S v R FH TR
S AL VAR RE RS AE 25 T A I AT DLAS AR b T 15 % 52
BLITTA 467 R 00 2 422 W 45 0 T AR BB R 45

Received date:2014-04-14 ;Revised date:2014-06-23
Corresponding author : luodcheng@ 163. com



5 54

TR, X XUHE TR A5 B2 ) SR AR BB SE BUIR 5 K J i

57

— AR, BRIV R R TR B B AT
A AFARE AL, T S B0 A [ AR X 00 0 A2 )5 1 14 2
RE. A2 (AR, nT A4 22 g 1 SR R 4 e
TEFAARGRTERE, ol LS B T2 B2 Y
PRI ERGEE B, 4R R T UE RS 5l i 2 [l
e 30 AT LASE BRI AR5 O3 A, 5 It 2 AR ) ]
FE A5 A R b8 D M T 38 (4 A1 i 8 BRI R G
ASTNAES B, 30 AN B2 2 3o ol E T I 200 T2
BAFURGE (IR A< Je b ARG B BT
NEE, [RIE BRI BE R AT, O AR R A
JREL ) B N SE R K A {5 A i, R RESE B ELIE TR
SCER TR A T, 50 RS AEATRETT

AL (A GE ER B e TLR SR GERRG B
F = SR A — T B O EoR . HAT, kT
B2 [V % ) B R 2095 B 58 SCHR R 22, (B0 A2
[F1) i e 4 TSR D0 09 B HR B B P SOk
ARSCAE H AT A AP A T e e SCRR I B All L, 47 T
SRR TR AR GE R (W) BE B A B O, 20 1 A
) BE B B K SR IR | L5 1 J2 ) S % 10 S B 4
AT R E BRI T 9]

2 EngEmZRiR

A5 AT [ S AR 2 () I %) R 58 R S 2
WA, LE GPS &G0, P i) GLONASS %
gt KRS GALILEO F 48 DL K 3k = iy <=k — A%
PRSI ARGAEARMN A AR PR T &2 5k
B

P IE A R B S eI T GPS MR AL TR,
ik 2012 4£ 12 J,GPS RGO LR ET WZA
RIS T A, GPS B EEEITH TR 9 M
GPS IIA |12 ¥ GPS IIR .7 ¥ GPS LIR-M LJ J% 3 i
GPS IIF 3Lit 31 TR EEAE GPS Block TR
N5 ol ) | = 1 o SN EN = T B S R I D e
TUARE HLAE — R IB BT, LIARIE R GETE 180 K
i ) P9 AN S b T SR AR SR BB R URE /NF6 mi)
KRR =R TR GPS I 1 E 78 K 71 FF & 24
H, 2012 4E 8 H 24 H  SEEXTH M GPS I LA
KSR HEAT T8 2 3 2 T A7 3R e M
Al - BTN R R GPS THA R F RS fir
Z M BB R T A F IR —48 GPS Bt fkis
AT B (0CX) #E a7 i 5 4 i, Soiik 1 AR A
()8 15 A0 4 ) D) R, R T R R A B 4
GPS A T EHAE L1 SREI NS GALILEO 584

WA IFEA TR LIC RA{ES . GPS IIIA
TRICKIFRE GPS B M%EEM MR 5%0E TR, A
GPS K [J4E s 1y i ar B FEA

B, A8 2 17 1 AE W i YR B S 5 TR GLO-
NASS-K 438 fin A2 1) 5% % Dy fig , BRI Y9 GALILEO
WAEFLR 4Bk AT Y R B AR R

REIEAER FAZMES < R T AT
MRS B, AR PE < db =l AR TR R, B e
2015 4F%) 2020 A AR R A 25 4 R LA S R
4, R E R 2 B B 5 B GEO AL 30
WA # I E T A (27 MEO T A +3 i 1GS0 T
)P,

2011 4 4 55 8 Wi db b S A & 5 K
Uy ArdE ek K A DR R g w i, &
] E A AN E e kv o s B B Bl RS
(AT Be U RE AR [ N Aty X AR R i R ) 1 Xk
AR ALY Hk, 3R E R I Rggia
o B TR A A (B R TR AN — N B, SCHE
TR JREAR S/ b T 3l L A N AR M TR S AE AT
M R AR AR AL L S bRl TR S
RN R JRIAT T % 5igk 15 T B a6k i 7E
“Je=1" AN P A E B,

3 ERSERAFRIAR

L [R5 5 11 2 AT 55 2 S I R T B [ A )
TN R R A A T O R PR R ST PL T R G
REF RS AR AR ER T RGBT R%
SR REHLTF RS BN B gD | R
B AT AE TAE s RER T R G0 B 256 82 [A]4%
A S R TAE Wi BR B T R 48 R B8R
KR8 1 Fas il | o O A2 B % 65 94 o 11%) K 2k i A
XU ; FERSHL T 2 58 B 2L 58 A5 5 W 2R A0 0K
it R RTIZE RS LA R I 158 2 I A M55 T4

H AT, N AN 22 5 6 B 1864 IR G+ AR i
15T WG AR, BOS T FE 0000 iR, AR B AL TR 4%
B AT 55 B LA B 2 B8, 3 B 5 SR K E AT DA 43
Sk AR PR R A BT T S A o ) [
(R R 268 4N AT LRI B 5 T | R IR R AR
S S AL L R S R B A P B A BT A
3.1 EMIEEREHEST

AT I GLONASS RGEIFA SRR A I, <4
Flmg” Fne Jb2p " AL FIF & SRR B, 18 £ RS
B A E BT, R I 2 [ B S B R A I 9 2

- 1017 -



www. teleonline. cn

HLIREAR

2014 4F

X GPS A SRS K Walker 52 8 Fll 45 B K17
NI AR

Xt T Walker F2 &A1 4 BN €47 /N TR 52 JHE Y )
DRMF , fr 2oy [/l —HiE - 4 TR Z 8 2
V) i 4% 1A SR I T PN T =2 ) %) 2 e e e,
T RZ 2RI R A, A AT RE T ZE A T AN R 2 R
HUIE N TR Z [A)0) E (R)AE TIB A% F— A~ AR
SR, 7T S AE A5 A AT R (R B R A BE PR HE ST
(RN 5 B B N T o T S 57 1% St ) B 2 5 B 08 £
Fro WS TR B BRI 7 AT 75 B A D iy [l R

B X6} B A N 2 (V) % 1) [ 8, SR [ 8 T 45 4
AT LR A A 557 R0 S ) B B A 728 A A P SR A
A 2 (V) ol 6 S B ) X B R EE RN PR RE AN RN 2 A
FU T T T R R B 1 R 24 1) 1 AR Ak, B[]
-l =gl = L L S R T o U S O = a1 K
RETS 7 5 T AL %) S (R I 7 AR A F A G
SCHR[ 9 JHF5E T 24/3/1 F RIS Walker F2JE T AL 1Y
AT UL K L TR B A R R R T A ST S L T
PR T AT PE, SCHR [ 10 ] WF9E T 24/3/2 H4 BfY
Walker F2 J38 5 []4% fi 1) #2530k FG% 866 T DL S 11
SR T BT ST A R 08 5 57 A AN A R ]
PR AR T Walker 528 0] #5722 2% 128 ) 4 I 1) 45
o SCHER[ 1114307 T 24/3/2 #9RIE) Walker AL 2S
[ 45+ TR S TR Z [a] i AH X 2 Bl A A Jae
JUMATRE Y 45 2 T AL A8 2 () 6% % 1 S AR LA SE R
SCHR[ 12 15387 T 24/3/2 #RL) Walker £ JEAY LA
[ P D D R L () 4% 6 AH O 29 SR 2% R, SCik [ 13 ]
XoF it BATRAT /)N T3 1 2 () B 1) 7 A0 B
() B A J LA R R AT T 40 M, 45 8 T/ A 4 DA
P TUAR P Bt 20 2 80728 b i 2 e 2 ) B A
SCHR[ 147X [R])J2 RO AE B | 52 [0 B B AR A0
A LA DL S R ] FE B S 80/ GEO X LEO 7 3
FREEAT T &,

e ol 2L ) e 7 ) M ) R R QT g [ AT, SC
BR8] 45t , B2 A1 B8 B% i X0 A 0 7 57 £ 9 728 Ak 1
AR, BhASVE RO, X TR B SR E R 2 K
R PR B Y R R R L TR B ) S DU
(), 2 [ B g A 3 e 2 () e A 6 1 5 T
K s TE R e 198 a1 RS B2 AN & S D M Rl G L T
0] P R T 3 Aok ) % I A S ) R A
PRI, e — > LA ) S T AL AR 1T 5, 2 () e B 1 A0
FJ5 57 R AR A /NS | B T B e, D) 2 [P e J
ST AR S .

B X T S ST R ) B R T R A DR AR I ), f

- 1018 -

T TR mEER R TR R R s T AR, ]
B A £R R 67 A LA B 2 T IR R i e I) AR Ak
(), R SCHk [ 8 ] 45 Hh, L IR % 6 2 A RE S AR R, 5
2L TR B B AV AR 7 A7 LA % ) B o s ] ) 28
A,
3.2 EEEEEEEN

SRR A DA 20T 3k B (V) B B S R N T TS
BT B B R 2 3 5 X v B B R AR R IR AL AL 4y
TC e T A, RO 3l 300 5 ot T0 B A S R ) P 1) 5%
ot ok A L, BT, B NGRS R
T T AL R U A A TR I Y L T A o
W, SCHRL 1S T8 T — Pl fie 22 B2 5 SR I L 1] % I
TEWI A A T LEO TV 5 76 il ALY Fl Py LA
I 2223 INBRIR G MEO T3 2 7 I 4k 35 J2 [A] 2 8] 4%
%, 24 MEO T8R4 A R Al LIS o0 i % H At v] 41
JEEINEA &2 IR R MEO T2 # vy 2 A &2
BB %, 1SRG T LLAIE MEO B 88 % YR Al 44 A9 1)
FHo SCHR[ 16 ] 48 T — ol £ o (%) 5% U5 SR W . 76T
L AR L () B S P 48 A A N AR B B0 LEO B 5T
MG N EA 2 2 NG IR Y MEO 1A # 57 )2 [H]
SRR, R T DUGSIE T A )2 R) L (R )
— RS R A ) AH R, 2 A )2 () A B B R —
YR B F g Ao 1] 1) e /ML

FET AL A T BRI B ke T (A A
EREANLIEIE S o AR = 7 T i3 6 s
T IR R WS e H e MG SCHER (16 ] /4 T —Fb
T R B g . LEO B A RZ S5 B ik 1Y MEO
DR Z R RN, LEO TR AWK 5 AT
MMEO T35 (8] iy I B, — B & BLAA 15 2 o 3T A
MEO T& 57 BI¥fFR 5 2 Hr MEO T2 8] /9 )2 [H] &
)i % I 5 HE B T i MEO T L S 7 )2 1) B W) i
% IR T DLARIE T N7 ) B 4% J2 I B (R e
B/ IMb  ERE 350 A 1% 2 a) AR () 4 %
SCHRL 17 T8 T — o 45 vl %) P 5 SR W« 76 - A0 2 e
L ()% (i PR 28 Fi N ER A B, B LEO T il 37 4R
P B BT 9 MEO 132 A7 J2 18] A2 [A) Bl 5, 93153058
FENT (1) )25 (B) L) B % BB 0% 2 45 1Y) Bsf 1), DTG A5 31)3%
2 () 2 (R e B ) — R BRI TR, A T A ]
ik (R A 7 )2 ) L T e i o, 5 0 T ) ) A ) e
B — YR S B A R) 3 O AR R A B TR,
SRR T DRUEFT AT 25 () S5 (R e % AS 2 v B, 52 o o At
i 0I5 Bk Jr A 2 ) L (R B T — vk B i T ) [
(e /ML, J T o P 0 A S P () e s e L
TR A o i AR TR e AR B 1 ) I P A



5 54

TR, X XUHE TR A5 B2 ) SR AR BB SE BUIR 5 K J i

57

A AAEE I R B 22, DAL S AR A — o dE
B

L) BE KA — A TR SR, RV () B AR
FEARFIE] AL A0 B B ORI Bsf [ AR, D A2 ) 5
OB D T L, B AN TR (R4 A
Y B R 3 2 I ) SR S HL ek i SR M, SR [ 16 ]
AT — P e R % Hz ] (5] SR W6« ) G Fof i e o At
f,LEO TR IEFERENS N A O 4 U5 K 32 [A] 119
MEO TR HENy J2% [a) B () 6 B, O 4k 45 120005 %, B 2]
% MEO DA K LEO T8 il n] M7 [, &5
VERERENZ N A O 3 b i K B mT A1 A9 MEO DA,
TZ AW AT LALRUE i 37 0 g 4 22 [ 2 [ J 1y o e
UCE R/ IME, (HJ2 ) 2L [R) 4% o 1 P S PR B 3 . X
R 17 82 T —FP AR rp R s ] SR s . A T 2 8
() 5 % P 28 AR S DA IS B 0 LEO T8 57 -4k RE
g P A K BRI 1R () MEO 102 78 57 J2 ] 2 1) 4%
%, TG 2 R) B2 (AL AE I ) — Uk S B EE A ] A
[F] , 2 T AT )22 [ () 4 B T — R 3L o 2 (] 1) e
M T IR A T B T R] Y B2 () 5 ARk e LR Y
A K RFERAE, K 5 AR T B B U0 e OB
> AR BRI IR R i ELA ke TR T B Rk X
MER A5 RIRHL,

S5 LT 7RI T B BRI, MRS SR A
T P SRS | i A 2 P[] S S R B 2 R IR SR G 3
TS 70 1) S [ I g 2 SR s, o7 M e e I 1Y A TR)
HERE
3.3 EEEIRIIRINIR

B REEH I R SRR A DR
B] A8 O R LG S LR B Z R RE WL R
S [ B A 8 1) (AR RN T 2 £ ) B i AR AR AL
Vi) B 25 i s AR b R A

HR Y8 & 5 A7 A6 D) 48, B2 (R I 1T Ry e A5 12 [
G (R A B (RS B ) A2 25 B2 TR B I R
L ) B 5 N BT T 9 ] DA R 2tk A 1
YRR AT
3.3.1 FESEEERAINHR

o b L (AL B, T B LA LA ) s, —
TS B R B ST AR BVTE L DA R
P05 N7 R DB B A PR T R AR AR AT Iy —
JE TS R (R4 % 1Y) SR DL 43 TE , BVPE P e At o7 e 0k A
] B ) I T v B B AT S L4 L —
1F AL RIE B S A AR A R A 2R, b B R
I ANAFAERE I 00 D10, SR B8 8% 19 S 80 (L 35 B 1)

FEES M) BIsh AR A, i it gh A TA) % i
R 5 10 2 S 3 ORI R B A 4 S i i 2

B X 2 ) % ST A R ) 1) A8, SCHR T 18 1 40 #r
T I NE BB B A AR 0 S5 A, D T AN [R) P T
DN L RN = S ER e 1Y DO ¥ = A7ib ey At Pes a1 Ksia
BEAR ) ) B, SCRik [ 19 ] 3 KRR oE R Walk-
er24/3/2 J JE T B 1 B2 B) JUART R PR RN 23 (8] 45000 43
B, it T — A Rk A B S5 R RE ) 1 A2
Vi) 1 5 % B AR F NS ), A 255 b s 2 T L T e B 1
SR T R GEAY AT S A AT S

X BE I AT A A L ) A, SCHRT 20 1A TS
J7 VR R AT T T3 ek R B B 2L D) v 1 B
AN WNESIESS I A EIF I

B X B ) B 2 008 A Sk %) 52 il 1) ] 8T, SC
BRI21 48, AR B A /N B AR Ak i Bl X 2 (1]
WAE R G DR INFIAS A 4 T AR K
R B4 17 AR AR D T2 AR B RS
FEMSOR 28 1) 52 2% R PRI X 2 2 [) Fsf -t 5 4 7 4 8 1)
WRME BB YINOC R, SCHR[ 22 145 3, %
R A5 B2 ) i 6 1) ) B AR A ] DU 3 R 3R A
SHERER DI RE RGBT AN, 43 AT B2 R) % 4 1] A2 1k
R | [ S8R L 45 0% 28 ity R it v i 2 R PR
B, Al R SRR IR 2 A T R AT ISCIR A
3.3.2 HEEEERHAINHR

B2 B 1) Bl % 1) i IR e A B B B AR
RV (B4 AT AE DI R B A, [ N A2 5 Bl
SRS AR F N BT AT, 2 224 R e T 4 2 )
A5 B2 (A Bl 5 LA K s 285 S TR B an ] a4 7 B0 e AN EEL A
W7 I

B T ) 2 L 1) e 6 i e 1% ] BT, R
T PR B2 ) 5 10 190 0 T3 L B M0 AR R B 38 6 1
RAHMET o kB A B B AR 8 ST T, EE T BE B
51 T3 5L 1) R R AR AT B M 5 1 X, i LAY
FHXT B SR 24 T 3h AR b PR 5 22—
A FR ) B 3% 0 AT 0 R R ) 41 DXl B9 A
TS, QNS EUE N0 E A BN S BB o8 R A
() B (B 475 5 PO Al 20 A BR B8, BD G 5 e B 1) e
N7 3 WA TUE ANEA E AR A R, B R4 B 5 i
DRGSR ET BUDNG I RS R G5y N (7 N ST
TECR A BE R R ST IR BB, & SHE S I UE
SVCAARFRG G I, IR SEPMERE L X T A
SE AR R IR, SCHR[ 23 146 H BUE A0l E AR &R
T DERESNEE | TR PIE PR, LT
BB RZTE LR A TR B4, Hrh 2

- 1019 -



www. teleonline. cn

HLIREAR

2014 4F

B2 FNELIE T B R E MR

X T Sl A L 1) e % %) TR [ AL, ] PN A1 2 1Y
F 5T 32 B v 7 Sh A AL IRV I ) A O ik s 745 2
(i) % 11 B PR A H R T

e Xl 2 () % 110 A [ 8L, SCHIR [ 23 1 A ke 5
WAL TR YT T R R () 20 A58 S A i 4iE SR
T HE I [ &5, 2 T — b A B B A
SCHR[24 |5 T B2 [R5 B D045 %5 22 12 T L I 25 4
FNEERIARAR I RE A, 45 T T3 I 252 47 8] 40 ) Bsf
(79 = R

B Yo B i) e % % PR AR T R R, SCRR 25 ] A R
BT T 3R E GPS FR 40 AR [ Bl i1 A 0 B B B U
W IF AR T BB TAERI, SCER 26 ] 4% B
H EBREERS ) LEO/MEO T3 0 4% | R FH st 7] 55 L
AR B B PR A o BT 9 R UL D 2 P Bk, BTG
T TEES B T R 2 U T AR L 1R
T 1 5% PSS R O 2 R R R B R T
—FhEA B B 1TRE 0 TR W 45 3l A il s
(SDRP) , SCHk[24 13T T —F I TRk
TSR IR AR T R 1 22 )2 T AL I 465 18 1h
W(MLSNRP) , 343 BT ik B T3z UM vl 477 A
B s E AL I BT A BRCR S LS, T
MLSNRP %t S f; FABEAY

AL b, BT R—ATU AE 1 E E  , BER 2
T S LA BE T B T s A R AR, S
k[ 27 1%F Walker24/3/2 F2 8 0 AT WA BEFT T 2041,
JHIE BT T — M SN A —Fh S S F b
o, AT R A B AR R D58 15 T oK, L RE )20 2
B H EFMTREK
3.4 ER#EERNESIET

PR T AR G A A % 4 Ay Y BB B
HLEC 20 il 19 78 UHF %] EHF (190 GHz) i1 14 >4
Bt AL HG AR L A BOCAT B, X S8 85 B — &R 43 1]
HG4 R TC L L &R 41, o — &R 43 T IH 26 624 3K 43 .
DR M e AT A T R 4, i T S T Ay B AT e i
FIE2ERE

SFPARURE 6 T2 B R TO LR L B ELA ARG
PR R B LS A B AE TR R A
1% T8 bk TR ) TC AR L A B e T R e T E DU T
Beai

TG I B RO I A E A R R
SRS R LT PR RE ) SR AN B A AR A (B AE
W EY Bt B A I I RBRIROR AR IR TR

- 1020 -

FARE R 000 P A e A

CHR[28 ]/ 4H T GPS—2R/2R-M A [a] 4% B% 4
A%, H T GPS—2R/2R -M A 38 {5 4 By B
1R (250 ~290 MHz) , A )6 % A H S pR I B it
B MTZE A, D TR S i 2 R S 3 2 22 ik
I, AR —P S PRSI — AR5 iRt
BT, 24 JU7E B T AR 9 S0 T i 43 T6C A9 1) B 45 AN
AFTR], AT DAL 00 3 ot 60 50 40 o 114 4 BE 35 36 s, TUBE.
it = BLAE36 s B[R] P 58 A2 e T A T3 1 — 3t 42
VAT, S0 R A T L R A A S ks D, R
FALTIEEW 2 )5, FEAE36 s 8] J& 3 9 56 Bl 2
JE D RRE R BARE 5T, GPS-2R/2R-M A [i]
B AR R — A EWUGE B 1 ST EEWURT 24 4K
Pl Ft 25 i 2l A%, mT L — > 3= W 4 B 900 s,
GPS-2R/2R-M T3 /2 B [a] 4% i 0 it Ji) 39 ] 6 5 2R
900 si¥ %%k, 38 % ~15 min.1 h.2 h .3 h 4 hfl6 h
& H RO EIE

SCHR[29 ] 76 WA 2L TR AR 4 A 2R 1F T, B4
LDPC R{E A 52 1805 38 (0 g i sSCEA T 592, 45
TAZAT T G B 1 s A g A Oy =X, e
(RERG IR AT T 05 AT EL , I X PR RS BB vk AR B (1)
R T TRV, A T R RMEE L APEREDT A
3.5 EE#RESHNEZHMERH IV
3.5.1 EEEBERERAR

RS SR S FERERL T RS,
U N A48 AT 9 R B A RER I3 R4
(R AR R SHME S S BOTHE

SCHR[30] 78 Fr 2tk VO RS BB R 2% 1 S Atk - 48
TP FH R R B ) U R B R £, B UE T T
VT DU R e R 2k 1 T E

SCHR[22 136 H, 2L R4 s 1 A B AR Ak SR mT L
53 B R H B IR ER D Re AR 1T AN, 434 2
BB G AR TR R AR, F ol IR 3 2 3 R 4R 1Y BRI
TER R R R, o] fiff B 3R R R IR &4 T R A1
FCIRAS . SCHER[31] 200 T rh gk 2R - B A
T S 1 R B R S TP K KR AR 22 L TR 138 XU
G, R TRIEFE,

SCHR[ 7 1 E 222 T3 I 48 A L 1) e s 2 80 )
() R AT o0 T 6l 1, 20 e S R BE AN Ka A
Bt B Hrit A T GEO/IGSO , GEO/MEO #1 1GS0O/
MEO T3 & [0 55 i I & 55 0 E, /N, &35
R AR TR R E Y E R
3.5.2 EEERNEHA

) B I B AT 55 Dy TR I A 22 A 1



5 54

TR, X XUHE TR A5 B2 ) SR AR BB SE BUIR 5 K J i

57

PRALI R, AR B g ST R [ S S SE A
R, 532 G T Y RS2 B2 ) % 6 10 S 23 0 8 0
H FIORG B Rl | H A ey AR 3032 0 ) 2 TR L
B ) T i AR AT R R S R A

I i T PN A 3 ) B 2 i) B AR e 2R
PRt I AR, 40 5% [ Y GPS—-2R A2 &[] i 25 1Y
SR Bl D R I BE AR, GPS—2R 1A it
OB B [ 0 B 7 9000 B B ) R P B AR A
— i GPS—-2R TAL7E S Hic i) e Bt L & SR A5 5,
HAth B ] DL S A SR TR, X UHF BBz
I FEAR 5 AT A 3L R AN T 030 23 T 5 oL 8 )22
SN ISR, SE RCON BRI B FE AR T ), SR A
P B AR R DR A R BRI R 55 A
B S EIE S8, B E D B R A TR
i Ol Y TR 7 B R I A 2 R R Y A
Lk

Xof B (R ) i R oY, R A
V) B P TS T | L DB A 5 1L 16 T R 22 40 BT
R AM L R B2 ) B i 1) i s A R 845 i b

B Xof L IR B TSR T A 1) 8T, SRR 32 ) X A
[ B8 B 1) R B T 2R A AR S AT T b e T
Walker—8 52 JA% it B[R] B i THIGAL

TN B2 (B4 A 5 AR R 22 43 BT B M ] T, ST
Tk[S 46 Hh LI B ) A R 2 ok R B2 . R Y/
FPEMOHLE RS R4 I 12 25 R ZR AR Pl iR 22
PR AERTIR 2 2 BRIV TR 22 ARSI 1522 Fil
A IR 2SS Sk 33 ] MR I BE B | R ) B K
PRI TR B I ARG 1 5 I 3R 1L 2
E) B8 AL (5 5 I TR A 2R U A 5 T AT, F A2 () %
BEUEAT T O BT, A5 T B IR BE A [ A R
Ik AR LR

Ftou BLTA) i BB A U [a) i, SCRER [ 34 ] 4 1
T 0 R RO I S 2 3 A I AR R kA
AR MRy 9, SCBL T 227 A Y B2 ) A e
BRI AL S DR A R A I, SCHER[35 ] 4 T —Fh
JH SR B3 2L 10 A B 14 B A2 i AR I Ut
LAl bXoF AL RIS B SRR AR 5 i 0 LY | 2235 S S
R [R5 HE RGN I BRES BT T 4007 .
3.6 EEIERNEREST

S TR 6 P A 20 M T L R A B R R 7
2R NBE R RORS R T | IR0 0 I L R [
R PEREDEATOF ELBRUE, STk [ 36 118 T GPS &
() B S AR RS0 1, SR [ 37 1 45 5 K A BT
7 RT3 K 2 D) SR A DU L S 240 o i

RN S5 T A R A T SR DA A
JAE 25 HE T A 1 B TR B R T LA R S
BRL12 75387 T 24/3/2 F974 ) Walker 5288 ) T AL (H]
AT L DL 2L 1) B A S 20 ok 450 30t die /R
i JE A RTINS B0 3 AN ) 17 2 [ B 4 £
TR T, SCHR[36 ] 3 T — b 2 L ]
e R Mk B Y 3 T LA AL 45 T LEO/
MEO U2 T3 W 11 22 ) B B e 1 6

4 EE#BRANZRBIFARESR

M A ST ST AR SRR | B2 I B B 5 R 1)
MBS T [ 2 LU JLANJ5 I

(1) Jinss A2 ] £ 5 AT 5 ) 1 B 5 1, SR T B e
PIBLHERS (Ka |V UBEAE ) SOHOGHE B, SR T 58 3%
4 A b AR BGRB[0 R R A AR
[ B S S A i e 2

(2) RIAIBERS SR ™ 4B 2 (]
LT SR (I AT A0 | A2 I RS 2 ) BRI T
NSRRI 3 RS B TR S B Y 1 2 S B 2
RE Rt T2 B A5 2 2 A Y L (o A2 1) B 45 1)
AR L) 5

(3) BN EEFRAE = 540 0 R 22 L B RS, 73
A FER]3E {5 PR35 , 57 25 1] 42 S At #6 70 22325 3 i A%
AR AR R R T R T S K AR i R s 0 B
TEAS[APIRZSS B2 AL GRS A9 2 50 (IR A5 1o A2
[ E B 46 ) A2 A LA K M TR R AR A1 Bl i 2 2 A5 (1)
R A1 LU DR AT R S 45

(4) BRI BEF A AR B ph e, BT A
FRPERIANZS TLR A ARy U AR A 2 [ 5 i s ol
AR A BT D A A SR N R R R D
R,

(5) B G R P B BT, BT 5T R ] 6k
B TUAR T T M 2 ) 6 o ) D REZE 5 - BE I T &Y
BT E AR 2R R L b TR s AR VPR i
RS SR Y S A S A B, LR
e P2 PR RE 5 A o R AHE B RO D RE AR R R B
FEAE TR A A] DA e A=Ak, 5 T H BB ML 3l
A AFAERCBEIRT | Wi R R0 T A2 (R BE %, U A
P L A R 8 T2 74 A, S ST 10 2 W

5 & &

AL R BE 2 TR A 6L R G0 1Y) B B
I, IR E A GPS &40, i &3k [ 1 78
- 1021 -



www. teleonline. cn

HLIREAR

2014 4F

ey AL AR R SRR S, B2 ) B A T A
N Z—, FEXT AR A BE B HOR A9 e A i
L BEFERE R 5 T7 18], i — P TR AT A 0] B 4
AREYBEFE, TFPeFEREFE AR ) SE BRI HIFE AR, 4 0 10
U AR G0 B B ) S B R ) BRI ARHRE A
FLELHYBAR R

S .

(1]

(2]

(3]

(4]

(5]

(6]

(7]

(8]

Wu A. Evaluation of GPS Block IIR Time Keeping System
for Integrity Monitoring[ C ]//Proceedings of 39th Annual
Precise Time and Time Interval Meeting. Long Beach,
CA.IEEE,2007 :351-362.

Rajan J A. Highlights of GPS IIR autonomous navigation
[ C]// Proceedings of the 58th Annual Meeting of ION
and CIGTF 21st Guidance Test Symposium. Albuquerque,
NM.IEEE,2002 :354-363.

B 2012 4L H GPS RGL A REA[T]. TR,
2013(2) :18-20.

ZHAO Shuang. Review of the development of the U. S.
GPS system in 2012[ J]. Satellite Application,2013(2) :
18-20. (in Chinese)

MREE B T8 5, R 7, A A BRSO R R B
AR KRB T]. BiRKe T ,2010,19(6) :1-7.

LIN Yi-ming, HE Shan—-bao,ZHENG Jin—jun,et al. De-
velopment Recommendation of Inter — satellites Links in
GNSS [J]. Spacecraft Engineering,2010,19(6):1-7.
(in Chinese)

AR T ) ) AU T T S S e ][] 2
JHEWIFELD]. KU ER R A HOAR RS 2011

ZHU Jun. Research on Orbit Determination and Time Syn-
chronizing of Navigation Satellite Based on Crosslinks
[ D]. Changsha: National University of Defense Technolo-
gy,2011. (in Chinese)

TR LM LR R L RS
#2,2008,29(2) :391-396.

TAN Shu - sen. Development and Thought of Compass

[J]. s

Navigation Satellite Systems[ J]. Journal of Astronautics,
2008,29(2) :391-396. (in Chinese)
HZEZS e TR, B KU 202 TLR 4% L A1 i P RE O3
Hrcit[J]. BRI ,2010,33(2) :140-145.

TIAN Yong-rong, LU Xiao—chun, HUANG Fei-jiang. De-
sign and Performance Analysis of Inter—satellite Link in
Multilayer Satellite Network[ J ]. Journal of Time and Fre-
quency,2010,33(2) :140-145. (in Chinese)

RIEG . ARF IR HUIE TR B R BT R PR T
[D]. 8K H T RHE R, 2008,

WU Ting — yong. Research on Non — Geostationary Orbit
Satellite Constellation Design and Inter — Satellite Link
[D]. Chengdu: University of Electronic Science and

- 1022 -

(9]

[10]

(11]

[12]

[13]

[14]

[15]

[16]

Technology of China,2008. (in Chinese)
AR, 22 58 SR T B, 4. —Fh BLAA S 00 (A1 BE B 1Y
Walker A2 J9 0 2% 41 4055 Bt A2 8O S8 [ 0] il 25 2
TR FARBRARR) ,2009,10(5) :409-413.
HE Jia—fu,JIANG Yong,ZHANG Geng—xin, et al. Topol-
ogy and route production scenario of Walker satellite con-
stellation network with inter—satellite link [ J]. Journal of
PLA University of Science and Technology ( Natural Sci-
ence Edition) ,2009,10(5) :409-413. (in Chinese)
W, A . Walker F2 P B ) BEB& 53T [ 0], KM
5 HEREN 12 ,2012,32(2) 1143 -147.
YANG Xia, LI Jian—cheng. Inter—satellite Links Analysis
of Walker Constellation [ J]. Journal of Geodesy and Ge-
odynamics,2012,32(2) :143-147. (in Chinese)
T, 5K 7 bR, Walker S22 JA2 2 ) 6 6 A4) 12 4E ) 2 A Ak
BEHIFFE[T]. K47 H1%%,2007,25(2) :93-96.
FAN Li,ZHANG Yu-lin. Construction Rules and Design
Optimization of ISLs in Walker Constellation sn[]J].
Flight Dynamics,2007,25(2) :93-96. (in Chinese)
PIMVEE RIS , ¥ S0 4, 5. FEF fe/) PDOP #EI 9 12
[ EEHARFN T [T ], AT AS l K R # 24, 2011,
37(10) :1245-1249.
SUN Hua,HAO Xiao—peng, FENG Wen—quan, et al. In-
ter—satellite links topology scenario based on minimum
PDOP criterion [ J ]. Journal of Beijing University of
Aeronautics and Astronautics, 2011, 37 (10) : 1245 -
1249. (in Chinese)
SRAZ B, AR AR S A 15 3 g A /N TR R )
LA RRIERT S ()], BT 5 05 B E4R, 2006, 28
(5) :861-864.
ZHANG Li-wei, ZHU Li-dong, WU Shi-qi. Study on
the ISL’ s Geometrical Characteristics of Small Satellites
Formation Flying in Elliptical Orbits [ J]. Journal of E-
lectronics & Information Technology,2006,28(5) :861—
864. (in Chinese)
AR ZETA, Rk AL, G5 22 TR EOG R 4
BEASTRSED L) ] FUIRER ,2010,50(10) :87-92.
YU Kan—min, LI Yong—jun, WU Ji-li,et al. Space Char-
acteristic Simulation of Optical Inter —satellite Links in
Multi—layer Satellite Networks [ J]. Telecommunication
Engineering,2010,50(10) :87-92. (iin Chinese)
O, 220, R . HA B BR#E % 1Y LEOKMEO
BT 9 248 R SR AIE 52 [ T ). HL 727412, 2000, 28
(4):31-35.
HU Jian—hao, LI Tao, WU Shi-qi. Routing of a LEO&
MEO Double Layer Mobile Satellite Communication Sys-
tem[ J]. Acta Electronica Sinica,2000,28(4) :31-35.
(in Chinese)
SAE T, BRFHL LEO/MEO WUz TL AL I 4 22 ] i) bk
BEMCHE SR IS RO PERERT ST ()], T 5 1R B,



5 54

TR, X XUHE TR A5 B2 ) SR AR BB SE BUIR 5 K J i

57

[17]

[18]

[19]

(20]

(21]

(22]

(23]

[24]

[25]

2008,30(1) .67-71.

WU Ting—yong, WU Shi—qi. Performance Analysis of the
Inter—Layer Inter—Satellite Link Establishment Strategies
in Two—tier LEO/MEO Satellite Networks[ J]. Journal of
Electronics & Information Technology,2008,30(1) :67—
71. (in Chinese)

Feng S J, Ochieng Y. An Efficient Worst User Location
Algorithm for the Generation of the Galileo Integrity Flag
[ C]//Proceedings of ION GNSS 2005. Long Beach,
CA:IEEE,2005 :2374-2382.

TRk, TV A, 45, TR i A BLIRVE I 1)
B ITEATIEL )] (554 ,2006,27(8) :129-133.
WANG Zhen-yong, WANG Ping, GU Xue —mai, et al.
Research on design of permanent inter—satellite—links in
satellite networks[ J |. Journal on Communications 2006,
27(8) :129-133. (in Chinese)

PRI, HH, TR, GNSS A2 [ I I 508 1 B vk
BFFELT ] Rk BOARREE 2012,42(2) :230-240.

XU Yong,CHANG Qing, YU Zhi-jian. On new measure-
ment and communication techniques of GNSS inter—sat-
ellite links [ J ]. Science China; Technology Science,
2012,42(2) :230-240. (in Chinese)

Noakes M D, Cain J B, Adanls S L, et al. An adaptive
link assignment algorithm for dynamically changing to-
pologies [ J ]. IEEE Transactions on Communications,
1993 ,41(5) :694-706.

PR, DAEEE RGN KO D]. K.
eI Bl Bk B AR R, 2006.

LIANG Jun-ming. Study and design of the inter satellite
links of satellite communication system[ D ]. Changsha:
National University of Defense Technology, 2006.
(in Chinese)

Abusali P A M, Tapley B D, Schutz B E. Autonomous
Navigation of Global Position ystem Satellites Using
Cross—Link 1V Easurements [ J |. Journal of Guidance
Control and Dynamics,1998,21(2) :321-327.

Wy, EWITE R AU, AU N A Pri i ) — o O i
BEEEASIRL ], AL E,2011,28(9) - 79-83.

YANG Li, WANG Ming-yang,PAN Cheng-sheng. Novel
Link—Reconfiguration Algorithm on Low Orbit Intra—lay-
er Inter—Satellite Link [ J]. Computer Simulation, 2011,
28(9) :79-83. (in Chinese)

Ut LT R) 6 PK Y 22 )2 TLAL N 26 0 ELOC B
ARBFFELD]. HM MRS B TR 2011,

LI Hong—xin. Research on Key Simulation Technologies
of Multilayer Satellite Networks Based on Inter—satellite
Links [ D]. Zhengzhou: PLA Information Engineering U-
niversity,2011. (in Chinese)

HE 2= MR aE W], R AE BE, 2F. GPS BRI BERHOA S ) 3
UL T ). IRAS TAR,2009,18(2) :28-35.

[26]

(27]

[28]

(29]

[30]

[31]

(32]

[33]

ZHENG Jin—jun,LIN Yi-ming, CHEN Zhong—gui,et al.
GPS Crosslink Technology and Autonomous Navigation
Algorithm Analysis [ J]. Spacecraft Engineering, 2009,
18(2) :28-35. (iin Chinese)

T, X 2z WL K. B B PRER R LEO/MEO 1
SR 2 BRI R PMSCL T ] bS8 A 24, 2010,
34(2) .48-52.

TUO Yan—jun, LIU Yun, HAO Li-gang. Dynamic Rou-
ting Protocol in LEO/MEO Satellite Networks with Inter
—Satellite Links [ J]. Journal of Beijing Jiaotong Univer-
sity,2010,34(2) :48-52. (in Chinese)

PR AT XS, 45, —Fh S AU A A ) i
MBI D] AURAR TR ,2011,20(3) :32-37.
LI Zhen—dong,HE Shan-bao,LIU Chong—hua,et al. An
Toplogy Design Method of Navigation Satellite Constella-
tion Inter —satellite Links [ J]. Spacecraft Engineering,
2011,20(3) :32-37. (in Chinese)

PR I, ). PR SR G AR (1)
[J]. PEALR 2007 (9) :24-29.

CHEN Zhong-gui, SHUAI Ping, QU Guang-ji. The de-
velopment of satellite navigation systemtechnology (1)
[J]. Aerospace China,2007(9) :24-29. (in Chinese)
WRAESE. (RBI0E 2% B/ TR R A B s T o0 A [ D]
WA KT < I R Tl R 2%, 2009.

CHENG Jia-bao. Analysis and Design of the Inter satel-
lite - links In LEO Satellites Formation Flying System
[ D]. Harbin; Harbin Institute of Technology, 2009.
(in Chinese)

g V. — bR TR T S Y DO R MR IE K 5k A BF Y
[D]. VU2 L T RHE R, 2011

ZHANG Tao. Study on Quadrifilar Helix Antenna for In-
ter—satellite—links[ D ]. Xi’an: Xidian University,2011.
(in Chinese)

BRIz ol W) B A IR R GERAR T[] & Al H
FHAR,2009(2) :109-112.

LI Xiao—chun. The Analysis for Phase Calibration of Angle
Tracking System in Inter—Satellite Links [J]. Space Elec-
tronic Technology ,2009(2) :109—112. (in Chinese)
BRAMEE VA RHT 2R 30, 4. Walker—d L JA8 2 [H] B it
MBI AT 505 B (0], =S R R HOR 2012
(2):10-16.

HAN Song—hui, GUI Qing—ming, LI Jian—wen, et al.
Budget Analysis and Simulation of Inter—satellite Link in
Walker—8 Constellation [ J]. Chinese Space Science and
Technology ,2012(2) :10-16. (in Chinese)

B R BRI GE i s 6] 4% 3% el i) o AT
[J]. Bl2R 5 TR ,2009,9(13) :3840-3843.

LI Ying—Chun,ZHU Shi-bing. Analysis of LOS of Free
Space Transmission in Inter — satellite Links Channel
Model[ J]. Science Technology and Engineering,2009,9

- 1023 -



www. teleonline. cn

HLIREAR

2014 4F

[34]

[35]

[36]

[37]

[38]

(13) :3840-3843. (iin Chinese)

XN HH 2 A BN S A0 T 15 i I A DR A A0
ﬁtﬁ*[ﬂ A [ LR 2010 (1) 123-127.
LIU Lei,CHANG Qing,LI Jun,et al. Bit Error Rate Testing
Technology for the Inter—Satellite Link[ J . Space Electron-
ic Technology ,2010(1) ;123-127. (in Chinese)
A, AR, (185, A, SRR R B S STK/
Matlab SZBE[ J]. HHAEAR ,2010,50(9) :19-23.
WANG Qian, WANG Zu-lin, HE Shan-bao, et al. Dy-
namic Inter—satellite Link Analysis and its STK/Matlab
Implementation [ J |. Telecommunication Engineering,
2010,50(9) :19-23. (iin Chinese)
XUSEIE, A B, GPS 2 [ 5 i N RS A 540 T 12
WFFELT]. IR A4 ,2010,33 (1) :39-46.
LIU Ya—qiong, YANG Xu-hai. GPS Inter—satellite Link
and Simulation of ISL Data[ J ]. Journal of Time and Fre-
quency,2010,33(1) :39-46. (in Chinese)
Wi, BT — R A0 T AL I 45 B [ e 6 3 T o0 4 5
iEAEFE[ D] B AR RHER A, 2009.
YANG Lei. The Integrative Satellite Network —Based In-
ter—satellite Link Design and Satellite Network Manage-
Wuhan ; Huazhong Uni-
versity of Science & Technology,2009. (in Chinese)

g it , 5K 45, M0 E AL, — Rl R T A AR E R Y

LEO/MEO BUZ T2 0 A 8] 4 B 53t ik [T ], |
T 515 B2¥42,2006,28 (6) :1086-1090.

ment Strategies Research [ D ].

- 1024 -

YUAN Zhe ,ZHANG Jun, LIU Chong—kan. A Link sta-
bility — Based Inter satellite Link Design Strategy for
LEO/MEO Two-Layered Satellite Networks[ J]. Journal
of Electronics & Information Technology,2006,28(6) ;
1086-1090. (in Chinese)

TR (1981—) , 5, W FAF A, 2010
ETE IR TR A B AR A, B U
i, BRI A TR SR
FIRE AV A
LUO da-cheng was born in Xinshao, Hunan
Province,in 1981. He received the Ph. D. de-

gree from the Second Artillery Engineering Col-

lege in 2010. He is now a lecturer. His research concerns GPS
and INS integrated system and inter—satellite links.

Email ; luodcheng@ 163. com

Xl & (1973—) 55 TLIRBUHT N 2006 4F 3K -~ fir
PR R B ARSI, E RS T 19 A S S
P ZRRTER ST,

LIU Yan was born in Zhenjiang, Jiangsu Province,in 1973.
He received the Ph. D. degree in 2006. He is now an associate
professor and also the instructor of graduate students. His re-
search interests include navigation, guidance and control, com-
plex system modeling and simulation.

Email ;68169371 @ qq. com





