RS 2016,34(14)

4*:&
= . S

R — AL P 2 W oS3k g 5 a3

R, B, RBE S, BEHS,TES, R F

=
1. FR X FREAFE M T RFRE, LT 100084
2. FHRGEAFERRBARELE(F),LT 100084
3. A RFHAMNAFEHAKZ, LT 100084

RE TEMEAEBESTEMBHENESTESHENEZEFRRNEIK R FEE M EE KR 5 3hil 15 P 40 = 8] M 45 By
A 55 ETRL S , UL Sk 1T R A BRI S AR SEEL =5 8] ) 2% 5 3t Tl M 4% FE MM LA R R A — (R L B & i, A\ Z B £ IR

MIERBERGARKROZERNERENIEREEMHARTIRKERREZH DT, AN T Rt —E UM EHEREE AN
SR IREIREH . R SR EXRBRANARE AL RES, FHRH THM MR BB A RE.
KRR R — UM R REWN; AW ; B ; IR e e

RFZEAH, MBS MALRH LA
6 B AN ] 43, — 5K JC BT AN7E (7 25 B
WS R TIANE T ER) ToHiAs
5 Bh A 2R AR R ) AT A (3T
FECHE 5T ) ) R A 9 4% 22400 85 i
fid, IS AR R AGE M AT RS,
T ML 25 T e 25 115 T o A AR 3K
ko

OV 483845 B+ 22 J5 J7 1 18 9 165
B A R TG LI R AS T 4K B
b TET 5 21 P 4% DA TRT BRL 1 40 B 22 3 7 (1)
PSR 22 )2 1 B9 HLIBE I8 "R AR | RN
[) R AR 7] X 4% J2 BinasL (TP 380 ) B —
AR At 3 A5 A i T 452
RAER R EEH L IEE M Al .

bR, LD ARG R R A
Ii] ] 2 R i H o A S L FHBR T
IR 3% P GBS, ths e
W DEGEA L DEBHEIE . T
BERBIETE S . R EE TR T
A Hr2s % F2 192015 4F TR 7l R 4
AN, EiRalk S B 2t 5012
ETC, HEIBAE AR, E LD
VS5 BN W R AN P /R SR B 24

Ak, hid I TR - 5 R0 0 48 Rl it 7K
A RLEG ST R 1 T2 0,
R AR W B B oK SRR RO
521, 10 e R A A S R G T
TG M DA R G 55 B R —1Y
AR, RGEAREERHE T 55, i 42
BERLARE 55, 9028 S B0 S5 A5l L 55
LR S,

H T (] 9 28 7 7 5 30 L A S 3
$5 S5 5 T 5 b T O 25 HL A B 5 )
R, L Google . Facebook AR
] R 5 ) 5 Sk 2 20 RN O e 25 R
10 P SRRl i it A e, ADIA P B it
BRI E AR SS o i, A 2013
AEi , Google i M Google #AS BRITXII ,
Facebook #f i o AMLIRI ; 1M 195 BBk
23 F] OneWeb 11X 7E 2018 41 & 4f
680 i /NAI T3 SpaceX (H B 4
i e 1 R SRR A Rk
B SR B AR TR A s ]
10 DO BE A" . AT LA UL , 7 ] H
D] ) 4 25 8 — M B A i R b — (AR
D £ A, TE B T S A K

B T, K — AL 2% i

W AS B H1:2016-05-30; 15 =1 B H#7:2016-06-25

G2 — e S, 3l o) B R BRI A
O3B, IS E R S BRIE DL, R R
— AL 2% A R U R

R b — Ak I 265 2 L i T X 6% h
e N DRl | S SS TR iy N
i b R AE AR AS I, S R 2
BERERE GRS AE AR P TS S B A
5 BB ) R G

TR b — A A 1) 286 2 1) FH TG )
ARSI EL I ) AL S £ R4 L 253 (] )
2% T TSE 5 3 N I 28l 55 AR 3
FTH , SR O & AR AR LB 2
BB RS

R — A AR 0 2 AT & R ofe
AR SR B e v [ H R AR g T
RO BHEER R AR P E TR
B S ) IF A LRI 215 R AT Ko
—RAEAE B E R E R TR
WE . [RIE, 2016 449 & A 14 [ 58 8 A
WF BT PN 45 4 () 2 4 o o R 0
HER s BT H 2 — g5 < K —A{b
W28 15 B L 2 RBER R IEAE R 1Y
e A AT R N 4% T R I
Rt — AL 281 S HF BRI SE N 25

AT R B R SEAH R LI R(863 %)) B (2015AA015701) ; F 4 K 5 & ZAHHF4 X157 B (20131089339)
YEZ A FRK, SRR, PR T e A L&A 3 2% R — AR L R 2% &, F 15 43: lihewu@cernet.edu.cn
AR ER K, £, B, F. R — KM LT RIS A ()], FHF4R, 2016, 34(14): 95-106; doi: 10.3981/j.issn.1000-7857.2016.14.011

95 Im



RS 2016,34(14)

4*13\
| S

OLOGY BEVIEW

AR 23 (1] ] 2 B L Bp LI ZR 25
F RGBT TEBAR 55 A R R St A AT, 1
SR - U 290 SRl — 1A o 45 1) 1K
Bk L ZE R LA S iy AR 2 4
PSS @ NPV IR s <E i
FHRL A RITTE R B RIS 7 S

1 BENZERMRSES

Zid A2 kR, LR RS
B ERR , 2R E 4 Kk 51200 2
WER DA, A2 A2 RN &
g, I Rk e Y. DAR
GEAEAEIE Y 55 AT R Ay, N R T
S TR A K s — A Ak o £ 1
FERTE M U2 DL D RS RGN
A2 ]2
1.1 ESNIREBERGARHE

JeRUNTT=N L RN S i e N1
LROER R R T R R
[ S N B e e R A = T D
KERERAD T EWE Kk H L
e 2 1P A S R 3B B, AR
L) Inmarsat  Iridium \ TSAT &5 #8154 )
2N D ASEAE RGN, A A E S
TRERGME DI,
1.1.1 Inmarsat RRZ Ak EHE

Inmarsat 3 48 & & B e H 1Y 3T
A PGE N TR RS, R R A
AR, R L A R R R
FIPEAR”, ZEASE LT S0, e
RS 440, I HAEE TR iR i 2
SARS, Hll 5522 AT 43R 24N B Be o

1B, 1976—1997 4F, Inmarsat
2071 3R K JE AL 5 L s 2 4
o AR R A5 2818 L I i R aE
N2

5520 B, 1998—20094E 2 5 , 55 4
A Inmarsat F) & 50728 T A HL B3
£ NI | W € T Va5 2 N
I 1P AR K TE A B 55 o TR,
TEHOCH B 5 A T AL i (5 2%
3G AR, R 3GPP AR ife , S8R i ik
492 kb/s AR 98, SR 3G TE T AL
P AL S 5 DI RE
1.1.2 lridium BE K EH

B8 (Iridium) 2R 52 02 36 6 EE T2
$i2% F] (Motorola) T 1997 A= A

B 96

RS 2B N TR 3 (E R4 .
TG0 R 2L IR B B S L PR 2L, AH Y
T T e RS S LR R TR
TR T A ERAS AGEAE BB,
AR KSR BACE (L L — S R
N, MNRG K M RF , Iridium R
G R R R T 2 BB

M5 1B, 1997—2007 4E |, 5K B —
FRE R, REE K 66 WEAT & [k
TR TR, IR R rsE i
SR 1) 2 I, g G 1) R R P 4%
GBI E S RS

2B BE, 2007 4E 2 I B R AR
P TP RIS o Iridium AR
B T AR — U I IR 5, iR R TP
BARSR R E AR 55 . RIR, T
58 1 B — 38 5l 55 1) Tridium FR G0 4k
WHiZEMNRARS, T—-REK
(Iridium Next) [1] 22 I AE L5 & K&,
DR i m e S8 u
DU X b XL 25 22 Al 55
1.1.3 TSATRZXERE

2004 4, 35 E il T TSAT 1%,
TRIAE A 5 257 2Ll s 1T A9 Tnternet 94
£ U N N T8 e U I A S
Hoh— A, AT T Es RS
A5 1915 AR HER S B, A
A | M35 26 2R3 (5 fE /10, TSAT

Transportable TSNCITSOC
Operational
anageme!

st
o =}

External Information
Enterprises

TR R P 1) [ 284, e RS
W25 H 5 S TPv6 | AL 380 1 45 Bk
Do 7 AR 11 [) 2 T 10 A ek A ] g
a8, T N\ 36 A 1Y) A R A BB A%
(GIG) MRFCEAEAE 2 PRI 1 T3 5Ll
1 DX e A2 0 1  (RHN ) T i v 4 5
WAEREE, NE 1 PR,

TSAT HRIFT 5 T DL R B 24
RYMY S ()15 T M4, BR L%
PRI A 28 9 S DR R R AR (HH S i
5 e 230 H H S B4k K, Hankas
mi#s (IRIS) , AEHF R 40185
1.1.4 RE#EE

A A TR AR RS
AT, Mol 45 2578 L R DL R 4 M)
SRR T TR T IR T 24518 .

1) Z8 &2l 55 fam a5 2500k 55
A, I b 55 720 5 A 4 TR AR Y
S5 F

2) A ol 55 B SCHE R R A A %
T IPE AR L, B PR PR
R s ] 2% 2 SR fadis

3) SR FH B )% [ F l 2s [] X 4%
WA TR R Gk e s MR, [ 50
T TR Ry as TR 5 11T LT A5,
BB RUFRAC S [B] 28 1) 2 241k

4) A M Z5 e b, AF R AL
oA ™ i) R oA e o A T

GIG
Interface

Net-Centric
Warfare

E1 TSATRGTRE



RS 2016,34(14)

12 HEIEBERGERXERE

S 30 2R, P ECHA
TERLTI A 100 2, 1R A X
HOLIN AL GEAE R TR hak AL
FEN RS Horp FEAT S LA
4k TR IR R A Y 28 ) W 46 15 B &
ES T
121 BEIERS

1984 4E55— 15 [ F00F il 038 1
TR BRI, P2 30 4R & R,
E A EPE TR () #%) T2
BOH Ok 20 R, BEAE 5P E A -
KO AR AR5 DX, =2y v [
[ A TP IR S5, ok i X PN At el 5K
TR DX 18 FH P R 5

[ B, o E A L T R
WK S R T AR 8 T e A T
B, 24 EMIC A @0 E MR TR
2R R
122 Hh#%DEZRS

i o T ] AP AR AR 28 A 55
Hf B M 2% BB b gk TR RE,
FERE AL ST 3 W gk TR
TAFEZR b = R R b4k TR
ARG, ARG R SRS A E
B, it 3R, SEE T X I
BT RARAY 100% 7 55 . (HP D25
R, LR T A R s AR b G 4
15 BA5) TR 4323 ()45 B0 S5 i A2 4
Kz (a5 B (Heanig i EUR (S B 5%5)
ATHER o BEAR S b T 4208
123 SEMERE

AR E O 2 ST AR LR SR
) TERAR R B AEAE 55 RE ) FE (5 e
SRR E A A O 220,
FRBLELL R ILAN T

1) DREESERRS. BErhER
AR HEERE DA, mHEEE A
PR, 78 25 O Bl = L e ATt Ak S
B R 32, AN BEH A R 25
X 2Bk 5 B T K

2) RGEHBAERE55. S TE
RG4S HIBAR R, IR 17 RAL, RS0
PR HELLE R B RLE LR AR
IR

3) B EAMBEI AR, PEHR
A2 ALY D ESE (S R4S, H A

15 R AT R B B o
1.3 IEBEEMUERZEIR
1.3.1 CCSDSthEH

23 [0] W 45 bRtk 41 4 CCSDS ([ P
B R G E M0 5) T 19824 1
H 2Bk B R AL A AT,
I K N IE I T R4 23 (8]
AL i 72 5000 25 a5 D BRI E
3 Ty

PSR ZR X 2 B B 4% i 2
GAFTE ML IR B I Y s B A
e i B Ay NI 3 7 D 7 NI € e
MBS I SRR T AL, AR RS
RGN 2 7k . CCSDS i % 1 1.1k %)
PSR ZR Y AR, AR R 254 | R fi L
WGP BAREERZ %2 AL
JERNHZ . o B EAaEE T
AIHEZ A PR, B4 SCPS—FP (3L
ML) \SCPS-TP (& 4 ) .SCPS-NP
(M 258 ) L SCPS-SP (¢ 4= p i)
S

CCSDS & #4482 i it R ALK R 44

4*:&
= . S

R, JF HE & T 2RI 5%
%o fageit, MER R cesDs #il
AL RAT 55 A 6004~ IR, i
I i T G 4 ) i R TS TCP/TP
PRI HEZY L 2012 4F 9 H & A T TP
over CCSDS Space Links” 1E KA
#E (W5 K2 45) , 75 CCSDS 1% =5[] 5% % )=
PRI (AOS . TC . TM , Proximity—1) I 5L
B IP HSHlE o3 2 i A

CCSDS Hip AR 28 4775 (1 7] = 22
PRBRAE : Toik 5 b v ) 4 AR
BEHEAT DM A 5 A B SR RE
iR ER S ARE ) 22, S th SH
RE 7559 5 FF & (DR | 4E 47 2% AR XF
TCP/IP #5545 )5 1
1.3.2 DTN #hX#Ll

DTN (delay tolerant networking, i
IRZE R M) SR T 1998 4 3 5 [Hl %
ML 23 LK Ja) (NASA) W5 A HE 3 52 50 %
(jet propulsion lab, JPL) X 2 7 5K ]
(InterPlaNetary Internet, IPN) ) #F 5% .
B BRI P ELAT AN [ A e b T LR

Lossless Data Image Data
Compression Compression
Application
Application Layer Specific
SCPS-FP/FTP Protocols
CCSDS File
................. Delivery T TTE————————
Protocol
(CFDP)
SCPS-TP/FTP UDP
Transport Layer
| SCPS-SP || IPSec |
Space
Network Layer Packet SCPS-NP IP Version 4 IP Version 6
Protocol
Data Link Layer TM Space TC Space AOS Space Proximity-1
(Data Link Data Link Data Link Data Link (Data Link
Protocol Sublayer) Protocol Protocol Protocol Layer)
(Sync. and ™S Proximity-1
Channel Coding yne. and TC Sync, and (Coding and
Sublayer) Channel Coding Channel Coding Sync. Layer)
Proximity-1
Physical Layer RF and Modulation Systems (Physical
Layer)

B2 CCSDSf#&#FEFHRRIRE

97 IE



RS 2016,34(14)

| SOENCE & TECHNOLOGY BEVIEW

DO B R, R BLORBLTE < 3T 0 2 (R A%
FEAE T 245 K HASBRIFEAR K 4y
ZIAAEAE T R A4S 4 i e D DRI I
g e (R BRI 4 ) S50,
DTN & R Z5 NI 3 FIf7R , B 7RI
HEZMEHWZZE5IAT 14
Bundle 2 (B35 )2 ) , I8 2 i w44 5
T A T 2 R D 285 P ) B 2
[ A5! Bundle JZ 24 T 28 F R ¢
FITIRE , AT LAZEAS AR )2 sz 18] (Can
TCP/IP .CCSDS 45 ) $2 It T #E: .
NASA & i1 K28 DTN % R it-4il , ik
177 —Z 51 DTN IR 5K, 1y FH 45 4k 3
o VIR PRES R 25 (Al R gk S
AR . YRR T DINAE KA T
fiE 18 21 1 1) B35, %) DTN 45 AR 1Y H 3h 4%
it ML L PSR SRR
R R B R AT TIRRAEIE . X5

KW, DTN BEGS 1E #1217 K I SE A
TR DL EEEK L, LASGE T TR FR
SRR AN B E R L
1.3.3 TCP/IPthillfE &

IR TCP/IP 1A R 45K it
5 YA BT H bR R A Y
IR PO B I i AR i Y ARt
S TR R T BAE 28 S I R LB
AR R B T 19 28 3 45 2 (TP) 1 58
AU 14 4 DO 3 8, 2 LB ) K R
BER RO RZ 23 18] ) 25 2R FH s T
IR RR R 5, AR B AR AT LA
6 YT ] 0 245 188 -5t 1 1 ) A
AR S B g B S 1081, AR AL
1o BEAE BT K A 2 T T LA 2
RASRATS5 WY 255

2002 4F , NASA/GSFC 1 57. OMNI
(Operating Missions as Nodes on the

Internet) 551 5", AF 5 41 A 1 1 1 ) 4%
FORFRE B2 A 2%, S A2 T35
RS Ry bk AR v ) 45 DS, (i
FH P REAE2S [ AR T S A8 .
SLNTTREN QB NIVASEE 3 R 1w s 3
SR FH TP 7 AR 52 90 245 (1) 19X 6% 70 T ) 4%
Y ELIBE , If-2R FH TCP BRSSP i v FH
55 LT R i ) i B e 12 . LB
KRR 4 iR, R 43 )2 AR AT DL
PR BCR T BT |, Bl — LRk 2 1]
P2 [RIRE, FOVT25 - DRSO 4R SR
TP BT VRS X
ST HEF . BT, OMNIALSE WL T
MEEHIETE, i HE AT 1T — FR 55k 25 1]
% % (TDRSS i 14 11 b 1A B 2% ) %)
TR0 M RATHE 20 IE R T 7EAS )
et FH Hbu T TP BRI AT AT, Sk Ml T H
10 o4 [ 245 [ B AR P ARE TR AL

Source DTN Transfers Destination
Application ¢ ' 2 3?;@;%1&@%%%2&1‘&
o . 2.1 R
st [ fo [ Jo [ Jo [ lo ori mans
Trnspott | o Tce | o TCP | Tongport | | Mramspon K Hy— AL IOV Sl 55 Tk 5
Network P P P e | Newe ke %, W4 AT, S 2 B (A
Link : 3 ; ; : T LAV, W B TR R S £ 4
ohysicl — — = 7 1 W% 3 3K R AR I , 44 R4 R
Source Forwarding Forwarding Destination RIS AR PSSt 2 = it
Node Node Node Node A RS 1R R
' T e AR ELIGE ) B S £ ) 2 P
Lower-Layer Protocols Lower-Layer Protocols 26 55 18 38 75 22 Al 55 D ) =2
£, 2 55 AR BT L 55 A O
Key: =—] Persistent storage CT  Custody transfer capability B RS A TS R
ol {5 MR R G, i ZORR 2 SR
o DTN SRINREHS R A N st O T
[F1) P 2 A B 52 B P 7 ) O S
AR TR RGEA RS L L = 58
s/6/7 - — B2 DRSO , el M T O 2% HE AR
. E L 43 5 s [
PR, iy 4 52 2 24 LB R
® = Troustport R — PR R4 4 5 9 5548 T
3 - Network IRERIIE 5 T i S S BL IR I 2 1A R 45
P Y TE IR FR A5 ARESRTE 5 T H R0 2%
(25 2GR A3, TSI AR LG R 1Y
1 - Physical 2% W RE 15 IV E A RO Y P e 548

e, SRESCHFIZ AN TS BB RN T, %)
RIp— AL 25 R R AP ISt T
Pk

E 4 OMNIFE L ER



RS 2016,34(14)

21.2 HITRBEAREN

T DR A R A DA 25 2 TP TiML
SR 3 ek SR FH G 3 42 43 41 5 e 4
A SEAS AT Ak ORI R B 4
AR P26 52 FLA i BT B A T
R BENE [n) T e 45 Bl 15 X 4% 1
A, IR HE T 5 £ BRI B A
KK R, D GSM fY 4 H i 358 2]
UMTS 1 H, 5% 38 F0 43 20 35 3L 77, 15 5]
LTE M HCH B3R, 7T DL 2185 3hil (5
I 245 (1) L) TP BIM SR R EH L 55 Fifk 42
B LSS DA 20 A4 B HL i 5 4 11
KRS I 3hil 15 N 45 1 14 = 48
FC 214 4 IP ALY J7 0] & &, IEFE

T o) IR PO HEA TR BE R

PRI, E kg B P P B AR A e
PRIZE55, 1P PIMSUEE AR Rl — 1Ak
L NI%AS BIARSE R R I DL oA At
B o R b — A A TR 4% 1) % T A 2R
SR RIAIESE . [RIE, DI R A 3R
Sk B A A RO A8 CCSDS 1R R 2
F&FT DTN PS4 2 T[] 25 [ 19 2% 9 AF
FERAR  BUR A

& 5 it 7 g —F TCP/TP . CCSDS Al
DTN A5G I EUA R BORG] . 78
b 1A O 48 AT 0 43 R R 8 PN (AN
FH P S 158 £ S Zeuif e 2% ) A FH K
BTCPAP Prisl ke, - E T PR AR 5
il {5 M g HEA TRl A . CCSDS B AOS
SRR IR Z DR R 7S R SRR T,
Zeid Z R RAT 555 5, IR 4
ARUEAT 25 [A] N 24 S g5t A, o3 ek
IP over CCSDS $Z ARFEMLXS 1P (1) 3245 .
B T B sl sh A vk AR T

Z A A BRI TR 5 v v =22 ) i
BB R S A MR s A
DTN A,

P EL I ) A O B R B 8 A1 2
B ELARAS T T2 AT, R Ry 4k 2 1
FEHAR SRR R 5 78 A L 18 ) K
Ho—{RAE 25 TF ReFIE . il , HLIE
Oy IE AR AR 7E B L 22
W PE RIS R MR FE T R AL
AT ek, JUHUE b g ] %
FR  BEM A SUXT F i6 RGN
Y A AR PR TR , 36 G X
B R FE A o XN A2 B R AR N
S [0 5% o o 2 AL o) T R b — AR £ 0 5%
[ 28 DG 2L Sl Ao s EL IR I B £ )
SYIZFEIR RGN, ] LIRS Do 2%
DA P 3% F 4 A T R S R T ]
143 K FIEZ ], DT A4S S48 P 266 1] L)
BE XA s AT 1 B Bk,
It HAS % e H AL 2 A 5200 5 5 ]
i, TR ) A A R Hb— (A Ak o 45 BF 5 ]
% R A5 B 22 B RIS BIL] , DASEER
Hh— AL 25 5 F BRI
22 EMLH
221 MFEMES

TRl — A A 90 25 f 25 i) 35 o 1%
MR E L WS NE S GET
FOrRZ B Ao i Himsh&iza s, &
R RE S RS R] . T
s e A B AT T el [E] R R £ ]
HECTE S A A WS, a5
T 5 IR DAL I S (R 6 M
T 55,25 22 2 U LA R 245 I T 4 25 1)
A 245 35 A8 2 TR b — A Ak I 4% X 1Y

iy K 1 7% 1) 59 4%
. I ¥ - »
Mg EhgE Hh i AL T A R TR R
5 e —
on = mx on
yeenme s resoe | SR Saer | Ve = TeRoe
t3 - - = - L T ower rg.. .-:. I'TF- » -
=0 [3=13 oo | | oo
mac mac | mac mac | sDLc HOoLC e::.u egauzl e}:o-? ‘ 025‘ = =
PHY PHY PHY PHY RF F RF RF RF ‘ had PHY ‘ Y
] I L ] l | I | [ | -
XT3
b v ELIE 73 1) [ 2%

E5 Rith— &R EhiEREZBRH

HE R

i 1T X2 A IS AE G [ L R
K, 25 B8 SAR Z 2R FH N AR
fhask 23 ()i B R, A5 R L — 1A £k Y
28 (AN [V BGHR 53 70 IR 28 Mg 1
D 28 BB A5 5 T 25 5 HL K. AR 25 ]
DR 26 (AT B 15 A% (0 PR o R A T4 ) AR
AT L3 1 T 56 11 3l R M BB
D =T AHIE T A T 28 HL IR 4 %5 ]
o 285 11 1 5 Bl A K 23 5 kb T B3R
M =T R . I, 25 (B 2%
b TET P9 26 AH 22 18] 114 3% 12 07 =X DA K
TP B A XS5 44 , o X6) DRl — £
LRI B AN A ORI
Al
222 EZITEERAFRENL

PLTSAT %5 AR 514, %
BT R ) ) 24 o) 245 A e R Sk R
Hh— AL 25 1 & S et (Rl Hh
F4) L1575 R A1 e v sl 45 4 RS 43R FH
AR AR 3, A U AE T AT
[T (e N S 2 8 S N1 o N TR A A
JE T A R R b — A Ak I 45 2 I 45 )
(00 22 % o

R — 1A Ak 4 I 245 4 L an 141 6
PR o SR v, 2 ] Do 2% A
5 H L DR A R F T,
A1 5% P13 AR b3 321 0, DA S R 4%
KR BRI ZS (] RATAR S &
2 B 22 s TR AP 5 R T o 4% = 22
45 b T I R B Bl A R 2 )
T4 FH P2 A i 1 R —
AT 48 B 3% 8K 28 (B X 45 b T
I B B A R T B L R
LIS

GEO L T A 20 hig 2 [A] o 28 K 3
FF W, BEAEE T A BRI R OB
MR 55 o ORI 31 IR FH A Do e %
o FOIE B I S B A (R AL, AR 100
Gh/s TR EAE 2, Hae 28 W] W 28541
MU EANRE ST, RIS, M DG 3T
S B X 45 B 32 T I 4[] T 4% 3
TR FE 52, S as s R SR
AR R TEA RN L [RIA aad ik
S22 I GRER L — R A I 2% T 3445
S Dl b T D R 14 i P £ G A3 ]
PR 28 B s, LA B e s 1) X 2 sl A 1

99 Im



B 5 2016,34(14)

6 Rith— LML A ML

JIt ] B SR (14 b T ) 245 s o 7 , S
2 (W) DO 24 T E 356 0 % 0 301 49 £
EE;%EED

3 XBREATMREHR

RI— R P25 % B 2]
S AR AN 2 S B A FLIR )
o Sl {5 190 125 8] 190 28 2 [ J K 3t
— A 0 255 1) by B LR AR S, A
SR — AL 25 15 B AL B
A LI B AR AR
3.1 Rih—FUMESHERBEEAR

23 [0 28 F M S AR AL, 25 )1
T APfif A S BHIR O AN A
LA R FRE M2 EOR, AR
SR RIS, Xof e e Al ST A
PRI A T FE R BREN , AL 2500
8 14 s T M ELHEA I P
A AT RE R TR 2 At S LA (]
NI LB P AN

()i, Pl s ) 1o 25 2 22 (Bk
(TG LR (7 MERSE 2 W EROE IS
23 [A) 2% 25 ), 5 A T 0 245 ) 3 4 56 R

I 100

(I AERI A BGEE ) B B e e M DL &
FERRE S 25 SR, TLEE R 432 s h 4
g ek ) S5 Fh B 5 ML) o K b — 1A fk
W24 28 G H B, a0 R I P
432 E 3R R GEJEN, 7] L 544 )
25 Y A B e AT R TR RS R A B
V) 14 30t S IV | DTG {68 75 S A Do 45 T
DUEF XA I 28 1 R 1T & T T i R 3
2, I HOR 2 At o 45 5
3.1.1  FEIMLLEE B iYL

20 {22 90 44X, 2 [R) T AL I 45 4%
A&k B EE R A KL R
(IRIDIUM) 2 A R i by 50 1k 32 22 0
T [ S o o 138 1 2 ) 45 kb
LR RE , Y B S B R E M, A
S F 32 B AT I A JE
PEIE SR , R A B AN R G B
FNI B AS T , R R b R A
B ZEH st B ) M—
AR TN T B EE K R 5
SRR o3 T/ INFI R TRL R, — AT
P BE I8 R DANAR | 36 Fh A
[ 5 I FF IR s 58 2) B — ARG

?1994-2016 China Academic Journal Electronic Publishing House. All rights reserved.

SIS ARG ARG B bR (ki
{5 i SE A /N | i 32 i %) i D) 8 A
AN R FASRMRAR 5 7, B8R BT A B
B 7 N B B g 42 . HoHp, Chang
L2 R A FRARZS AL (FSA) X LA &
G adtps St TR R a0 n] T R
TR RS BIFRFPCR B SR )E 3
FiET R RER, SC DA f
BRI ;BRI A L A ) B2 [ o 1 B
PRI B P 5 B e, A 38 20 i K A
PR, Werner %50 SR LML BR800
BB 2R UKL, i R PR I S SRS ]
K

HEA 21 28, B 25 Hh T B A
A5 (R Z RDLY 55 2 e | W 5 2 [m) il
B, FE 25 B 28 R FH TP Ph L2 3135 i
KVE o AT R A [ M i sh
PE, FIFHIR . H Ak fo 7 B A5 B (i 35
R B L A L N (O AR D5
HEAT 3 G e CREADLTS 1 )™, B R IX
B 4 R B E R AT R L H
bk 07 B AR B, RARSE AR Bt
B IR £ s ) B Rl ) TLE T
R ARG BRI BB B T R T
T AR TR R AR i B
Wiz sh i), s Ui R G0 R IRI 4 55
T HE N TR B4 T
B e —Bsf 1] R P ELAT ME— ) 23 (R
PR, TEARSEE @R Gy B i TR
A7 B BRI, SR 2 ) B 28 e S DU 41 7
BBkl L K o I R M BCR A Ay
FTE= N 3t R Ly N A 1B
B PR T LI R 2R AT PR, — %
S 1 BRAR AR AR . Ak, —
SO 5 A 2 () 50 2 2 AL) b 1T Y
5 (1) 5 B ML, TR T R A R DR 11
1P PP, HL S P e PF RSB AL | R
B I A FE A I QoS AF H
B,

AR, R 22 )2 L P 7 23 ) )
T | RPN e P SE LSS |
434 LEO/MEO/GEO™ . LEO/MEO™“ £l
LEO/GEO™*, % 2B 92 1y & 22 AR
S DB A E) R 2 TA (GEO,
MEO) i 37 H 35 X WK )2 T &2
(MEO ., LEO) ()% B, 4035 W 45 {5 .11
Wtk Bt 5 BT B AR

http://www.cnki.net



#5#2016,34(14)

R OZEI TR NI S TR TR
A3 (2L OSPF By X3 , FJ2
BB T AT R R 2) W2 T A
SR B A5 B A T i AR, OF
PR T R BUNZ DA, R, FHC
HOHIF 5% 8 R 12 W 48 25 4 T 8 1 AH 5%
AT ] QoS! 1 8k ¥ iy 9 46 % ph B H
FREUBIFTY o %07 58 B ZE B, B
ARMERE =, D B AR B0 IR

UL EBFFERT LU Y 25 ] 28 11
1% H BIF 5 8  [o TED ) P R K e,
TZIZTDERGCH AR, R
23 (8] I F AT R ik, (IR
BT S % R AL, AHOC
% DA 56 IE BRI B A 2,
B B RS RHIE . BEAh, A
PRI 9% 3 il DR 2 [B) A 3 5 0 e
[, 3 HOREIF 0 G R — A R R
48 (FRAS {YARER) | /D 18 ) R L — 144k
W) 2 25 [ REE R A DR H il G 1) 2
% A
3.1.2 GITEBREAREINL

25 [A] 28 i 5 5 2, AU
ALHE J s BB T — Bk T2
S TS b TR 24 S BRI 246 J2 1 o4
fll o M X2 7 S T A PR B P T
BEAMRETI R, MEHFNE TR
S [FIT R H 22, Bt R DE K o
0 25 () P 268 3 i Y 1) (Ui e R =8
&), B PR RAARR IO =,
£ =) Broeatal Yl i L R A = A
B R BT, K — R I R i
FE SR S P s ] X 4% R ot T IR 265 1) 10
ERG ELIEFIE R 1) Bk
b T 7 3R G e AR 3825 ) X286, X6 U
2 PR 23 [B) 0 26 385 B it 5 2) B 1R 1
THT PO 265 RS A ) % P 2 %o 22 [ )
P % 73 [8) B0 28578 Ak 1 B Fh X AR X AR
) b THT DO 266 % P 2R A AH B bt o ander
B B b ] # EH RS BILTRR  5E
ME

Rl — A Ak I 246 % £ 1 28 R
WE 7 R, Hofr, K — AR %7 8]
P 24 SR A 4540, 25 ) e o TL AR
R T L SIS 1 TR RS
AL B DERGAE N — S AR
B, ST AT B RIS S 5 e

35y
Bﬂ HISW
. dlo Lac B

7 Rip—EU S MEAHE TR

3% e A2 1] FR I, i — 1R
IR A I R 2% S R R L A
RACHI TR AT 25 [1] 1) 24 5 e T TR 265 1) o 15
FGh G o M AT XIZ8 AFh $ VR [, 38
(] 3% 4% 5C F HEALE 28, W] R HH BGP P
BB FUA B TLHE A A 50
PRTEIER R] 22 42 R R 8 CEL R
3.2 Xith— WM& EEEEA

2% JELASL TR J2 I DO 5 AR B oy 11 G
R g )t 2 i e 7 AR AR ) R A
TR, B AT AT J2 45 g FH A s )
Ui PR W] SE A AR R S5, g 245 Fh
UIRemy e BE e T 5L A

A HG o T X 45, TR i HLA
A HE | SRt AEXTFR K B A WS
KR AR TCP PMSOIF A X A iR A A
PEE LA, 75— R B[] 1] b P 4 i
T 75 AR R 1 [ o o
T FRYEA — K, i AR S I A
RS AEXTFRAEE BREE T TAERCR
KFs

?1994-2016 China Academic Journal Electronic Publishing House. All rights reserved.

38, TCP BAE i EE ST A B 4 55
LB A & A B Sh g LR -, T
R B It ) Bh AS T 22 2% 5 300 Fh
FFARN A D ER L, e T BUTCP
(R AL i — BRI T RGAT 58
321 HEMRARZEEENHIIRER

AR

Bl 1AL AR H AR & R, B
[ b b v AL 2H 20 (TETF) JF 4 56 7 TCP
e 53 (8] 9 28 v (9 g 5 44 , T 1997
7 A AT TCP Over Satellite (tepsat)
TAE4L, 78 TAE4LH % 1) RFC2488 br
W FEUCR 512 ) ) S g |
PR A% PR R B2 T P 1 2 s
BLAHI X — Bl ok & R Ry
RFC6582 #1 4 11 NewReno 4 % 4 ] 44
o TETCPIET I, fEBCRHE 1Y
K SACK FF T, X LEHLH| B CCSDS
T 1999 4F e 91 K A , 7E 2006 4F T 1)
Bt Xt 233 i) 190 28 A AL B DI SCPS-TP Hh

101

http://www.cnki.net



RS 2016,34(14)

| SOENCE & TECHNOLOGY BEVIEW

PR AT, SCPS-TP EZFH Tk $E &
SE A TA B9 SNACK 8 500 AR Sk F 4 2t
WAk AEPHAERERIPLE] L, SCPS-TP [H]
B} 52 #F Vegas fll NewReno ] 2 ¥ il
Bl

SR, NewReno DA} Vegas ] FE4%
I o B A v e R AR XS BRI TR
P TAERCRIFAS &, B SE N AR
IETF DL K& CCSDS AR G b S A 1,
R R R LRI LA . 4
B Hb T EER A g A e R 2% TG
LRI T I E SRR, A BT X A
P2 J7 T YRR A T — R Ak
BTG Ho BRI E R O
SRA B RARRERT T8 AP i
) Al 4 e 28 1A IR, B
£ TCP Hybla®', TCP cubic*, TCP
peach™  TCP peach+""'Fl1 P-XCP"*"'4% ;
FF X iR RS MO 22010 F 2
S PR 2 8 ) PR S SR A K DX 34 2
FR A Y Z AL, HAKAT pepsal ™,
TCP PETRA™. westwood™, P— XCP,
TCP(Network Coded TCP)P"4E ;£ %f4E
X BRI I k7 58 32 AR T IR 50
AR IR 1 5 A T T
Fifldl , A& AL % SCPS-TP  ACC (Ack
Congestion Control )4

H T S B TR AR G Al A AR X
8w, AW T B2 ECR AT 2Ty
FHATINUE , BEE K Hh— A Ak 255
1) A DT - TR A DG X 0 9 TF P55 17
W, &I T R A RBEA it —
Pl

55 [RI N , 72X 25 (8] P 28 Bl 85
PEJ7 1T, 1998 4F- 5 [ [ 5 A 25 it K Js)
(NASA) Mt < 4 f 9 3 % (Jet
Propulsion Lab, JPL) %} 2 Fr . 1 ®
(InterPlaNetary internet, IPN) AT 5% Hh
T 9E R 5 2 X 2% (Delay tolerant
networking, DTN) . IRTF T 2002 ik
7L T DTNRG #F 58 /AL i %€ 1 A 4%
DTN A& & 45445 Bundle®Wpi . LTP 3
WAEN B Z 1 HHOC IR MFRHE . 2010
AR, CCSDS L & Al T — ZR 5 Bt % 3l
AW 2 0 265 1Y AH AR T , 75 H DTN AH
KW I g5 3 T DTN 9 = 22 1]
st AgE T B PRZ 8] LR LA

B 102

55 b ) Sh A WAL 4 -

B 3T AR SR AR T R 4L R AL
I 42 A IR S5 9 S, 10 ) 285 AR e T
HERMPRA RS MR EE, e
RV R Ao B AR
T LA 45 A B T TCP BfE S =k,
F5A7 3L F DTN W% 4 7 =X, anfer s 38
TCP FI DTN W & = 2 il 5 i i w15
fif ik
322 XitithE % W& — KL EH

A

R — AR AR IR 28 45 S T BRI
245 ) P 248 55 22 SR I 245, R AR b Ay iy
SR T 2R TR AR, T2
FEL AN RG24 1) i R R A I
AT 88 T IRt — R £ I 45 ity 1) it £ B
(AR 2 B IS AR RE ST o

R b Py ) 22 9 2 — A Ak A i 1)
2z — S Lm0 22 I 45 12 A B
T Z BRI KA . E, AE b T
4 Z AR IT RATHIAH A 5T © B I
7% f£ 5 o IETF F 2009 4F W 37 T
MPTCP T{E4L, B 7538 it 47 & TCP P
WUAE AN AR 7 2 APT ORGS0 #F
Z AT R AL, B ATE 2l TR
MPTCP A& 2 4544 \MPTCP 1k &4 ZE 45
il 1 MPTCP R JHJZ APLIZ . Z k42
FEH A RIS, 2 [ SE AL ) A7
B R 43 L ) A AT R e A R ) A
I o BEXEEL T R, AL FE DAPS®,
MPTCP-TSCP"4 | 32 %1 2 7 I B 1) 2%
JEENIAETTE], EEXTH 58 TR A T ),
FE DB & AT I 1Ak,
AR B 8 i3 45 B R A i, LR A4
LIA®, MPCubic™. Coordinated TCP
Westwood® | Delay Based MPTCP""
FIl eXplicitMultiPath (XMP) congestion
control 45 . F1 X FE B PR BN, 2
SRR R 2 m] DA ] B 2 A 225K
ML RE ST, SRS Sl B P AL i 1 i
S Pk v, BAR AL mSCTPY
MPTCP-MA"HIHE T [F] i OCHK 21~ AP
IRV R IE

SR, PR Z2 A At i) £ 20
Y s AT SR i e M T 2% . R b — {1
AR 45 Ay 28 st it 4 7 i 80 o 22 B AR AT
AL T A AR BE Kb —1k

LA I I B SR TT , Z ARG
AL T R 45 0 IR e T
B M SRR Bl M A5 T A e L
— I AE Rl — PR AR I 2% v R AT 42 4 F
B R, S 0] 45 T R 245 2 S
PSS IE MPTCP B TAEA S
A, LABCA 1 ZE 45 1 R 491, MPTCP
BN A I ZE I HL ] £ 2L T
NewReno, K It NewReno 4s B 7 45 1] [
YR AFAE ) IR) BB MPTCP YRR SR FETE ,
B it ) 0 A5 i B A SR AH DGR 5
BT BCA P e A AL
3.3 XKih—EUMELREFTEHA

K —RAE 25 7 [ 442 4 B
VESEAEHEL R 7047 8y S it A 4l )
BAEEWHEEEN, WEdoeE E A&
K A5 B AL R A B i G R 2
— I, T RERE R XER A R
TR U 1) PR 245 22 4 Sy U Z50R T
BRI 22 4 B AP il ofe O B K — A Ak
W 2% FR) 1E 381 T o
331 FEMHS

Ki— A kM T H S 2A 1
LER AR GEAE T SR B S
Z RS R S K — R 2% 7
B4 [ 18 A2 BN [R] TR R) J2
I 24

1) A8 Rt Oh i DL K 5
B AR A AR L

TE R Hl— A Ak 0 285 114 5 [ X 265 X
e Wb O 245 BB S Al AR R i R
Al 82> 32 B HAT SR AL s bk
A 17 S A BT B Bl Pl ol L
LYt 5 23 [R] I 3 245 TR) R b T o) 6% 5§
J& AR A4S IR, 45 S sl
TSR R A5 TR 3 48, 1
R A P P sk E
AP SIS Kb — R 2,
5B A A R 4 R U, I i
SR . TN LG B M
B A BL] B R HRAAR T B A
etk WTHEAMERING I 5
S DA K SR 22 T0 b R R R
Hh— B IZE St b, nl B WIPE R 2 4
WNELFER

R T SEIR L — R AL 5 AN [
B2 2 [A] 4 AVGIE , PRUEF& g5



RS 2016,34(14)

()2 4 | T B4 PP BT A H AR 4
T RN LG Ok P, SRmifE
G5 110 5 1 PR S T K — 1Ak
Mg R R TR Bk s B g
B, 25 5 HH 3038 5 PHL2E PR S R
1 BT S I T S e P ST o |
I RTEM SR AR 2 ), T i
R, AT A B R AP R 2
FE UL 4y H s N R b A R

2) 2 A4S BT AL i R AR 1
Ao

TR — R AL I 46 5 2R ) 23 B35
T, 2 T) X 45 5 b T R £ G 3 R 2
5 22 SR TR 245 38, 2 1] 1 266 1) %
A5 1 v 2% 4 AR P 2Z 04T
R AL AR DR TR P AR
A P Fh AR E R A T A2 BRI A
el BN T Z B RS S
Yo U T REE , B T BR e
R IR

N T T A R R — 1Ak
Do) 4% 22 4 i R DML, M GBI 5 T A
HfE I T TPSec B LAY B HE 22 4= 15 i
T 3 AR K e AN [R) A5 B W 1
B A AL AR R AR A ) T, R
T8 A AL B SR s DR e B AR e 4
LRIt R P RE RS, PR 4R
PEREZ 1] TR A B
3.32 FITEBEAREIN

FET LS B 5 8 R B
YRGB I | A R AR LR (RIS
ST , B T R b— AR AL 45 Sk
AT TG I S ELRENL , 2351 LA sk
ELSME R IR By ELSEE A H R N
AL IR AR H N T B, B IR R
GV A R R s — (AR I 46 22 4 (1 i At
IR

1) 222 H AR LS TE
FES B RS R AR

FF SAVIR R ¥ sk 5 SRy mr
{EAET AR R TP T80 , s
e SCENIRI , 38 5 A X AR T (F AT 46
ERF, LA E H ik & 75 Dh i , M 5K
PRAT A s 5 2 E TPv6 YR Mk (3 1
HATRHIT

THAN R R M — A Ak R 2%, 2%

Uit FH P M HEAE A O S, S B
FERZE 5 A5 I H RS 7T REXE L
(7l 2 45 [l 50, R PR b — R A P 2%
B Tl TS Mtk 5 AT AR A RSB G
A IBATIPRES A TR AT, il i 2k
PN A5 B o i L B SR E 3R iERfl s
T B B AR AN R ph A _E IR A
LRI Dy ACLL e 218 Pl Y5 b ik Py 41
3C, DASiR bR 22 s ph AR X AR B ety SR Y
R B ) A 5 2% R 2 1] 0 265 44 K L
R AL 1 RO 25 3 M AR E Al LA
FeHNBTRE 2 HE VT 1 H AR AT T
(E& &), AR ATT R LAY
SR 5 ZR0E 3o 47 o T o AT
F S A B T R AR . kI
SRR S AL AN 8 I 7R o

2) SIS T 20 SR By
ERTGIB WA o

Pt — b R — AL I 25 L T
Hotik 2 4% 77 3 ANIEL 9 o, SRR
OIBIIEARL, W] LA B Ak A )
TS T2 A Y, DR Z AL
DM AR SR ZE R K7y AR R R
LA ZIRUASE , AT BEX SR 55 i
(4 B 0y SR o 2 57 S RERS IR AHN EE

SCENCE & TECHNOL0GY KENIE

TR B A O i T, 7 ik B A
VAR PR B RIS T, 3o Xt ik S fige 52 2K
SR BT 5 R

3) K A o0 2% LS AR BIE
HoAR,

B SERE BRA BAAE— (5R
SR — ) BA i R AR N B A2 A
A AR SS fh CFf nT DUE R AU el
SR A5 SR | R ARIA AT I 55 F (L RE
ol P RS0 e i 2 4 5 A 2% 1Y)
2R R AR AT I 55 A (kA T AT
AR TS B . F B H S 5 g5
P9 8 B SIS i AR AT S € 82
FUT AR YIS F H W ol 52 e KK
38 3 05 K B TR 25 R i A BB Sk R 2
o7 , A A L% PO 24 A AR Y B P
M P U RS A RN 5 B, S I
TRRACT RAT AR o ISR B AL
WP AR T IR, R
A ME ARG 1 28577 s CRE I 25 (1]
AR P Ao I 0 Y ) AT BT
li AR A T A (4R Hh R 2 LS iR AR I
RS AA) AR , B S Sk P 2 P 96 U
GERA R AR S RO e K o

8 R —fak W £ i ik B U IGHE SR 2R

K — A LRI
(1 bits) e

HEER

N BRFH$
@‘4 (64 bits) —

NE

(64-n bits)

EH

(64 bits)

B9 XRith—A ML 455K

103



RS 2016,34(14)

#E -
4 £

P T2 (1] 19X 46 7 7 5 v [l RS B
$ NS5y T 55 b TAT o9 25 EL A Wi ik 11
HNIEFR AR 3 SR I AR S
PR A5 [0] 0 45 5 1 1 19X 4 7 MU IR 2R )2
AT ) — MR Ab Rl Ay | DT ) 37 5 4
Bk R b — A R 45, AR R 45 4 AR
A A PR M S AR
FE o, 5 o kA E R g D)
Ao

R — AR AL 4 19 & St A e A
S IR A s [ A X
S FH R I 1, ) e 45 g , 388 3 55— K14 I
2R R S5, SR R 4% 1Y A Ak
LSS

T B K b — 1A £k 0 4% 1) R R 4544
FIZE 25 BRI X A, 405 2 v R S
oL, H T R N

1) FoH—A b 2% 5 P sUiA 28R
FHAY 2 RS54 , 3T 1P AR S2 8 = K

2% 2 B, S BeE b2 I 25 B
OURNEE R RS i U] R

2) RHb— Ak P00 25 1) IO 2 2 g >R
FH R 0 3t ™ PO 2, 2 1] 9] 4 DU R
XA BIA5H , i s A RSB
e IR e W E YN B u s LT TR
0 S B s i) oA 455l T R4 4 ) LR
.

IIHT R M — A PO 285 £ B £ i 2
Sy 2 A 42 i S S BB R O BT
S B K S AT BN -

D) BEoAR . K — R4
PE LA ESS WK i ] ]
5N PIST 1 I 4% 28 G M A5 8] I 26 1 2
JER LRSS TUR R GE, T4 AT
(1 2% ZRGEVE ST FIR IR, SEBE A 3
MhSr A HE T SRS AR 7 e i
AN IR R P BRSO3 e
Y P 35816 Sy P 2805 B 22 4 W] E 1Y
HIEK,

%3301 (References)

2) IR EOR o AR TR [ K
2 It B2 1 i 38 i P B R S 5 D5 v, B
A WEFEIE I 25 G fifp R s 5] o) 24 25 ol
PR AL P SCRA RS 7 T . e
R bipIe] 22 o0 28— A AL i AR D5 i
AT BTN AT RS EIN B 5T
737 A 18] W 4 5 M T I 248 1 22 e 1
A P 2605 5L DA R S 1
FrE A S ] , LASK 325 ) [ 24 5
HTHT 25 (DL EL AN FLAR o

3) HAEREA . Ki— ARk
2 BA IS I SR GBS B A
FEEE DS TR (AR — 1A
[ e ot £ NI 7 o 71 N 7
55T 2 3 BN R ThT AN TR Z U 2
R ASCET bR B3 Sy
N AT S IB W] | A e B A S
PEGRAEAERT T, 25t T K — Al
PO 2% S AR 4 B =8 1) LS PR PRAIEAIL A )
PIE S0

[1] Satellite Industry Association. State of the satellite industry report{ EB/OL]. [2016-03-02]. http://www.sia.org/wpcontent/uploads/2013/06/2013_SSIR_Final.

pdf.

[2] Iridium. Iridium NEXT: The bold future of satellite communications [EB/OL]. [2016-03-02]. https://www.iridium.com/network/iridiumnext.

[3] FIARAR . UL LA PATR SN LR 5 E]. TFAT=R, 2008, 29(2): 391-396.
Tan Shusen. Development and thought of compass navigation satellite system[J]. Journal of Astronautics, 2008, 29(2): 391-396.

[4] Wikimedia Foundation Inc. OneWeb satellite constellation| EB/OL]. [2016—-03—-02]. https://en.wikipedia.org/wiki/OneWeb_satellite_constellation.

[5] Wikimedia Foundation Inc. SpaceX satellite development facility[EB/OL]. [2016—03-02]. https://en.wikipedia.org/wiki/SpaceX_satellite_development_

facility#Internet_communication_satellite_characteristics.
[6] "PIEIFAL 2. PRI EEAR KA M. bt UM H A, 2015.
China Computer Federation. China Computer science and technology development report{M]. Beijing: China Machine Press, 2015.
[7] 542 RAER Sl (5 25 M]. dbat: ER5 Tlkdihikt, 2011.

Zhang Jun. Space—Based Mobile communication network|M]. Beijing: National Defence Industry Press, 2011.

[8] Wang Junlin, Liu Chunsheng. development and application of INMARSAT satellite communication system[C]//2011 First International Conference on

Instrumentation, Measurement, Computer, Communication and Control. Beijing, China: IEEE, 2011: 619-621.
[9] Liebrecht P, Schier J, Bhasin K B, et al. NASA’s integrated space communications architecture[C]. AIAA SpaceOps, Huntsville, Alabama, April 25-30,

2010.

[10] Florio M A, Fisher S J, Mittal S, et al. Internet routing in space: prospects and challenges of the IRIS JCTD[C]. IEEE Military Communications

Conference. Orlando, USA, October 29-31, 2007.

[11] M. vh A b gk T R G0 B AR )], R4 TR, 2013(1): 1-6.
Wang Jiasheng. China data relay satellite system and its application prospect[J]. Spacecraft Engineering, 2013(1): 1-6.

[12] CCSDS. CCSDS130.0.G.2 Overview of space communications protocols[S]. Washington, DC: The Consultative Committee for Space Data Systems, 2007.

[13] CCSDS. CCSDS702.1-R-2IP Over CCSDS space links, Draft recommendation for space data system practices. Issue 2[S]. Washington, DC: The Consultative

Committee for Space Data Systems, 2007.

[14] Fall K. A delay—tolerant network architecture for challenged internets|C]//Proceedings of the 2003 Conference on Applications, Technologies Architectures
and Protocols for Computer Communications. New York : ACM, 2003: 27-34.
[15] Warthman F. Delay—tolerant networks(DTNs): A tutorial EB/OL]. [2016-03-02]. http://www.dtnrg.org/wiki/Docs.

[16] Ivancic W, Eddy W M, Stewart D, et al. Experience with delay—tolerant networking from orbit[J]. International Journal of Satellite Communications and

Networking, 2010(28): 335-351.

[17] Davis F A, Marquart J K, Menke G. Benefits of delay tolerant networking for earth science|[C]//Proceeding of 2012 IEEE Aerospace Conference. New

B 104



F 54 2016,34(14) A

SCIENCE & TECHNOL0GY KEVIES

York: IEEE, 2012: 6-11. .

[18] Clark D. The design philosophy of the DARPA internet protocols[J]. ACM SIGCOMM Computer Communication Review, 1988, 18(4): 106-114.

[19] Hogie K, Criscuolo E, Parise R. Using standard internet protocols and applications in space[J]. Computer Networks, 2005, 47(5): 603-650.

[20] Israel D, Parise R, Hogie K, et al. Demonstration of internet technologies for space communication|[C]. SpaceOps 2002 Conference, Houston, Texas,
October 10-19, 2002.

[21] Sterling D E, Hatlelid J E. The IRIDIUM system—a revolutionary satellite communications system developed with innovative applications of technology
[C}/Military Communications Conference, 1991. New York: IEEE, 1991: 436-440.

[22] Ananasso F, Priscoli F D. Satellite systems for personal communication networks[J]. Wireless Networks, 1998, 4(2): 155-165.

[23] Chang H S, Kim B W, Lee C G, et al. Topological design and routing for low—earth orbit satellite networks[C]//Global Telecommunications Conference,
1995. New York: IEEE, 1995, 1: 529-535.

[24] Gounder V V, Prakash R, Abu—Amara H. Routing in LEO-based satellite networks[C]//Wireless Communications and Systems, 2000. New York: IEEE,
2000: 221-226.

[25] Werner M. A dynamic routing concept for ATM- based satellite personal communication networks[J]. IEEE Journal on Selected Areas in
Communications, 1997, 15(8): 1636—-1648.

[26] Chang H S, Kim B W, Lee C G, et al. FSA-based link assignment and routing in low—earth orbit satellite networks[J]. IEEE Transactions on Vehicular
Technology, 1998, 47(3): 1037-1048.

[27] Henderson T R, Katz R H. On distributed, geographic—based packet routing for LEO satellite networks[C]//Global Telecommunications Conference,
2000. New York: IEEE, 2000, 2: 1119-1123.

[28] Hashimoto Y, Sarikaya B. Design of IP—based routing in a LEO satellite network[C]//Proceedings of Third International Workshop on Satellite—Based
Information Services. New York: ACM, 1998: 81-88.

[29] Ekici E, Akyildiz I F, Bender M D. A distributed routing algorithm for datagram traffic in LEO satellite networks|J]. IEEE/ACM Transactions on
Networking, 2001, 9(2): 137-147.

[30] Ekici E, Akyildiz I F, Bender M D. Datagram routing algorithm for LEO satellite networks[C]//INFOCOM 2000. Nineteenth Annual Joint Conference of
the IEEE Computer and Communications Societies. New York: IEEE, 2000, 2: 500-508.

[31] Mauger R, Rosenberg C. Qos guarantees for multimedia services on a TDMA-based satellite network[J]. IEEE Communications Magazine, 1997, 35(7):
56-65.

[32] Svigelj A, Mohorcic M, Kandus G, et al. Routing in ISL networks considering empirical IP traffic[J]. IEEE Journal on Selected Areas in Communications,
2004, 22(2): 261-272.

[33] Mohorcic M, Svigelj A, Kandus G, et al. Performance evaluation of adaptive routing algorithms in packet—switched intersatellite link networks|J].
International Journal of Satellite Communications, 2002, 20(2): 97-120.

[34] Mohorcic M, Werner M, Svigelj A, et al. Adaptive routing for packet-oriented intersatellite link networks: Performance in various traffic scenarios|J].
IEEE Transactions on Wireless Communications, 2002, 1(4): 808-818.

[35] Taleb T, Mashimo D, Jamalipour A, et al. Explicit load balancing technique for NGEO satellite IP networks with on—board processing capabilities|J].
IEEE/ACM Transactions on Networking, 2009, 17(1): 281-293.

[36] Ergetin O, Krishnamurthy S, Dao S, et al. Provision of guaranteed services in broadband LEO satellite networks[J]. Computer Networks, 2002, 39(1): 61—

77.
[37] Chen C. A QoS-based routing algorithm in multimedia satellite networks[C]//Vehicular Technology Conference, 2003. New York: IEEE, 2003, 4: 2703-
2707.

[38] Akyildiz I F, Ekici E, Bender M D. MLSR: a novel routing algorithm for multilayered satellite IP networks[J]. IEEE/ACM Transactions on Networking,
2002, 10(3): 411-424.

[39] Lee J, Kang S. Satellite over satellite (SOS) network: A novel architecture for satellite network|C]//INFOCOM 2000. New York: IEEE, 2000, 1: 315-321.

[40] Bayhan S, Giir G, Alagoz F. VolP performance in multi-layered satellite IP networks with on—board processing capability[C]//Computer Networks, 2006
International Symposium on. New York: IEEE, 2006: 197-202.

[41] Bayhan S, Giir G, Alagoz F. VolP performance in multi-layered satellite IP networks with on—board processing capability[C]//Computer Networks, 2006
International Symposium on. New York: IEEE, 2006: 197-202.

[42] Nishiyama H, Kudoh D, Kato N, et al. Load balancing and QoS provisioning based on congestion prediction for GEO/LEO hybrid satellite networks|J].
Proceedings of the IEEE, 2011, 99(11): 1998-2007.

[43] Nishiyama H, Kudoh D, Kato N, et al. Load balancing and QoS provisioning based on congestion prediction for GEO/LEO hybrid satellite networks|J].
Proceedings of the IEEE, 2011, 99(11): 1998-2007.

[44] Caini C, Firrincieli R. TCP Hybla: a TCP enhancement for heterogeneous networks|J]. International Journal of Satellite Communications and Networking,
2004, 22(5): 547-566.

[45] Ha S, Rhee I, Xu L. CUBIC: A new TCP-friendly high—-speed TCP variant[J]. ACM SIGOPS Operating Systems Review, 2008, 42(5): 64-74.

[46] Akyildiz I F, Morabito G, Palazzo S. TCP-Peach: a new congestion control scheme for satellite IP networks[J]. IEEE/ACM Transactions on Networking,
2001, 9(3): 307-321.

[47] Akyildiz I F, Zhang X, Fang J. TCP-Peach+: Enhancement of TCP-Peach for satellite IP networks[J]. Communications Letters, IEEE, 2002, 6(7): 303—
305.

[48] Zhou K, Yeung K L, Li V O K. P-XCP: A transport layer protocol for satellite IP networks|[C]//Global Telecommunications Conference, 2004 1EEE.
Dallas,Texas USA: IEEE, 2004, 5: 2707-2711.

[49] Caini C, Firrincieli R, Lacamera D. PEPsal: A performance enhancing proxy for TCP satellite connections[J]. IEEE Aerospace and Electronic Systems

105 I



A B 5 2016,34(14)

| SOENCE & TECHNOLOGY BEVIEW

Magazine, 2007, 22(8): 7-16.

[50] Marchese M, Rossi M, Morabito G. PETRA: Performance enhancing transport architecture for satellite communications[J]. Selected Areas in Communications,
IEEE Journal on, 2004, 22(2): 320-332.

[51] Mascolo S, Casetti C, Gerla M, et al. TCP westwood: Bandwidth estimation for enhanced transport over wireless links[C]//Proceedings of the 7th Annual
International Conference on Mobile Computing and Networking. Rome, Italy: ACM, 2001: 287-297.

[52] Cloud J, Leith D, Medard M. Network coded TCP (CTCP) performance over satellite networks[C]. International Conference on Advances in Satellite and
Space Communications, SPACOMM, Nice, France, February 23-27, 2014.

[53] Balakrishnan H, Padmanabhan V N, Katz R H. The effects of asymmetry on TCP performance[]]. Mobile Networks and Applications, 1999, 4(3): 219~
241.

|54] Cerf Vinton. Delay—tolerant networking architecture[R]. RFC4838. Fremont, California: IETF, 2007.

[55] Scott K L, Burleigh S. Bundle protocol specification[R]. RFC5050. Fremont, California: IETF, 2007.

[56] Consultative Committee for Space Data Systems. Rationale, scenarios, and requirements for DTN in space[R]. CCSDS734.0-G-1. Washington, DC:
Consultative Committee for Space Data Systems, 2010.

[57] Kuhn N, Lochin E, Mifdaoui A, et al. Daps: Intelligent delay—aware packet scheduling for multipath transport[C]// Communications, 2014 IEEE
International Conference on. Sydney, Australia: IEEE, 2014: 1222-1227.

[58] Park S Y, Joo C, Park Y, et al. Impact of traffic splitting on the delay performance of mptcp[C]//Communications, 2014 IEEE International Conference
on. Sydney, Australia: IEEE, 2014: 1204-1209.

[59] Raiciu C, Handley M, Wischik D. Coupled congestion control for multipath transport protocols[R]. RFC6356. Fremont, California: IETF, 2011.

[60] Le T A, Hong C S, Lee S. MPCubic: An extended cubic TCP for multiple paths over high bandwidth—delay networks[C]//ICT Convergence (ICTC), 2011
International Conference on. Seoul, Korea: IEEE, 2011: 34-39.

[61] Le T A, Hong C S, Huh E N. Coordinated TCP Westwood congestion control for multiple paths over wireless networks|C]/Information Networking
(ICOIN), 2012 International Conference on. New York: IEEE, 2012: 92-96.

[62] Cao Y, Xu M, Fu X. Delay—based congestion control for multipath TCP[C]//Network Protocols, 2012 20 th IEEE International Conference on. Austin,
TX, USA : IEEE, 2012: 1-10.

[63] Cao Y, Xu M, Fu X, et al. Explicit multipath congestion control for data center networks[C]//Proceedings of the Ninth ACM Conference on Emerging
Networking Experiments and Technologies. Santa Barbara, California: ACM, 2013: 73-84.

[64] Koh S J, Chang M J, Lee M. mSCTP for soft handover in transport layer|J]. IEEE Communications Letters, 2004, 8(3): 189-191.

[65] Lim Y, Chen Y C, Nahum E M, et al. Cross—layer path management in multi- path transport protocol for mobile devices[C]/ INFOCOM, 2014
Proceedings IEEE. Toronto, Canada: IEEE, 2014: 1815-1823.

[66] Croitoru A, Niculescu D, Raiciu C. Towards WiFi mobility without fast handover[C]//12th USENIX Symposium on Networked Systems Design and
Implementation. Oakland, CA, USA: USENIX, 2015: 219-234.

[67] Z54E, JugEdE, AT, . SR — AL L P E AR AT REERT GBI, 2014, 9(6): 592-597.
Li Hua, Fan Xinxin, Mi Jianning, et al. Analysis of security technologies in integrated space—air—ground networks[J]. Journal of China Institute of
Electronics, 2014, 9(6): 592-597.

[68] 2. 25 [A) W26 42 4 R ARIFSE[D]. K vb: FEBRRER AR KA, 2010.
Peng Changyan. Research on key security technologies in space networks[D]. Changsha: National University of Defense Technology, 2010.

[69] Consultative Committee for Space Data Systems. CCSDS713.5-B~-1 Space communications protocol specification—security protocol[S]. Washington, DC:
CCSDS, 1999.

Progress and tendency of space and earth integrated network
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Abstract The space network is a great complement to the ground network in terms of coverage and mobile access, and applications of
Internet, mobile communication network and space network are gradually integrating with each other. Building a space and earth integrated
network with global coverage by using the same network architecture is becoming more and more popular. This is not only a technological
trend but also the core of the competition among Internet giants. In this paper, we analyze and conclude the development trend and
research progress on space network structure and protocol architecture, with the satellite communication system as its representative.
Furthermore, the research challenges and development trends of space and earth integrated network including network architecture, routing,
end to end transmission, security and so on are discussed. In the end, we give further research directions and network design suggestions.

Keywords space and earth integrated network; network architecture; network structure; routing; end to end transmission; security control
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