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Abstract Aiming at the problem that the models of file delivery time for Licklider Transmission Pro-
tocol (LTP) established in simplified scenarios can’t be directly applied to complex scenarios, a theoreti-
cal model of file delivery time for LTP in complex deep space networks is proposed. Previous research
has focused mainly on establishment of a data transmission model for LTP in simplified scenarios with
one to two hops or multihop scenarios with a custody mechanism of the Bundle Protocol (BP). However,
the research results are not applicable to communications in complex deep space networks without the
custody mechanism of BP that is more suitable for deep space communications with LTP. Firstly, the

transmission mechanism of LTP in complex deep space networks is analyzed. Then, the theoretical mod-
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el of file delivery time for LTP in complex deep space networks is established based on the analysis of

the transmission mechanism before. Finally, a simulation verification platform is built to analyze the cor-

rectness and advantages of the model. The results show that the calculated results of the model are in

good agreement with the experimental results, and the model proposed is more suitable for complex deep

space networks than the models based on simplified scenarios.

Key words

0 5%

W& RS PRI H 45 268, P TIs SRINATE 5%
[z (8] CATER R HE AT RE | SR E A5 R 55 Lk iR A A
ARG o EIR /rh K25 2L W 2% ( Delay /Disruption
Tolerant Network, DTN ) H F R fif e 7 2 £ fie
T I  BE AR AR | L R BT S | i 5% v DRI 35 R 28 S8
[ R0, 1 T s 3 5 0 4% 0 S B S R e
1998 4, 35 E i< e iE 525 % (Jet Propulsion Labo-
ratory, JPL) R T #E 17 & Br B B ¥ ( InterPlaNe-
tary Internet, IPN) [JBIF5E, 4 i 1 SEIR 25 20 W 25 1)
HEZL . 2004 4F40), 3 5] [ By w5 S AF 531 30 &) ( De-
fense Advanced Research Projects Agency, DARPA)
& B2 2 R 2% A, S AR A L A il A
AR /B S 2 M4 DTN,

Sy T ERAEATEE | R R A 18] A5 B AL IR 55
BEE DTN A&, —2EHHCH) DTN PRt A4k 3%
H . H # LTP( Licklider Transmission Protocol,
Licklider /&40 S 5% HA B A ARk 18 HAF
FE T 5 B SR T, 15 IRl . X
T LTP, B — L6525 K RIS o8 i o STk [4,5)
S BB RT— Bk Mk (S R SL T LTP B SCRE
i F [v) BRASASTRL I HHEA T T30 E . SCH (6] XF— ik
WAE T AR P WS 00 T 19 LTP AL R bl 247 1
P51, #37#EF BP(Bundle Protocol) /LTP Hp
WAL AR HE A ] A PSR SCRk (7] FH S /R ]
RE R T RA H LTP block 76—k _E AL H ik a]
AR AL PR FP TSR, IR0 IR 1 A DL
i, LA PR RZ A — BBk L5 T,
X RZS T AE M 25 1 LTP AL R AL s 24T 2047, X FEY
R GIRTEAFTEZ A Ak s S 2437 5 T T g J
AIEM . SCHR [8] BUEXTE 22 & N Y LTP X%
I AE AT T SR B g, T Y2 bun-
dle SRS T BEHRE 4L . Bundle Proto-

Complex deep space networks, LTP, Delivery delay, Theoretical model

col Version 7 #LE, WAL T 2 WM HA 1] 58 19 (64
BLEL, W) BP B ORAEHLHIDCH], BP 20 AT L5 54T
ROk SE R Ik, SRR (8] BriiF5¢ i &
ki 77 AR LA LTP A% iy sl i TR 25 38 45 IR AN
i o

BEXS LA B IR, A SCAERE T DTN (1953 % R %5 8
fHZ M5, 4347 LTP 78 bundle P45 SCHPIRES F £
BB A AL, T B 2R A AR 45 1) LTP 1%
1B I AEEASEARY , SRy oA SR TR A IO 45 A B HR A% i Pk RE
DL AL

1 LTP &5t o Hr

LTP %0 i AR T CCSDS(Consulta-
tive Committee for Space Data Systems) 3 1f-4% i
P (CCSDS File Transfer Protocol, CFDP), &k
B B IR LWL % 45 0 09 I 8 T e i A% i )2
P, HREA] LLs AT 7 H P 8 s ik r (User Data-
gram Protocol, UDP)Z |-, 7] H #1147 F CCS-
DS W8 B B2 h i 2 o LTP LR G 78 LTP
block H1 YL LR 554 B X 43, B AL AT 4§ Ko A W 4 iy
TREm B, 21 685 B RIZ BB R H P S AL s
2, G BE B F % BER A R PR T it

LTP 7 — kI 098 4 i ol f2 vl DLk K ik
LA B TEAIEBTBE, Akt block &k
PATT, WO El Rl £ segment, [] 43 0 & 25 BOd .
block 1 A fig £ & 41 4% P Fl segment, £1 4 seg-
ment EHFHEELR (A segment Z R FESE— 40
segment [ 77 £ EORP( End of Red Part) fil CP
(Check Point) #ril, FKI/RLL A segment T & 3% 58 5
FF A R 204, segment [HHINE B, TEHR )5 —
4~ segment [#37H EOP(End of Part)bri, Fm—
A~ block H Y T A B (AU FRLT 2 P Al segment ) K 3%
SEEE, UL R IE A . TEE AR B, YA I



1022

ZH AT CP 1 segment B, KA 11 © 2 #2 U 2 1Y
block H1 /¥ segment, #R J5 [1] & i% ¥ & % RS(Report
Segment ) , 5 1 & 2% ¥ A WP LE segment A B
MRk RS J5, 4 & % RA(Report Ac-
knowledgment), %A J5 & 2k B8 - B e — 1>
segment [ ARiR CP. & DL I 5 A% B Bt (415 fi 1k
i, H 3 4504 segment 15 K i T . RS Al
CP Y1 TR J AL AL, 5 B e A AT A i 31 %)
it AR 4 [T, U] 25 A A Hi A%

LA g3 7 — Bk a7 g5t R block HYEHE
fER L R o SR A S PR IR 253l A v, o T B A
i, Wi 5 H A 2 6] AT RS 2 2 rh gk, BN AE

— block
X Lost Segment

Sender

block 1
block 2

block 3 —#

block 4 ¥ |
W

blOCk 5 Tdcluv 1

CP2
Resend

—= (P Segment
#® Time when a block is fully received

Chin. J. Space Sci. =WAFFFIR 2022, 42(5)

B ARAS S — Bk B A mT LA SE B, 1T I A E Y
Uity A B o [R] B T Hh 4k A B T — AN AR AR
5t LTP 7E & % — > SCEut, nTgE & 0 il 2 4>
block #A71& i, HAE LTP #a] LLE A H )8 24> ses-
sion, —4* session f&#Hii—~ block, M7E 2 BkE i 14 i
8 20805 Y h, A& B 21> block 20U SCERRT,
HALh R NG, 1AM THERER R T
LTP &4 .

WE 1R, —AH 5 4> block ZH R SO R
Ui AL B H A, LD 1L B St EAKIRGER
/NEE 1~5 4 block, 2 T FRiR I, ¥ H4w 50 1~5.
T RA B9 &5 AN RA 12451 51 1Y &4 AR

<=~ Report Segment (RS)

Receiver

A A

'
Tl'«mncr 1

Tite multihop

Hop 1

K1 EIEsSif{EMg LTP PR Gt i

Fig. 1

Detailed transmission process of LTP in a complex deep space network
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