DEri=

= 21-46-12-03 The Journal of Korean Institute of Communications and Information Sciences *21-12 Vol.46 No.12
https://doi.org/10.7840/kics.2021.46.12.2134

L3 A3 ZANA 5 B4 vES IR
FL o= LTP ZZ2EF F3
-+ 4 3

An Implementation of LTP Protocol Opening a Gate to Space
Communication Network from Space Packet Communication

Cheol Hea Koo'

2 <

19579 Amle] AFEVZ 155 HEE SFE WA olF ARE T ATAE 942 Wt o A
A S S AR RS DAL DA 0 P SR A, B P 2715 S
sh AN A B4 WAl AgEle] Sk AT BAlS] A% B4l At AT-skz Als) ol
o 7k 5 2 2 R S oL A etk 497k el et 54 A9 Sl 29
A sle] FRALAND /168 TR @ A B4l MmAl2) ) EE e, &
© FsguEda 2R Eas] oy B4 2EEE LTP HEE T APAE 2 of2] ojolE
oo P B MEAD 7% 9ol T} BF AR A8 MEN W 57 A mEEE L T P
4| 7lofsart ek

AN
=2
=
o

Key Words : Licklider Transmission Protocol, Convergence Layer, Space Packet Protocol, Delay Tolerant
Networking, Communication Relay, Deep Space, Consultative Committee for Space Data
Systems, space exploration, bundle protocol

ABSTRACT

Since the Soviet Union launched the first Earth’s satellite, Sputnik I, in 1957, numerous satellites have launched
at the Earth orbit. Human being has reached outer space beyond Earth, Moon, Mars, and even the outer solar system
by sending orbiters, landers, and rovers. Direct communication between spacecraft and ground stations have dominated
as a primary way to talk to space until communication distance was not severely challenged and global cooperation
of space exploration between nations and space agencies was not frequently requested. Now, the solar system
internetworking era has opened for coping with the challenges in deep space exploration by adapting the
delay-/disruption-tolerant networking (DTN) technology. This paper presents the result of the implementation of
Licklider Transmission Protocol (LTP) as a key protocol preparation of the DTN protocol software suite. Using the
LTP in space packet communication provides a suitable solution to remedy disruptions from the harsh space
communication environment. As space communication network evolves, this research may contribute as one of the
major prerequisites during the construction of the delay-tolerant network in deep space as space assets needs to

interconnect to the solar system internetwork in the future.
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Fig. 1. Layer of DTN protocol in space communication.

3l
uj2br] A AR8-Alell= LTP over Spacelink, LTP over
TCP/IP, LTP over UDP/IP B3] 5o & $-8%En] |
A A8 el = d2H o2 UDP/IP AellA] A3
HEE FAE I el 954l s H Q] RF
Q5 ¥|%3te] Proximity-1 39} #lo]#] FEAl
A3z AHo] 7lsslch AR 20139 wAlE &
e} #A%=A LADEE(Lunar Atmosphere and Dust

Environment Explorer, "|=- NASA ARC)®] LLCD
(Lunar Laser Communication Demonstration) 4541
HAAE olgste] A= e

LTP 33> RFC-5326 2 CCSDS 734.1¢] 7]
o] gick LTPE A)e Ack Azl <& A%
(retransmission)®l] 7|9Fs}ar Qlel= ZollA] TCP/IP
Z2egd AR dd sAdRe] 2"
(in-order delivery)S A|3}A| = AHollA= vl=r)
S AeAoR wx] gk el gl ARSS &
Hzlo] sbAgl dlole] FA1E RS e &4
2o A A werh

LTP 3&F 714> 2 552 Z2EF A= 38t
QA AFAIRE W T2 A olEkA] oo L] o
o] =&} z=Kimplementation discretion)el] the}A]
=8 Wle] zfelrt i &= ok vl 1e} AP 8o
4] o= I8l LTP %5 /W EWECE x86 &
A} 718k 2l A AAE Adsielet. 19 2¢ll=
LTP <lx19] 7 =35 viehsich RE wbAl oz A
H dolHe AZES] AL 2] 2(Software
Defined Radio, SDR) A& &34 A<=t} LTP
Zx EES LSI(link service input)2} LSO(link
service output) X EF Fal|4 <|F-e} A& =W
Axy Aol xdi= UDP $4lS AR,

olefjell= LTP 73] d4l#el Hat & F8 34l
Ax Ak 71k

4 H

Control

a4

SDR

010010011\
———o

LTP
segmentation @

switch

o 2|

a3 2. LTP A =4 e
Fig. 2. Conceptual diagram of LTP engine model.
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Table 1. Summary of Implementation Environment.
Item Contents

Development Vmware Workstation Pro 16.x
Environment Guest OS : Ubuntu 16.04 x64 LTS
Language C
Compile cmake
Thread Posix pthread, Mutex, Condition
programming library
Socket . plain linux socket library
programming
Unit test self-defined test procedure
cor.nmand self-defined test script
script
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RS (Report Segment)

DS, RAS (Report Acknowledgement Segment)

LTP node B operation

2. F8 BE I PAE
ble 2. Functlon list of major module.

Item

Contents

SDR
Management

sdrElt_list_alloc()
sdrElt_list_dealloc()
sdrElt_list_clear()
sdrElt_list_move()
sdrElt_list_first_obj()
sdrElt_list_last_obj()
sdrElt_list_next_obj()
sdrElt_list_prev_obj()
sdrElt_list_putdata()
sdrElt_list_putdataOffset()
sdrElt_list_getdata()
sdrElt_list_getDataLen()
sdrElt_list_setDatalen()
sdrElt_list_getBufPtr()
sdrElt_list_pool_length()
sdrElt_list_segment_size()
sdrObj_create()
sdrObj_destroy()
sdrObj_elt_add()
sdrObj_elt_remove()

LTP
Administration

system_initialize()
system_finalize()
Itpadmin_initialize()
Itpadmin_finalize()
Itpadmin_connection_establish()
Itpadmin_connection_terminate()
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Itp_isCancelSeg()

Itp_isCancelAckSeg()
Itp_analysisSegmentFrame()
Itp_generateSegmentFrame()

LTP &= A18-2 7} APIol| gt w9 A& (unit
test) 2 @%] 9] olwlEo| gl 3} A3 (load

test), 22|32 Alv2] 2 7|uke] E3F A]¥(integration
testyel eaA] sl sick

T&E LTP A A52] vlie 13 63 22 =)
AE i].7:]_0. :rL/Hg]_oq .]_zsn?g]_oﬂr,]_ ,\u_:r_ Eoﬂ/xl— lq_ol
318 vic player(Ubuntuol|4] sudo apt install vic® A
A)ollx] ~E=H3laL o]& LTP £4102 QlAuko}
#E A5t vie playerolld Z#|o|sle] HAabdo
T4l 71se] sRteheAl Eelsielch

AlE A= a3y 7o Hdvh HAE Rt 2A
LTP node 22} node 3% AAd3lsict 23 7 #= (a)
ollA]:= LTP node 29} 3& 27 2713k ~E2]"
A4 vic playerol|A] "HEo1%1 %Oﬂ/‘} E?—ﬂ‘)] o
Zdlo] sinkE FH[3kAcE 17 7 95 (b)olAl= vie
34 Edlo]o] Aol ﬂ(vlc -Idummy -
VvV file:////home/xxx/Vldeos/SV_ 1lmb.mp4 —sout
*#std {access=udp,mux=ts,dst= 0.0.0.0:2114}* =3
AH2) Hlo]E]S LTP node 27} pAlste] 13 69] A
3 FAxe} o] LTP B4 AdS o]83)l] LTP
node 3o esjele). o] 4l Eok AEel) 4
22 dlo]e]E LTP node 37} vt} ZHo] %14 vic
playerol] AE3}e] of lx=7bel] &3t g Fdo]
(vlc -vvv udp://@localhost: 61000 83 ARy7} 7}
T HelFomH Aspdow LTP §Al Aol
Ao SAFE ST 29 7 )2 Erl
Aol LTP A4 217} =AHe,

e
2114 3113 61000
vic — I — vilc
Player Itp node Itp node Player
2 3
source |2 [ 218 Pl sink

a2l 6. LTP £33 A3 A%
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Fig. 7. Test result of LTP engine function.

A5 Fsl] SEALAT wlEE T 9)om tests
teEele] 2 wEe] s A% W a7 A9
(regression test) 2 $13F H|~E A} 2 =55 A
F3haL glek o] AFEL 71EA o BPY Ve
Aldsb7] f13t Aoz LTP AlSske vlxEstr] $
g Ax= E318lar 9lA] ek sFA|RE LTP Al zzwlH]
ol dole] H£4A1 A¥S $1g  ltpdrivere}
Itpcounterghe =75 AlE3tar g17] wiitel] o] &
55 ARESkaL 71 HIRE (RS 3Este] LTP &
A AIRE 918 S Ak

] ION tests T]HEZ] o Itp-retransmission
Zt]E EABSIe] ltp-interoperability 52 ©]EOo%
AAsta W3 A1§ A~=3Ee  bpdriver(bundle
sending test utility)2} bpcounter(bundle receiving
test utility) & ZEFSh=  HE-S  ltpdriver(LTP
segmentation sending test utility)$} Itpcounter(LTP

segmentation receiving test utility)S F3Pst==
Akedtt ltp-retransmission E|~EE DTN node 29}

DTN node 3 A}e]ell ltp retransmission 7|52 A&
37| $13F A 22, bpdrivere} bpcounterE- ltpdriver<}

2140

Itp node
source | 3

vic player [ - : Itp node
sink [~ 2

(b) Test results

Itpcounter 2 73} DTN node 29} DTN node 3
Alole Itp A% 7155 AlFE 5 ut ltpdriver2}
ltpcounter T3 A& F2v|el= ION 7]E 4]
(JPL D-48259)% ztarsje] =3 7]g)slsich

B oAFol|A] g LTPolY] T34 AL 93]
A= 109 Itp =Rt Fgsko @ 9] AdA]eA LTP
node 3¢l tig 75 F-E5t @¢7]32 LTP node 2]
g a2 ARAIskd Tk

4 A1EE 384+ ION LTP node 32
ltpdriverS T-E3l=2 Al vz 4 AE
71%% A¥sk7] ¢98i4E ION LTP node 32
Itpcounter & T~&3L=% AR A3 = wHAls)
= LTP =7t EgHS olo|ojAk=(wireshark) & =
slet & BAsle] LTP 158l U= Falo] =35

V. LTP &2 U H™

oA AESE S5 54 vlEslaE A3l 98

www.dbpia.co.kr



=5 )

A 5 TA UEARS] & o= LTP Z2EF 74

A A lEldIe] TCPIP 2 e} o] 4124
Sl Al B4l sto] shuslolo} gie). olelqt 7]
%2 QAR tsA] IETF(Internet Engineering
Task Force, A ¢lEjdl %E3} 7]-H2} CCSDSE
133 7] 258 Aol ] el W2 s
Ao] mpz LTPolct 13 8ellA] Hojx|&= nie} 3lo]
LTP= <o xx=9p aa—g— wdsle  CGR
(Contact Graph Routing) W& 298 <IxS LJS}
o] DIN k=% ?‘éﬁ&t}. e A2 ASS
BSS(Bundle Streaming Service), CFDP(CCSDS File
Delivery Protocol), AMS(Asynchronous Message

Service), AMP(Asynchronous Management Protocol)
o] 8 AZ3} QIEjso] Fe). LTPS] e of
sle $FAATREREPRS Hadhes Zeoldh
SPPE AN 7)) §h7) whiel vle] 1A
7t A% Al¥(contact plan)= A 71 A=A
dlelel g 418 4= Qe AR (path) & AFI3lo] Hle]
BlE SR ek B4 mEe) B 5 gl
R s 1 95k ul% AAle] Lol Bt
sfeiehe AAE welt WA o A= gl
T e FRa] Sla ATl
R EZ(CFDP)°| met=e] AMg-F gl 2000w
Al =129 (Lunar Reconnaissance Orbiter, ©]=t-
NASA LRO)el|4] AH8%l o]&f] vI= NASA -7+ &

Application

BSS, CFDP, AMS, AMP

L]
[ 1

Opportu

| CGR | nistic

Bundle Routing Engine
>
x
Completed // \\l
Bundle l\ \ / /I

‘ Bundle Data Recorder

Incompleted | ( w
(transceiving)
Bundle | Convergence Layer

T

SO0

J2 8. DIN Al i A< 7
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Al ol ] AR A glcf Yl CFDP Z2EF
2 njAlgA Ag 2= Class-1 9Jr A=A A
4 » 9l Class-2, 183 A 7%
-47} 9l=H| Class-2 2=+ 7 =7t CFDPRF AR
2 v HL=3, DTN ==9] ofZejAlolxde] shiz
A & Class-1 220 ALSEE Ao g A2]F
3tk DTN 7] EAskE[HA FA|7]5(Store and
Forward, S&F)S A]43}= Class-3 2 4 X = AMY
A+ 2] FA|(deprecated) = AT

LTP A=A FA1 vwbAlS- SPP 7|4k —,—,im ] re
7F ALsHA B AgAgls 7 £ 7)1
3}3}le] CFDP Class-28 AMH831A] @i A1=)4
) Aol 7hssich A=A A A9 LT
= % AlSe] FEh| wtolch de® AR
°‘i AAsh= A DL‘rﬂsPl wfstell SPP+LTP &
A 5 s AR 3
=) 2hed 7S] B8sk] We A %
Al SAleA LTP A2 84l 7155 ARS8 A
A 75414 DIN 7155 AM38ke 73 548
°o]5% g = stk

zér,HzJ L = iTL/\-lo] 2424 rd—z]—go] r;]ﬁ—,] zh:HzJ
FE FAo] X3k VB A AR tE= A
o|x olu] HE 28 2A]o] a3 ) ulehA
A $F54 2ol x= SPP+LTP F3to] %
2] @Ato] & < gl Aps AAE 71l wehA W
E%?‘lf— HRlo] | 4:3}=]7] wistel] - (goodput) A

ol 7Wxd=ick

HE F 35o] BPv6ollA BPvIo2 7=
3L 9037, ¥R LTPvle] Az Ege] F2lE Aol T+
F3l71el A3k deolzld LTPv2= 3l=dlle] &
A= F52 5 U=E A4 B A el
Ay 7§Ae] =2] Folck LTP $A1> AP 354l
oA 754 VIES IR F18dsl] f17 da x|
2h= 2le7h sick A= o= = 19 E 5 7]
oJoﬂ/z_] A]—\:]— H B 7]€ 7HH]—0] x]zJE]_L ﬂé\;i}ﬂoi
9)7] ufZoll DTN 7]& %53} A o4 BP 2 LTP
2 eZo| A6 gt FF JAs Bosd 2E
o] WhAlsly 9ir) 5 I r|&y Fre) IAIA
L FEN Uz AKS F83)r] YA FHelA
% LTP ¥ ohJe} W& = _ﬁi 2 28] 7|l
gk 4 2 EeR s el 5EE] IS 7%
oo} & Ao AzEc)

o) N

)

oL
x

g
s

oo m

Eoi

Kl

2141

www.dbpia.co.kr



The Journal of Korean Institute of Communications and Information Sciences "21-12 Vol.46 No.12

V.2 B
new space A|thE Zoldle] A% ¢4 o7
ohve} &, M-S X7 AT wAMA Sl N
FoE A S AL oEHr] o] ule} Ay
A 5841 7kl AHAp 584 vE =R WA
des 7MJE]U:I o]of whz} =1 9541 vl

ES = 7)&S 785ty Aed A4S B4 o1 7P
A& Halala 7)e g A S el 027
7WA] WAAA ool & Zlojck

B =olxe b g E Ja ZREZ &
AZo 2 AHgEE LTP T2 eFS A4 73
e FE3 T o] 2 F83le] X‘jr,Hzé S=Ea)
s vlEY = FA el 838t A& 5 <l
e} 7 uleks 1;1—5]_&1;],

LTP Z2EZ2 SPP Aolla] AlzjAd B4l 7
efear ffi*;l’ﬂcd ks Algsie, o]# o=
DTN ZREZ9| ¢ | =i} vE
= FAlo] B Qs 241:].]24 ‘?——ri’ﬂ ol_‘f_o]]x-]b
AAA- 7 CFDP Class-2 =2 tAE 4= glem
$=Follx] CFDP Class-1 %= djXle]| FTP(File
Transfer Protocol)d} 722 t241Ql Lz Eo]E A}
S3te e hestelel ARl

5 5 AP oS @493k DIN 76S
3 A e et Fddt e HlolE F44l, SNS,
olwlel, 3RAk3|0] B2o] Au|2v) A dE 4= 9)S Ao
Z 71d= 2 9ok 2 LTP 4 7]%3 A o=
&4l ZellA] SPP w5 ARGl wls) w2 o]3S 7t
A5l B4l Blasrt vl Al & 9
=20, & 1 A3} Aol A5 FAl Sl 28
2 5 9)e Ao A=)

2t A% WER ZREZ Y Y ey
224 5 FHE8VENT] Zeeg At &
& 7Fsd Zlo® 7]l

P

fob N2 ruﬁ mﬁ

rlr

EA] Z2~glo

References

[1]  wikipedia, https://en.wikipedia.org/wiki/Origin
_of_language

[2] CCSDS, Packet
Recommendation for Space Data System
Standards,” CCSDS 133.0-B-1, Blue Book,
Tech. Rep., 2003.

[3] W. Zhang, G. Yang, F. Jiang, K. Zhao, J.
Wang, W. Li, and Z. Cheng, “Licklider

“Space Protocol -

2142

(4]

(5]

(6]

(7]

(8]

(91

[10]

(11]

[12]

[13]

transmission protocol for GEO-relayed space
internetworking,” Wirel. Netw., vol. 25, no. 7,
pp- 3747-3757, 2019.

J. B. Schoolcraft, S. C. Burleigh, R. M. Jones,
E. J. Wyatt, and J. L. Torgerson, “The deep
impact network  experiments,  concept,
motivation and results,”
2010 Conf, 2010.
CCSDS, “Solar System Internetwork (SSI)
Architecture,” CCSDS 730.1-G-1, Green Book,
Info. Rep., 2014.

K. Scott and S. C. Burleigh, “RFC 5050:
Bundle Protocol Specification,” IRTF DTN
Research Group, 2007. [Online] Available:
https://tools.ietf.org/html/rfc5050

M. Ramadas, S. C. Burleigh, and S. Farrell,
“RFC 5326, Licklider Transmission Protocol
Specification,” IRTF DTN Research Group,
2008. [Online] Available: https://tools.ietf.org/
html/rfc5326

A. P. da Silva, S. Burleigh, and K. Obraczka,
Delay and Disruption Tolerant Networks:

Interplanetary and Earth-Bound-Architecture,

in Proc. SpaceOps

Protocols, and Applications, CRC Press, pp.
213-215, Jul. 2018.

CCSDS, “Licklider Transmission Protocol
(LTP) for CCSDS,” CCDS 734.1-B-1, Blue
Book, Tech. Rep., 2015.

D. Israel and D. Cornwell, “LLCD-Disruption
Tolerant Networking Demonstrations over
LLCD’s Optical Links,” 2014, Retrieved Sep.
3, 2019 from http://ipnsig.org/wp-content/uploa
ds/2014/02/LLCD-DTN-Demonstration-IPNSI
G-Final.pdf

W. Eddy and E. Davies, “RFC-6256: Using
Self-Delimiting Numeric Values in Protocols,”
Internet Research Task Force, 2011. [Online]
Available: https://tools.ietf.org/html/rfc6256

C. H. Koo, “Study for
optimization for SDNV
function,” in Proc. The

performance
transformation
Korean Soc.
Aeronautical and Space Sci. Fall Conf, pp.
1171-1172, Nov. 2019.
www.appsloveworld.com/download-sample-mp
4-video-mp4-test-videos

www.dbpia.co.kr



wi T AR SAlA 5 FAl MBS SRS 8 ol LTP Z2eE 73

[14] NASA, “Interplanetary Overlay Network(ION) T & 3| (Cheol Hea Koo)
Design and Operation,” ver 3.7.2, JPL 199713 2% S=dstw Az}
D-48259 Retrieved from https://sourceforge.net/ ahal =9

19991 29 : Ftel]

At 42}

projectsfion-dtn/
[15] J. Wilmot, “Use of CCSDS File Delivery

Protocol (CFDP) in NASA/GSFC’s Flight :'3' 20219 29 =giEta ASF
Software Architecture: Core Flight Executive “ Elg-sk} upap
(CFE) and Core Flight System (cFS),” NASA 20024 3L~AAY ;g
GSFC, Code 582. FATA AdA7A

[16] C. R. Tooley, M. B. Houghton, Jr R. S. <A Rl U e 94 FAl, AT
Saylor, C. Peddie, D. F. Everett, C. L. Baker, EX1, CFDP, -2l
and K. N. Safdie, “Lunar Reconnaissance [ORCID:0000-0002-7180-1476]

Orbiter Mission and Spacecraft Design,”
Space Sci. Rev., vol. 150, no. 1, pp. 23-62,
2010.

[17] CCSDS, “CCSDS File Delivery Protocol
(CFDP) - Draft Recommended Standard,”
CCSDS 727. 0-P-4.1, Pink BOOK, Tech.
Rep., 2014.

2143

www.dbpia.co.kr



	우주 패킷 통신에서 우주 통신 네트워크로의 문을 여는 LTP 프로토콜 구현
	요약
	ABSTRACT
	Ⅰ. 서론
	Ⅱ. 융합 계층
	Ⅲ. LTP 표준 및 개발
	Ⅳ. LTP 활용 및 비전
	Ⅴ. 결론
	References


