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TCP TCP. : i3DTN TCPCL Demonstration
CL CcL

Ground to Space DTN Demonstration

Jan. 31, 2025
Cheol H. Koo
Korea Aerospace Research Institute

i3DTN 3-nodes Video Straming via TCPCL

TCP 1CcP

.
Feb. 25, 2025
Cheol H: Koo
2 3 5 Korea Aerospace Research Institute
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DTN AJH2| 2: TTA M€ 2165 (2024E 1223) - &RF S ; A2F BN SIS At Z2EZS(FE 3| KARI)
https://www.tta.or.kr/tta/publicationHosuView.do?key=80&rep=1&searchKindNum=1&searchHosu=216 5

DTN in a nutshell

® DTN (Delay-/Disruption-Tolerant Networking)2 Ul E ¥

Hi|= 280 ME HjO|HE HHSHA MEY = JAEE 4
o =2 Jig

® Store-and-Forward: CIO|E{& =4 & M&s10, C}g =Eof A 7t

Intermittent Connectivity: &&f A Z L0 UX| 20, YAHS =0t
Bundle Protocol: 2| TS Z2&EF 2|0 M SEISH= G|O|E mf7|X| TE LA
Opportunistic Contact: @At TtS Sof HI0|E{E HH, Scheduled Contact: O H & A4%2 S 54
Buffering: ZA|Zt HIOIHE X&) F& 7|50 B2
N
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M2F 4l (Deep Space)
PN L= PN [: =]
2ol &3 7| HESRA (UAV Swarm)
sZ= 9 2% HEYZ

[ ]
>
0000 p o o o o



DTN in a nutshell

DTN in a nutshell

Delay/Disruption Tglerant Networking

Claude Al 244 CopilotAl 44

MAI DTN JHE ¥E OHE &= AlE)

DTNME
A Marshall, C++, 2006 ========= 2010 on 1SS
® o ' °® °
\ -
DTN born ION DTN2 IBR-DTN  Unibo-DTN
2002 JPL, C, 2004 \\ DARPA, C++, 2005 Technische Bologna, C++,
s, Universit "at 2010
2008 DINET N -
2008 on UK DMC Braunschweig,
\ C++, 2009
2009 on ISS .
\ 2012 on 1SS
2013 DRTS
N
2023 KPLO
L] o @ @ @
uPCN bplib i3DTN uD3TN DTNA
Technische Universit "at Goddard, C, 2018  KARI, C, 2019 D3N, C, 20‘39 ESA, ???, 2021
Dresden, C, 2014 HDTN \\
2023 OPS-SAT
Glenn, C++,\2018 (laUnChed 2019)
\\
\\
N
2022 on 1SS
DTN7

Darmstadt University of
Technology, Go, 2018
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i3DTN : DTN supporting internationally interoperable, interoperable @ oo @
with overlay networks, and interoperable with multiple platforms
[

® i3DTN 3
« 20192 H W& AIZ} I D I N

C 2 0{/Linux
(228 ) FreeRTOS / RTEMS
2019 ~ 2022 LTP (Licklider Transmission Protocol, RFC-5326) CL (Convergence Layer)
« SIXf ccspSOIM EE NE &, MZ2 EEE: HPRP (High Performance Reliability Protocol)
TCPCL v3/v4
RFC-7242(v3), RFC-9174(v4)
« 2021 ~ ¥ Xj BP (Bundle Protocol version 7, RFC-9171), BPSec (RFC-9172, RFC-9173)
« 2013 ~ 2018 MR FUtAME I 2 E Z(CFDP, CCSDS-727.0-B-4)

Application

CFDP
[ Text | [ Video | [ sPP

Bundle Protocol (BP)

Convergence Layer
(LTP, TCP)

Link Layer
(Spacelink, TCP, UDP)

Physical Layer
(RF, Etherent, SLE) 9

HE/7d2FBARI0IM DTN &8 Jis =0k

® C&DH (Command and Data Handling)
¢ Telecommand, Telemetry
« Software patch upload

® Playback (data mule)
« EHA HlOlH dump

o SM F7 MH|A (comm. & relay service)
e Support communication relay service
o S EE Uz HjZ

e J|Et 7|& HI2

+ Text chat, voice chat
¢ Video streaming

10
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CAPSTONE 20223 68 E ZX|H HZ(NRHO) & EH HAE M3
A = 120, At =27
2L} ZIREHAE 20224 128 FTINA EME E A= T AMIf F

(LunarFlashlight) Ny =P

Lunar Trailblazer 2025 290 G EEHO| & 22X X A F
NASAs SIMPLEx Z2 & 2=} 200kg
Slo|EatAl REH| =27

()]
c

n

LUMIO 20274 70 = ESA, 12U, Earth-Moon L2 HALO =
orbit, AtA| F&7
K-RadCube (3+=) 20263 48 OfZH|O|A 220 EXY 0 -

AT SAE 5

NASA SIMPLEx (Small Innovative Missions for Planetary Exploration) =2 13
- X H|-8(%f 55008 2a{ OJFh
- 180kg 0|5} smallsat
B2 YR /MOl | Al
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Artemis S (0I12H

® Gateway
* NRHO (Near-Rectilinear Halo Orbit)
- M BA7Is ME Yts

Image credit: NASA

® LRS (Lunar Relay Satellite)

. amf 7re
« ELFO (Elliptical Lunar Frozen Orbit) e VORI NASA
60116965;_;@[
\ anlenna for
® Landers and Rovers on the Moon surface kmarmoble g

e LCT (Lunar Communication Tower) Ll

LCT Base

- 80 Mbps 802.16e WLAN
. 11.2 Mbps to Base
. 11.2 Mbps to user
. 2 Mbps to Rover

. Cell Phone
- 5.8 km range .
- 200 Mbps Ka to LRS/Earth HGA (LRO)
' - 25 Mbps S-Band to LRS/E |hirgmbal | peployed
A - 192 kbps Safe Mode |

= X: Toyota’s Lunar Cruiser: from Earth to the moon and back - TDRSS I/F (S-Band)
. Navigation support

Earth
ZXI: NASAs Lunar Communications & Navigation Architecture, 2007 \ ' s V14



Artemis 82t (0l1&hH

* LTE/5G on the Moon

Once on the lunar surface, the network will prowde two- way communlcatlon =

between the Iander and Lunar Outpost S MAPP rover.
st .)w’«" G‘J,_ P e g _‘ P ",r""‘fvﬁowﬁ\

Bt

mwn
0

+Z 0| Jtsst

_ & £XH: Greg Stanley, Comparing Orbits for the Lunar
o Y= FEAMI EHEM rover AFO| E4I Gateway, 2019

« ZHD(near side, far side)2| lander, DRO
2HY 33 Y7 A

« rendezvous @

DTN Jl=

® X| - Lagrange 2 Hl =
o) 5= & sS4 54 - Quegiao
* (SZm) ISt 47
0ll) NASA2| DAPPER(Dark Ages Polarimetry Pathfinder)
*« NRHO (Near Rectilinear Halo Orbit) vs. DRO (Distant Retrograde Orbit)

2000

o Sl SAM .
» EFLO (Elliptical Frozen Lunar Orbit) o
- SN 3 2Y
* Web server, mail server
* CDN (Content Delivery Network)

o« 282 DTN &4l board

o\ L e e
2000 2000 4000 6000

2 £X: M. Murata et al., Lunar navigation satellite system; ylan] 4000 gy, -goop 4000 [k"f]”" ’
mission, system overview, and demonstration 2022 Fig. 3 LNSS satellite constellation using two ELFOs. 16



Cislunar FY{A HI Al

® Tracking?| O{2{=
+ TT&C &4, ranging (no GPS!) &
+ (on-board) SWaP, H[-& &2| 0| & Ee
o (X&) NASA DSN Z2 TA|H o2F SHHILE A2 o

P
e
to

o 7tH S 74
o (MOHEEO) =4l OHH|LERQF 2| YFSIX] QfoF S/HE HE S 7HH A4 /T
« Steering antenna phased array antenna, EE= B2 XA M2t 58 @7

® XiA| =7
« CAPSTONE(12U), Lunar Flashlight(6U) S0| At F27| AL
o HI2 A&, swaP M Atst 13

o S4l 0] ?[g1t A
o T2 OfYX[ZF 2030 =2t 7|2 X 7|SLTE UAS

|
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