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Interplanetary Internet

@ 1973 — Bunton Cepd n Pobept Kah:
Transmission Control Program (TCP)

@ 1998 — BunTon Cepd u Jet Propulsion Laboratory (JPL):
InterPlaNet (IPN)
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Interplanetary Internet

@ Internet = 'network of networks’

o Interplanetary |

nternet = 'network of internets’

o IRTF Interplanetary Internet Research Group (IPNRG)
o IRTF Delay-Tolerant Networking Research Group (DTNRG)

This conceptual map of the Imterplanetary
Communications and Sensor Network
shows the location of key relay stations.
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Interplanetary Internet

e RFC 4838 — Delay-Tolerant Networking Architecture

Sender Receiver Sender Receiver
A First bit— | Tpr
\‘Z
S, Tpr
49-5‘/6/, > P Ttr
é/(\
? Ttr | —Last it
——ACK Tpr
?d‘ >Tpr
_/
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Interplanetary Internet

@ DTasloHHasi Moaesb B3anMogencTenst oTkpbITbix cuctem u TCP/IP

0SI model TCP/IP model pro;l;)ccf)lllzuite
[ Appllcatlon layer ] )
(Layer 7) HTTP, FTP, IMAP,
Presentation layer S SMTP, POP3,
[ (Layer 6) } Application layer DNS, SNMP.,
Session layer CElE e
(Layer 5) J
Transport layer )
[ (Layer 4) ] [ Transport layer ] [ TCP, UDP J
Network layer IP, ICMP, ]
[ (Layer 3) } [ Intemetiayer } [ ARP, RARP, ...
Data link layer . SLIP, h
[ (Layer 2) ] [ LI j PPP }
PhyS|caI layer |IEEE stds,...
(Layer 1) (DL & PHY Iayers))
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Interplanetary Internet

@ Y0 He Tak ¢ Tpagnumorneim TCP/IP?

HasemHble npoBoAHbIe
KaHanbl CBA3U

Kocmuueckue kaHanbl
CBA3N

BER

MeHblwe 1E-9

Ot 1E-12 no 1E-4

MoTepun nakeToB n3-3a

Meperpyska ceTu

OwunbKM B KaHane

RTT

MwunnucekyHapbl

CeKyH[bl, MUHYTbI, Yachbl

Bonblas 3agepxka us-3a

OxungaHue B ovepeam

PacnpoctpaHeHue curHana

CKopocTu Tyaa U obpaTHo

OpamnHakoBbl / conocTaBUMBI

KpaiHe acMMMeTpUYHbI

AnnapaTHble orpaHu4eHus

HecyLLl,eCTBeHHble

3HauuTenbHbIe

CBA3HOCTb

[NocTosHHas

3Anunsogunyeckas

Llenu u 3agauun

- ynpaBrieHne neperpyskom
- fairness

- LLeNoCTHOCTb

- YNopsiloMEHHas fOCTaBKa

- Makc. UCrnonb3oBaHue BO
BPEMS KOHTaKTa

- onumMoHanbHasi HaeXHoCTb
- [OCTYM K HEMOMHbIM
OaHHbIM
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Delay-Tolerant Networking

@ Obnactn npumenerns DTN:

KocMmuueckas cBsasb

['mapoakycTnyeckas cBasb

Apwmeiickune Taktudeckne cetn 1 MANET

CencopHblie cetn u VANET

Coumanbhbie cetn ('pOcket-switched networking’)
PaiioHbl cTuxuniinbix beacteuii

PasBuBatoLymecsi cTpaHbl n MafnoHaceneHHble 0biacTu

[ SATCOM Radio
I Backhaul Radio -~
B Backhaul Radio

| W Wireless Access Point
| W UAV Link Radio

l [ Wireless Clients
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Delay-Tolerant Networking

@ Yto Hoeoro B DTN:

Mepepaya 6i1okoB ganHbix Gonbwei gnubl (‘bundles’)

OnutenbHoe xpaHeHue ganubix B cetu ('store-carry-forward')
JdononHutenbHas 3aWnTa OT HECAHKLMOHNPOBAHHOIO UCMOJb30BaHUS
PaclumpeHHbIil CMHTaKCUC ANS NOAAEPXKKU PA3ANYHBIX CUCTEM
agpecauun

Knaccbl 0bcnyxmnBaHusi n onumm JocTaBkm

HoBble NpoTOKONbI U aArOPUTMbI MapLLPYTM3aLUN

@ |. Psaras, L. Woodb, R. Tafazolli. 'Delay-/disruption-tolerant
networking: state of the art and future challenges’
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Delay-Tolerant Networking

@ 'A standard for the transmission of IP datagrams on avian carriers’,
RFC 1149, 1990

o 'Pigeon transfers data faster than South Africa’s Telkom', Reuters,
2009
e lonybs ¢ kapToit namsatu nponeten 80 km 3a 1 yac u 8 munyT
e Bkutouas konupoBaHue, nepeaada gaHHbix 3aHsna 2 4aca u 6 MUHYT
e 3a 370 BpemMs 4epe3 mMecTHoro nposaigepa Telkom bbino bbi nepegaqo
anws 4% ot Toro e obbeMa faHHbIX
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Delay-Tolerant Networking

e Bundle Protocol (BP)

o ConpsixeHue npunoxennii n xapakrepuctuk DTN

o Licklider Transmission Protocol (LTP)
o Obecneuerne HagexHocTn ¢ yqetoM ocobeHHocTeid DTN

File transfer, messaging, etc. ‘

Bundle Protocol (BP) ‘

‘ Convergence-layer adapters ‘

TCP ‘ ‘ UDP ‘
Licklider Transmission
Protocol (LTP)
IP ‘
CCSDS CCSDS
IEEE 802 PPP T™/TC Prox-1
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Delay-Tolerant Networking

@ Custody transfer

2. Custody accepted:

The bundle is stored
Bundle Node . Custody ends,
The bundle is removed

ustody denied:

Ground Station The bundle is forwarded

Bundle Node

13. Custody ends,
The bundle is removed

Bundle Node ./
7. Custody accepted:
The bundle is stored /

‘ 11. Bundle recieved

and acknowledged by
’ the application layer

Destination Endpoint 5

P2P Networks Jekuuns



Delay-Tolerant Networking

o [leTepMuHMpOBaHHasA MapLIpyTM3auusl U JOCTaBKa

o CroxacTuyeckasi MapLpyTM3aunus u AoCTaBKa
e Epidemic
e Spray-and-wait
o Message ferrying
e 1 T.Aa.

e M. Karimzadeh, M. Gholibegi, D. Moltchanov, Y. Koucheryavy.
‘Information delivery in delay tolerant networks’
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Delay-Tolerant Networking

o ImnTtaumoHnoe mogenuposarne DTN:
e network simulator v2/3 (ns-2, ns-3)
e Opportunistic Network Environment simulator (ONE)

nam: dtnTestwireless.nam

File Views Analysis ‘ dtyTestireless nam
= R =
g N

g : Relaying DTN arce DTN

o] O—= o)

ns-2: DinAgent

Al
e

‘ A A A A e e
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Consultative Committee for Space Data Systems

o MexpayHapogHblii KoHcynbTaTuBHbii Komutet no
KOCMUYeckum cuctemam nepegaqu garvnbix (CCSDS)

i
s

Lossless data Image data FTP Appli-

compression compression RFC 959 cation |

CCSDS File €CSDS 121.0-8-2 | | CCSDS 122.0-8-1 layer |
Delivery |

|
CCSDS 727.0-B-4 SCPS Transport }
Protocol UDP TCP Transport |
|
|
|

(SCPS-TP) RFC 768 RFC 793 layer
CCSDS 714.0-8-2

i
i
i
i
i
i
i
} Protocol (CFDP)
i
i
i
i
i
i

T |

! |
I

| Space Packet Protocol (SPP) IPv4 IPv6 Network }

} CCSDS 133.0-B-1 RFC791 RFC 2460 layer |

I

! |

o __—__ S o |

|

imity- .

TC Space Data TM Space Data | | AOS Space Data Psm:éemm‘g' Data Link

Link Protocol Link Protocol Link Protocol Srotocol Protocol |

CCSDS 232.0-B-2 | | CCSDS 132.0-B-1 | | CCSDS 732.0-B-2

sublayer |
|

|
Proximity-1 Sync.and |

r

|

|

|

|

|

|

|

r

|

|

1 oding
| | CCSDS 231.0-B-2 CCSDS 131.0-B-2
|

|

-

CCSDS 211.1-B-3

ngni‘yg%sgg‘g TM Synchronization and Channel Space Link Channel }

Protocol Coding |

CCSDS 211.2-B-1 blay }

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, — - mm oo

} Proximity-1 R !

| Radio Frequency (RF) and Modulation Systems Space Link Physical }

} CCSDS 401.0-B-21 Protocol layer }

! i
1
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Consultative Committee for Space Data Systems

e CCSDS File Delivery Protocol (CFDP), pexxum 'deffered’

Time to send Time to deliver Retransmission stage with NAKs and
! file data PDUs ! the EOF PDU retransmission spurts !
| . EOF |
|\ Toou | timeout 7, RT, RT,
: ™ ! — ()
[M1]2]3]4]5]E] 2 3 4 5[E 2[4 [12]

RA k/

| Torop Tack(eor) NAK Trak
I .

~
File-delivery time, T
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