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About the speaker

Dr. Alberto Montilla

CEQ Spatiam Corporation: Creating the Interplanetary Internet
Board Member Interplanetary Networking Special Interest Group
29 years of experience in Communications and Networking Services

Former Assistant Professor of Radiation and Propagation,
Engineering School URBE [Venezuela)

Dr. Networking Engineering, UC3M
MBA from IEB - Spain.




AGENDA

Space Communications 101

Towards the Interplanetary
Internet

From Space Exploration to the
Space Economy
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Voyager 1 — An example of Space Commanications
The first human-made object reaching interstellar space *

L
R

* Launched September 5 1977/
* Reached interstellar space in 2012

PHYSICAL -
Distance from Earth 15.4 Billion Miles (166 AU) u : \ :‘
Speed 30,026 miles per hour

One-Way Light Time (OWLT) 23 hours, 03 min, 17 s \

COMMS ' . I (S

DL Frequency X-band (8 GHz) On (S-band OFF) A
Signal level received on Earth 1x10"8 watt -
Current bitrate 160 bit per second ///

For more info


https://voyager.jpl.nasa.gov/

EFFECTS OF DISTANCE IN SPACE COMMUNICATIONS

DISTANCE

COMMUNICATIONS DELAY

Earth Orbit
* International Space Station: 250 miles
* (eostationary Orbit: 22,236 miles

> Milliseconds to hundreds of milliseconds

Solar System
* Moon: 238,900 miles
e Mars: 35 to 250 million miles

\4

Interstellar Space
*  Proxima Centauri: 24.9 trillion miles
(4.3 light years])

Oort Cloud

Mercury

Venus

Earth

WETS

Jupiter

Saturn

Uranus

Neptune

——=m Termination Shock
- —m Heliopause

Sun
® a-Centauri

B e

» Seconds to hours

Days to Years

iReal time communications is
not possible!

~35_to 250 Million Miles
1
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~3 to 22 minutes

+ SIGNAL LOSS (frequency x distance? )

150 dBa 230 dB (x1018 - x1023)

282 dB (x1029)

376 dB [1038)

Bigger dishes, better electronics
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DISRUPTIONS IN SPACE COMMUNICATIONS

CELESTIAL MECHANICS mmm)  DISRUPTIONS (No line of sight!)
Relative rotation, translations, conjunctions. Loss of Signal [Communications)

DARK SIDE OF THE MOON COMMUNICATING WITH MARS



What’s a relay satellite
An example - NASA TDRS (Tracking and Data Relay Satellite]

Connects two moving elements, e.g.

« Earth Ground Station Tracking and Data .Relay Satellite .

* Spacecraft = &
* Planetary surface . Jwo-waj  Twasiay
communications il communications
Typically operates in multiple frequencies A :
i b
Can operate in any orbit o i e

1 i
‘ﬁ X WhltB Sands Enmplex;’ | b= |
By g New Mg ico . ’ ﬁ( j. o International Space Station

TDRS operates in Geostationary (GEQ) orbit \ N Yo R ¥4 “Ww



MINIMIZING DISRUPTIONS IN SPACE COMMUNICATIONS

120

California Australia
View View

On Earth Earth vicinity
Ground station antennas (min 3) around Satellite networks
the world.120 degrees of separation Multiple types of orbit possible




NASA DEEP SPACE NETWORK

Jet Propulsion Laboratory | California Institute of Technology

=7 DEEP SPACE NETWORK NOW/

VGR1

&S MADRID

MAR 5
3:33 AM

JWST PSYC

== GOLDSTONE

MAR 4
6:33 PM

MO10 MVN MRO TGO MMS1

%7 CANBERRA

MAR 5
1:33 PM

LAST UPDATED: MAR 5 2:33 AM (UTC)

CHDR

EXm O

TARGET

MARS ODYSSEY

.

VIEW VIEW VIEW
ANTENNA SPACECRAFT WORLD MAP

XD = =N =N
SPACECRAFT

NAME
Mars Odyssey

RANGE
328.00 million km

ROUND-TRIP LIGHT TIME
36.50 minutes

ANTENNA

NAME
DSS 35

+ more detail

about DSN

contact us




Building a space network
Space (PHY]) Link

K. d

Powerr, X Antenna_Gainr, X Antenna_Gaing,

Powerg, = , ,
Rx—F Teespace, ,os(d,f) X Transmitter_Loss X Misc_Loss

direct broadcast satellite domestic satellite (FSS)
- S

S

communication link
(uplink and downlink)

downlink

Transmitter Loss: Cables, connectors, splitters, etc.
Miscellaneous Loss: Polarization, fading, etc.




Space Link Application

Mars Odyssey Orbiter (UHF link, PSK modulation]



https://descanso.jpl.nasa.gov/DPSummary/odyssey_telecom.pdf

VI
=z
_I
L
P
<
—
o
o
L
_I
=
L
T
_I
(V)
35
=z
< x
=
@)
= Z



Building a space network

Data Transfer in Space

Telemetry (Science, Engineering, Image]

< 4an

Command [Control Functions) |

v
11
1|

Tracking/Navigation

v

A

Communications*

v

A

Type Direction Volume Quality requirements Applications

Telemetry Downlink Moderate to High High to very high Sensor data
Sensor status
Imaging

Command Uplink Low Very high Controlling spacecraft
Controlling sensors

Tracking/Navigation Uplink, Downlink or bi- Very Low Very high accuracy Paositioning and Navigation of
directional spacecraft

Communications * Bidirectional High to very high Very high Relays

for spacecraft delivering comms
services




Building a space network

Protocol stacks

| Lossless Data Image Data
Compression Compression
o Application
Appllcallon Layer Asynchronous SPECIfIC POpUIGP mOder‘n pPOtOCOIS
Message Service Protocols ) )
00SDS Fie CFDP: CCSDS File Delivery Protocol
iy SPP: Space Packet Protocol
Proximity-1: Space Link Protocol

Transport Layer

DAVID Earth End

Network Layer Satellite Station Station

CFDP CFDP

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

Space Packet Space Packet

Protocol ARTEMIS Protocol
— Satellite Station —
Proximity-1 Proximity-1
Space Link Space Link
Protocol PHYSICAL Protocol

(Sync. and A Sync. TCS d
Channel Coding , Channel Coding
Sublayer) -

Physical Layer RF and Modulation Systems

CCSDS “legacy” Space protocol stack

Inter Satellite Inter Satellite
Link




Building a space network

Networks - supporting communications at scale

LINKS
* (Connect two nodes through a physical
Node Lanly layer (Radio, optical] with specific link
Node 2 (a0, opTIA: protocol for data framing, error
through the .
LINK corrections, etc.
NETWORKS

* Automatically connects ANY nodes that
are connected through the network.

* Each node has one or more addresses (e.g.
|IP address, Bundle Protocol Node D)

O * Required when number of elements

SN Any user connected to (nodes) increases

the NETWORK can

communicate with each
other




THE INTERPLANETARY INTERNET
1998

TCP/IP (Internet)

architecture and performance issues

* (Centralized Infrastructure ([DNS)

* Connection establishment in delay and disruption
scenario [Mars - 7 to 40 minutes round trip time).

* Loss of information

SOLUTION
DTN — DELAY AND DISRUPTION TOLERANT NETWORKING

Information provided by



DELAY AND DISRUPTION TOLERANT NETWORKING

DTN is a digital coommunications networking technology that enables
the reliable transfer of data across DTN network elements when the

propagation delay is highly variable and/or very high.

The data transmission Is performed automatically, even when one or
more network links are not available during long time intervals.

The main internetworking protocol in DTN i1s the Bundle Protocol [BP).

AN
Information provided by @S'G



THE BUNDLE PROTOCOL [IETF RFC9171]

* Runs as overlay over multiple network/link
technologies
* Networking with scheduled (planned) or
opportunistic contacts. UDP/IP
* Network Store-and-forward

-' N DTN B 41 B

Mission Mars Relay
Control 4 Satellite

s
e
- |
-
=
- |
. |

==
- |
-
==
-
-
|

Disruption Tolerant Network Protocols Deliver Messages
With Lower Latency and Provide Higher Throughput
In Disrupted Networks

Terrestrial Network Deep Space Orbit-to-Surface

8 Persistent Storage
CT Custody Transfer Capability
— Bundle Path

x -\"\“..‘
»"*« Custody Acknowledgements Information provided by @S‘G




THE BUNDLE PROTOCOL
Performance examples™

Average Goodput (Mbit/sec) over Delay (ms) Average Goodput (Mbit/sec) over Delay (seconds)

1000 €
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400 600 800
6 8 10
RTT (ms)
7 RTT (seoncds)
— TCP/IP —&—BP 1Mbyte Bundle

BP 10Mbyte Bundle —*—BP 100Mbyte Bundle =—=—TCPIP —#— BP/TCPCL BP/LTP

. . ; \' \
* From “A performance comparison of DTN protocols for high delay optical channels”. Muri and McNair. 2013 Information provided by @Sﬁ



PROGRESS ON DTN AND THE INTERPLANETARY INTERNET

EXPERIMENTAL HIGHLIGHTS

2008-2011

* Successful DTN experiments onboard NASA EPOXI in deep space (81 sec delay)

2012-2016

* Successful control of robotic arm through DTN in the International Space Station, by the European
Space Agency (ESA).

2016-2019

* NASA tests and setup the first DTN operational network in the International Space Station

2020

* IPNSIG PWG network - first civil open DTN ground network (in operation].

2021

* DJ3TN Ring-Road DTN Network experiment in LEO with ESA OPS-SAT Satellite

2024

 PACE - First NASA class B mission that uses DTN operationally in a satellite.

 SPATIAM DTN Platform Technology Demonstration in the International Space Station.

Spacely Packets - Implementation of E-mail service over Bundle Protocol. Information provided by @

SIG
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LunaNet — LUNAR.COMMUNICATIONS, POSITIONING NAVIGATION
AND TIMING NETWORK ARCHITECTURE

— E g L »
User Lunar Segment

LNSP = User Lunar Surface Interfaces LNSP - User Proximity Interfaces

JSE undar > LE £ ce > X ¥ erid
A NSP Lunar Surface Interfaces # e
faces LunaNet Service Provider Lunar Segment NS Diisart to Erth Intasfaces
aces (Lunar Relay)

User Earth Segment
. 7
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THE SPACE ECONOMY WILL BE BASED ON DATA



factoriesinspace.com |

LT el E In-Space Economy,.. - % . .. .00 amen

! ‘Human Landers W;ter . ; !
¢ i " Human Spaceﬂlght A -/ Space Utilities ° . 7 . b SR Actaroid Mining

*

Landing Pads
In-Space Manufacturing

Space Resources . N :
A ; In-Space Economy Classification:
: 1) Human Spaceflight 4
> - Crewed Spaceships & Shuttles
- Human Landers
2) Cargo Transportatlon & Lariders
- Robotic Landers (Moon, Mars)
- Re-Entry Capsules (Earth, Mars)
: - Cargo Resupply
Propellant Refilling Depot . ; = ) 5 - Reusable Satellites
In-Space Transportation \ : . 3) Surface Spacecraft

Active Debris Removal -
In-Space Transpertation ™\ o Commercial Rovers
: 1 ’ -/ Surface Spacecraft

- Crew Rovers
- Robotic Rovers
- Drones, Hoppers

.

Free-Flying Platforms
Cargo Transportation .

R 4) Space Stations & Habitats g :
N giﬂ“;!ﬂl-:‘%?“ Eaeig s s . = ATt 5) Surface Habitats & Structures =l
D argo Transportation . Mass Driver, Kinetic Launch - : Space Food ) 6) In-Space Manufacturing (ISM) ‘
; ; ; Cargo Transportation - ' / In-Space Manufacturing . - - In-Spacg Production

Re Entiy Capailel - Hoppers, Drones. N B Y 2 : A— . ; : : - Space Food, Space Agriculture
Cargo Transportation ™ - : + Surface Spacecraft \__Space Suits ; " . ' Crew Rovers - Microgravity Manufacturing |
9 P \ Miscellaneous & riace Habittut */Surface Spacecraft - Additive Manufacturing ; a
i : o . sauriace nablacs. / : - In-Space Assembly, Construction, etc. |

7) Space Resources ‘
- ISRU (In-Situ Resource Utilization) 1
- Pure Substances (Ice, Oxygen, Metals) |

- Space, Lunar & Asteroid Mining

\ Crewed S G : ¢
VFI%HE%%I?%? ' Space Tugs (Reusable). ae Prosze(lmng, Processing, Recycllng
b ; .9 = s T el : péerrg)t/' ';::Ier-eeammg

< - In-Space Internet, Data Relay.
‘ - Navigation .
: < Water, Propellant
Miscellaneous : e sk : : 2 { N 9) In-Space Transportation

3 ; 7 o Pure Substances / - ¢ T Space Utilities + Space Tugs, Space Trucks
. Space Resources K . & ‘ . - Orbital Transfer Vehicles (OTV)
. - On-Orbit Servicing, Maintenance
- Propellant Reload Stations (Depots)
B emmercial Astronauts - Active Debris Removal -
"Miscellaneous - In-Orbit Inspection

. - Space Mobility, Space Logistics
10) Mtscellaneous:
In-Situ Regur_creil!tlhzatlon : :

Microgravity Services
/ Sprca ResourFes ISM.. - In-Orbit Computing, Storage
On-Orbit Servicing : = ; : - Space-Flown Items d
In-Space Transportation i - Space Suits & Garments

pace Situational Awareness

2

N\,

N Sr.;ace Solar Power

- . Space Utilities

.

& -
- \

; " In-Orbit Inspection' : ; - Commercial-Astronauts ~ ;
ShG / IR g : In-Space Transportation. - 2 X - Space Entertainment & Advertising |
Space Stations ! : »Y : "‘ 2 : G * - Space Traffic Management |
\ S‘pace bt e . . ‘ ‘ : 3 . - Space Tourism Support, et'c. ‘
|

5 . it : 5 . ' . GeaE *Original creation by Erik Kulu sincé 2020 Inspired by E2MC. |



THE HUMAN NEED TO COMMUNICATE AND COLLABORATE

| fRorey
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FROM THE MOVIE “THE MARTIAN”




WOULD YOU LIKE TO KNOW MORE?

Visit IPNSIG website

* (General and technical documentation.
* |IPNSIG Academy webinars

* Access to Pilot Project Working

Group. Open to join our network.
* Free access!

. nhitps:/www.ipnsig.org/

IPNISIG - The Interplanetary Networking Special Interest
Group is a chapter of the Internet Society
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