National Aeronautics and
Space Administration

Space Communications and Navigation (SCaN)
Network Simulation Tool Development and Its
Use Cases

AIAA Modeling and Simulation Technologies Conference

August 11, 2009

E. Jennings, R. Borgen, S. Nguyen, J. Segui, T. Stoenescu, S.-Y. Wang, S. Woo
Jet Propulsion Laboratory / California Institute of Technology

B. Barritt, C. Chevalier, W. Eddy
NASA Glenn Research Center



Soee e 20 Presentation Outline

* |Introduction

* Purpose of the Tool
« Simulator Design

* Custom Models

+ Use Cases



National Aeronautics and

Introduction

« Space exploration missions (Moon,
Mars)

 Need to model non-standard, non-
COTS protocols

— TOAST: Telecom/Orbital Analysis Tool
(JPL)

— SCaN NI&E Simulator (JPL, GRC)
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Benefits of Simulation

Benefits of Network Simulation

Gain insight into system architecture, design, and expected behavior in the early-stage of the mission

lifecycle to reduce costs, increase reliability, and to aid decision-making.

Enable faster development and more robust designs. The trade-off is model development earlier

in the project life-cycle.

Characterize the complex interactions and performance of the network architecture.

Project Formulation

Pre-Phase A Phase A Phase B Phase C -

Testing &
Verification

*|ldentify parameters
that affect system

Systems Engineering performance
*Model architecture through qualitative
components, capturing simulation.

functions, interfaces, links,
nodes, and requirements.

Architecture Design

*Evaluate system
architecture; determine

Project Implementation

Phase E Phase F

Operational
Analysis

*Analyze
operational
performance in
off-nominal
scenarios

*Predict system
behavior during
component
failures and
service outages.

expected behavior and
conduct trade studies

by varying a wide-rangeé
of parameters and
alternatives quickly

(in accelerated time).

What is the SCaN NI&E Simulator?

The SCaN NI&E Simulator is a modeling and simulation tool developed in
order to assist in the analysis of current and proposed space

communication network architectures
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 Mission phases
— Pre-launch ground operations (not simulated)
— Launch, ascent, orbit insertion
— 1SS rendezvous, docking
— Entry, descent, and landing
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command

NISN MS (JSC)

ROCC GS (KSC)

TEL-4 (MEL) Moblie_GS
(DFI)
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CEV
Voice
RTP
UDP
IP

ENCAPS
AOS M-PDU
LDPC/RF

Protocol Stack Example

WSC
AOS M-PDU AOS M-PDU
LDPC/RF TCP or UDP
IP
Ethernet

Wired

IP
Ethernet
Wired

MS
Voice
RTP
UDP
IP

ENCAPS
AOS M-PDU
TCP or UDP

IP P
Ethernet Ethernet
Wired Wired



e Simulator Requirements

« CxP C3l Protocol Support
- RTP, IP, CCSDS AOS M_PDU, and the CCSDS Encapsulation Service (ENCAPS).

Simulation Results
— Latency, throughput, and jitter

Physical Delay Modeling

— Propagation delay between the Orion spacecraft and WSC through the
TDRSS, with respect to the distances / trajectories.

Link Budget Library

—  Computes the link budget for various mission phases / links according to
the Master Link Book design specifications.

Link Coding Support
—  Effects of link coding
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Space Administration

AU S ELEEEEEEE 1
1 . .
Application ! _ . SCaN Application
I CxTraffic Model ! Module
l I b mmmcmcmmm e
Transport

cots A
Engine

— Network SCaN CCSDS Module
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- \
Link (MAC) CCSDS ENCAPS CCSDS AOS
/ Model M_PDU Model
\ Physical Link Budget
Library

Traffic
Models

SCaN
Network &
Protocol
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1 1 . . . .. .
Custom model is specific to a specific customer or mission scenario
. 1 1
Legend: ' !

Custom model is not dependent on the scenario or customer
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» Develop prototype traffic model characterizing traffic expected to be offered to the
SCaN by Cx users
» Develop tools for traffic generation to be used in SCaN traffic simulations

« Traffic types: voice, video, command, telemetry
“Telemetry” and “Command” include both real-time data (non-voice, non-video)
streams and non-real-time data (file transfer) traffic types

_______________________

4 N

TRAFFIC .| SCaN Performance
SCaN | (Link utilization,

MODEL g
. IMULATION -
Synthesizes streams :> SIMU O latencies,

of different traffic packet drop rates,

k types for analyses / K / etC.)

________________________

L
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Voice Traffic Model
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Space Administration

Utilized video streams from ISS and Shuttle missions to determine
the distribution of the packet sizes for various scenarios

— e.g. space walks, astronauts working in the Shuttle, fuel tank separation
Video Traffic Analysis

— Used ffmpeg to rip video files from DVD and recode in MPEG CIF format
« MPEG4 part 10 at highest quality (q = 1) with GOP pattern IBBPBBPBBPBB

— Used MP4Box to put mpeg4 codec frames into mp4 multiplexed stream

— Used mp4trace transmit the stream to the network to collect the traffic trace

— Analyzed the traffic trace using Matlab to determine frame size distributions

ffmpe
ISS & he Traffic Video
Shuttle mp4Box Y Character- \ frame size
videos 1zation distribution

mp4Trace
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Space Administration

Laboratory ‘.Illlil‘.lllll‘llll . oo

Earth in
background

Space walk
in the dark

e | BBPBBPBBPBB




naional Aconaft@t@Ntial Gains in Command and Telemetry NASA

Space Administration

Shuttle command
— In Shuttle missions command is allocated 8 kbps constant bit rate

— Since most commands are just function calls to preloaded subroutines, the
whole 8 kbps is generally not utilized

— The full 8 kbps is only utilized for brief periods of time when a new
subroutine must be loaded to the shuttle for future execution

As in the case of command similar gains may be attained in the case
of telemetry transmissions

Rate Bandwidth utilization in command transmissions
8 kbps

2 kbps
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1kB LDPC codeblock and 3B encap header shown as an example
When IP header compression is used, the size of the ‘IP hdr’ block
(IP+Transport) will be different.
1. IP packets
are generated 224 bit 224 bit 224 bit
(20 byte IP hdr & ™ ‘S"— ™ lsl‘— _>| ls"—
8 byte UDP hdr IP hd Idle [IP hd IP hd
per packet} ' € '
2. AOS framing
(6 byte AOS hdr &

2 byte M_PDU hdr per
128 byte code block] 83bits  |e— 936 bits —>| 64 bits |<— 960 bits _>| 83 bits  [4— 936 bits —>| 64 bits |<— 960 bits
* FILL inserted only to
. ; g = .
u 4]

«—1024 bits < 1024 bits B 1024 bits "‘!4 1024 bits _’|

3. LDPC encoder
(info + parity bit
2-to-1 expansionj

— O T

h 4
A 4

+——2048 symbols—»«——2048 symbols bre 2048 symbols —»1¢——2048 symbols—™

4 Attached Frame 1 Parity Frame 2 Parity Frame 3 Parity Frame 4 Parity
sync marker
attached
f’:‘?st;rt\‘?bzﬂs g _5 EncaH |P hdr > g M_E EnNcAA [P hdr é M_B ncAH P hdr
35:;’;"”9 M Frame 1 Parity Frame 2 Parity M Frame 3 Parity M Frame 4 Parity

dulati
modulation} «——2112 symbols pre 2112 symbols 2112 symbols ™1 ——2112 symbols—>
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S —— Physical Model

« Two major components
— TDRSS Models

+ Selection & Handover
* Bent-pipe
— Physical Propagation
 Integrated with Link Budget Library

e TDRS selection criteria

— Determined by schedule derived from customer and SN

» On the other hand, model uses periodic distance check; assumes handover is
scheduled when Orion crosses midpoint.

— TDRS Selection Criteria Model

* Dynamic based on Orion-TDRS range and line-of-sight
» User-specified period for continuous check

» User-specified acquisition interval parameter
— antenna slew, carrier acquisition, etc...



smermmuion . DSIL Link Budget Analysis Library
- link performance analysis for CEV-SN, CLV-SN, CEV-ISS
at different phases and different bands.

- C++, Windows and Linux

- all static communication parameter values are set in XML
files

- dynamic parameter values are set externally

3
Configure transmitter and receiver (SN, 1 fil
nonSN(CEYV, CLY, ISS)) Xml files

xml)
_______________________ [rommn e
y l A 4
Calculate link margin Calculate data rate Calculate data rate
(given positions, datarate, and (given position, link margin, (given position)
required Eb/No) required Eb/No)

______________________________________



mammen - Link Budget Calculation

+ Link Loss

) ain -
Transmitter » 8 R Transmitter S (space loss
. EIRP - page "9,
power _ loss polarization loss,
rain attenuation,

atmospheric loss,

Eb/No Pr/No other losses)

Eb/No .
for Eb: bit energy |« No: Noise Power received (PI‘) <
required | ok noise Data bit . ) (isotropic antenna)
BER p power spectral p
(coded) power spectral | rate density
Link Eb/No vs. BER (or symbol error Bit rate => Eb/No

i rate, frame error rate .

Margin ’ ) D => Link margin

BER => BER

Link Margin => bit rate




s it Use Case: Stand-alone simulations

5CaN Simuletions of Cx CSADD Scensrios Listing

Bkts Thrnput Iatency Jitter Bkt Loss

Test Mams Sim Date CEADD Meedline Sent  (bpa) (msecs) (usecs) (per mill)
CLOSE RENDEZIVOUS CEV-2-I55 — Baseline Z009-03-05 CEV-ICCR—TIM-docked-MOD 4Z00 1&804 o] & u]
FRR BENLDEZWAIS CEV-R—IS5 - Baseline Z009-03-05 CEV-ICCR—TIM-docked-MOD 4Z00 1&804 100 11102 u]
MERR EEMDEZIVOUS CEV-L-IS55 - Baseline 2005-03-05 CEV-ICCR-TIM-docked-MOD 4Z00 18804 33 ZBas a
Leaunch Ascent Post-ALAS CEV-MS - Baseline 2005-03-05 CEV-MS-TLM-ascent -MOD 4Z00 122263 352 1211 u]
Leaunch Ascent Post-ALAS CEV-MS — Baseline 2005-03-05 CEV-MS—voice-ascent—agl 4200 7201 357 1211 a
Leaunch Ascent Pre—ilaS5 CEV-MS — Baseline 2005-03-05 CEV-MS-TLM-ascent -MOD 4200 122263 352 1211 a
Launch Zscent Pre-ilAS CEV-MS — Baseline 2005-023-05 CEV-MS—wice-ascent-agl 4200 7201 357 1211 a
Launch Countdown CIN-MS - Baseline 2005-03-05 CIV-MS5-TIM-comnmtdown-MOD &000 122280 352 1181 u]
Launch Countdown CIN-MS - Baseline 2005-03-05 CEV-MS—voice-countdown-agl @000 7201 357 1181 u]
Launch Countdown CIN-MS - Baseline 2005-03-05 CEV-MS-—voice-countdowvn-agZ @000 7201 388 1181 u]
DESCENT CEV-MS - Baseline Z0059-03-05 CEV-MS-TLM-entry—MOD 4Z00 93482 335 1211 u]
DESCENT CEV-MS - Baseline 2005-03-05 CEV-MS—wvoice-entry-agl 4Z00 TZ01 340 1211 a
LOR IEQ CEV-MS - Baseline Z005-03-05 CEV-MS-TLM-LEC-MOD 4Z00 93462 g5 147 a
LOR IEQ CEV-MS - Baseline 2005-03-05 CEV-MS—voice-IEC-agl 4200 7201 i 147 u]
LOR IEQ CEV-MS - Baseline 2005-03-05 CEV-MS—wvoice-IEC-agl 4200 7201 290 147 a

28 experiments from Countdown to Descent
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ISS / S

SIL

SCaN SIM
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CLV

CEV MCC

Dynamics Dynamics
Model Model
HLA HLA
HLA
o] [b] Link budget / delay model
S S
o ! ! CEV S.LE/ GRE not
model e s1mplated, MCC
! ! | seeing only C31
— . Maestro| | from Maestro
- SCAN NI&E OTE / MCC SIM
JSC Simulating SIM
1hz C3I data
using Maestro

custom model of delays & noise
from CEV through TDRSS link
and WSC processing to MCC

MSFC JSC JPL JSC
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SCaN NI&E Simulator
[®)
. . CEV_ISS
CEV C3| S Simulation of Mission
data S g % ~ o comm. system Scenario
|
<
CLV C3l ' ' #'
data %’
@)
=]
MCC - 2
C3l data §
QualNet External HLA Interface
Dashed circles
represent JSC MSFC
“attachments” to gg—gm KMSE fgg ARC LSESC CLV_S1

external entities ISS CLv_s2




et Conclusion & Future Work

 \What was done:

— Developed custom simulation models to
evaluate |IP-based network performance for
space exploration missions

— Used the tool for early integration tests
* Future extensions:

— More accurate trajectory, antenna model
— Qo0S, Security issues
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