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BACKGROUND

e Past & Present Mars

observational missions

* Future planned missions . |

on Mars
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- HYPERSPECTRAL IMAGING OF MARS

* Types of data 253 _

* |nstrument used

e Method
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Mars Sutface Albedo Changes: 1977 to 1997
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ORBITAL ANALYSIS & RECOMMENDATION

* High inclined orbits
e 4 x 6U DaughterShip Type | & I
* |deal for hyperspectral imaging &
atmospheric data research
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ORBITAL ANALYSIS & RECOMMENDATION

* Areostationary orbits
e 3 x 12U MotherShip (MS-DRS)
* |deal for full coverage of
communication
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SCIENCE GOAL & REQUIREMENTS

Hyperspectral Imaging Camera

Hyperspectral Imaging Camera
Thermal IR Emission Imaging Spectrometer

Thermal IR Emission Imaging Spectrometer
Thermal IR Emission Imaging Spectrometer
Thermal IR Emission Imaging Spectrometer

Thermal IR Emission Imaging Spectrometer

Thermal IR Emission Imaging Spectrometer

UHFVHF, K, and X band

Optical communication module

Micropropulsion, processing software, advanced engineering
techniques for navigation, guidance, control




SCIENCE GOAL & REQUIREMENTS (CONT...)

* Onboard Machine Learning

* Classification & Analysis of images using Distributed Deep
Learning with Data Parallelism

Combined Probability

(J. Liu, B. Luo, S. Doute, and J. Chanussot “Exploration of
Planetary Hyperspectral Images with Unsupervised Spectral
Unmixing: A Case Study of Planet Mars,” Remote Sensing, vol
10, issue 737, 2018.)

Final Mapping

e Detection Algorithm for geological landforms on Mars using
Convoluted Neural Network (CNN)

(L. F. Palafox, C. W. Hamilton, S. P. Scheidt, and A. M. Alvarez
“Automated detection of geological landforms on Mars using

Convolutional Neural Networks,” Computers & Geosciences, vol
101, pp 48-56, 2017.)

[16px > CNN 4|

* Atmospheric data retrieval framework using Machine
Learning

(F. Soboczenski, M. D. Himes, M. D. O'Beirne, and S. Zorzan et
el. “Bayesian Deep Learning for Exoplanet Atmospheric
Retrieval,” Third Workshop on Bayesian Deep Learning, 2018.)
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e Inter- Satelllte dptlcal Wireless Com
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Direct-to-Earth Link
+ 1 kbps - 15 kbps to 34m @ 2.7 AU
+ Example : 2007 Smart Lander
- 90 Mbit / 2 hour pass
-125kbps
- 40 cm HGA
- 440 SSPA

- Turbo Codes

No Direct-to-Earth capability
for Scout-class landers-
performance similar to
Smart Lander example

Orbiter Direct-to-Earth Link
+ 10 kbps - 1 Mbps @ 2.7 AU
+ Example : Mars Rover Orhiter
- 300 kbps to 34m @ 2.7 AU
- X-band
-25mHGA
- 100y TWTA
- Turbo Codes

UHF Relay Link

+ 100 kbps - 1 Mbps

+ Example : 2007 Smart Lander
- 250 Mbit / 8 minute pass
- 512 kbps
- R-S + Convolutional Codes
- Omni UHF antenna
-15W SSPA
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DIRECT TO EARTH COMMUNICATION INTRODUCTION

e DTE Communication links
 MotherShip (MS-DRS) to Earth

* Used for data transfer & acquiring
telemetry command

* Received by ground antennas on Earth
by NASA’s DSN or ESA’s ESTRACK

e Using Ka band

* DaughterShip Type I/Il to Earth r — — 4
* Used for backup/alternative telemetry g': s

command link

e Using Ka band
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® -Programmable architecture

® Small area footprint

® Purpose of using Machine learning in a satellite
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DISTRIBUTED DEEP LEARNING & ML INTRODUCTION

Machine Learning:-

Use of algorithms & statistical
models

For performing specific task
Without using specific instructions
Relying on patterns and inference
of the data

Distributed Deep Learning:-

Distributed or Parallel training of
models in multiple nodes.
Shared and distributed among
multiple nodes through multiple
servers

Using data or model parallelism
Use of distributed storage

Model
Replicas

A Standard Machine Learning Pipeline Machine Learning

G — &y — &

Feature extraction

Deep Learning

Data Parallelism

Parameter Servers p’=p +Ap

SEotEaaa.

(a) Hardware Architectures (b) Training with Single vs. Multiple Nodes

Figure 2: Parallel Architectures in Deep Learning



IMPLEMENTATION OF DISTRIBUTED DEEP LEARNING IN THE
CONSTELLATION

DS-Type I/II DS-Type /11 DS-Type I/11 DS-Type I/II




SYSTEM DESIGN OVERVIEW = e %

’ ADCS |
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* Three 12U Cubesats - (Relay Satellite) —L
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* SDR

e Inter-Satellite Optical Wireless
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) Channel SDR
* DaughterShip (DS-I & DS-II) | \‘
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SDR Antenna ¢ ) '\*' =/

e Four 6U Cubesats

MIIAR OBC - ( MIIAR OBC ‘
. Daughter ship Daughter ship
* Hyperspectral Imaging camera . Type-1 , Type-2 |

Hyperspectral / Thermal IR
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CONCEPT OF OPERATIONS

Launch of the DaughterShip CubeSat (Type | & 2) clusters in
high inclined orbit of Mars

Launch of the MotherShip Data Relay CubeSat (MS-DRS)
clusters in high inclined orbit of Mars

Initialization of OBC
Detumbling starts until the targeted orientation is reached

Initialization of the communication module and establish
connection with the MotherShip cubesat constellation in
range

Begin science missions

* Acquiring images from the two Hyperspectral camera
sensors

*  Pre-processing the data acquired using various
Machine Learning models as planned

Activates the SDR for transmission of data to the
MotherShip CubeSat constellation

The MS-DRS collects all pre-processed data sent by the DS
and share among the MS clusters to function as a
Distributed Deep Learning platform

Activates SDR for transmission of data to Earth through the
Deep Space Network

Areostationary
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* Funding 2
* Future work

* Finalizing of the design

e Building of prototype
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