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A

In less than 60 years of space flight, the world has

launched about 6500 satellites to space of which about

1000 are still operatin

The Economist (08/26/16)
T OneWeb 648microsatsfor communications
i SpaceX4425microsatsfor communications
T Googlexmicrosats20 for remote sensing
i Spire: 44microsatsfor observation
T BlackSky60microsatsfor remotesensing
i Boeing: 2,956nicrosatsfor communications
T X
Demandhasshifted from Government to commercial
groups.
Hawaii positioned for small space
i Dedicated small launch facility possible
T Greater payload to orbit from US site
T UH/HSFL infrastructure support for smedks
HSFL Objectives
I Foster an aerospace economy in Hawaii.
Provide catalyst for microsatellite industry in Hawaii.
Enable small launch opportunities from Hawaii.

Enable creation of higtech/high paying jobs for Haw
citizens. :




Examples: Planet
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ExamplesOneWeb

(O TOTAL COVERAGE

Internet to everyone,
everywhere on Earth

€ A REVOLUTION ——
IN SATELLITE
MANUFACTURING

No one has ever built a
satellite in one day... we
will build several every
day!

“— 9 GLOBAL LOW EARTH
ORBIT CONSTELLATION

’ Providing high-speed internet
connectivity equivalent to
terrestrial fiber-optic networks
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Examples: Solar Farms
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Large Aperture Syst
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Small Satellite trends
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Context for Autonomy

Formation Reconfiguration

Formation
Flying

Level of Coordination
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Decentralized Control
High level of Autonomy
High Precision

Future

Centralized Control
Ground Ops.

Low Autonomy
Low Precision



Next 20 years

A dautonomoussystems will reduce the cognitive
load on humangyiven the abundance of
iInformation that has to be reasoned upon in a
timely ¥ I a K Sn@ayferadd more agile space
robots will be better equipped to sense and
react to anomalies onboard, making them less
dependent on the ground crew ¢
- NASA Technology Roadm&4 (2015 2035)
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Evolution of computing throughpuor
space qualified processors

Processor Throughput
(MIPS)
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Image credit RHESE Project overview slides. Year



Current Satellite Software Architectur

Satellite Name  Buit by Purpose ADCS ADCS software ADCS CPU CPU MHz DMIPS
Dove 2b-9 Planet Labs EO MAI-200 monolithic NXP LPC1768 100 125
LAPAN A2 LAPAN EO custom monolithic SH7145 RISC 50 65
TET-1 DLR EO custom monolithic LEON-3 125 20
SPOT-7 EADS Astrium EO custom monolithic LEON-3-FT/SCOC 80 74
QB50P1 von Karman Inst. Tech demo Cube ADCS monolithic ARM Cortex-M3 48 60
MicroMAS MIT Earth Science MAI-400 monolithic NXP LPC1768 100 125
TechDemoSat-1  SSTL Tech demo SSTL-150 bus  monolithic OBC750 733 500
HiakaSat HSFL Tech demo custom distributed Tl DaVinci DM3730 1000 2000

Survey oADCS softwarm satellite missions for the past 5 years
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Monolithic vs Distributed (MAS)

Function Monolithic System Multi-Agent System

software development monolithic, centralized modular, distributed, scalable
add/remove components dynamically fixed, not possible flexible

data processing centralized centralized or distributed
geographic distribution centralized centralized or distributed

robustness to failures whole system fails partial system failure

plug-n-play fixed, not possible flexible to implement

scalability limited to single units  scalable, limit is data bus bandwidth

Monolithic Multi-Agent

Sensor 1

Sensor 2

<>
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Software Agents

“an agent is a computer system that is situated in some
environment, and that is capable of autonomous action in this
environment in order to achieve its delegated objectives”

— Weiss, Multiagent Systems, 2013

An agent is:
@ social (interact with other agents)
@ proactive (autonomous decision making)

@ reactive (sense and act)
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Software Agents

“an agent is a computer system that is situated in some
environment, and that is capable of autonomous action in this
environment in order to achieve its delegated objectives”

— Weiss, Multiagent Systems, 2013

- B!
It looks like you're
writing a letter,

An agent is: would you like help?
. . . L) Ge!:.help with
e social (interact with other agents) ciy i L
® Just type the
H . : letter without
@ proactive (autonomous decision making) hele
. [~ Don't show me
@ reactive (sense and act) |t tp again
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HiakaSaMulti-Agent Robotic System

Position Sensor Attitude Sensors Actuators
TR1 MTR2 MTR3

GPS Agent ST Agent IMU Agent TCU Agent

GPS M

Navigation Agent Control Agent

Sensor Data
Exec AgEI’It Actuator Data
Agent Data (UDP)
Hardware Drivers
ADCS Agents
Sensors
Actuators

meol |

Other agents

Radios/Ground
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HiakaSaHIL/SIL

Helmholtz Cage Motion tracking
system

Sun simulator

ADCS hardware
Satellite testbed

Air bearing
platform

Testbed control software
GPS

simulator
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