" “Universityof Z
g
Brmgmg Space Down to Earth as a Servme Utlllty ;, da |

Eur Ing Dr Malcolm I\/Iacdonald

S



Strathclyde

Glasgow

University of

77777777777777777777 Fundamental P”LiCS

fffffffff Engineering Science

Innovation,

Entrepreneurship, ‘'« BB .
Society & Policy Remote SenS|ng

,,,,,,,,,,, Space Technology,
& Transportation

CATAPU l-T % SPACE

Satellite Applications AGENCY it

Scottish

Centre of Excellence in Satellite Applications // lonad de Sar-mhathas ann an Goireasan Saideal na h-Alba




e
Universityof N&

Strathclyde
Glasgow

Created in-orbit infrastructure Participation is now opening up,

« content creators were few building on that infrastructure

 democratisation of access

e users consumed content

* USers generate content
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Low cost, responsive space missions
e Spacecraft become interdependent & specialised
o Capabillities enhanced & augmented as required
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Procure services or rent
hardware while In orbit

« Navigation
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Procure services or rent NS _ NN
hardware while in orbit —— . TN o

GALILEO

* Navigation

Image Credit: ESA
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Procure services or rent
hardware while In orbit

e Communications
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Procure services or rent
hardware while in orbit

e Communications

Image Credit: ESA



Underpinning this future is networked systems

— Ingluding, swarming, constellations,
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Engineering requires a
robust, repeatable, verifiable
and scalable behaviour

Army ants, which are blind, become detached from
colony and begin to follow each others pheromone trail;
strength of pheromone trail draws in other nearby ants.
Similar phenomena have been noted in

processionary caterpillars and fish.
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Reaction to external stimuli '
analytically optimised by
allocating resources within
the netv‘ork
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Allows engineered swarms to
rapidly manoeuvre in similar
fashion to flock of birds
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Identification of .
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http://dx.doi.org/10.1103/PhysRevE.89.032903
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Image Credit: Miguel Riopa
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Challenging conventional ideas & developing new conc
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Resilience of Networked System
operational

Markov chain approach to show iSL fail
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File-Based Operations
(end-to-end transfer)

| On-board Files

Remote Passive MW Sensing

with Cooperative NanoSats

Rapid repeat global coverage

TC Schedulesy
Housekeeping M

« Spatial resolution of 10km — 20km
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« Average hourly revisit time at 40° latitude . E

« Data latency to user <1 hour on average

Ground Filés

Instrument concept through to mission &
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Link Protocols
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Resource Considerate Routing

Novel routing algorithms at
| the network layer

 Consideration of network
bottlenecks to route
around congestion

Cost savings through ground/space
network reduction and/or
performance enhancement
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Space will be seamless
from orbit to ground

Terrestrial concept of service
utilities expands into orbit
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