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- Background & Architecture

Michael Trowbridge

Ground Segment Team Lead
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Colorado Space Grant Consortium ‘a
2]

1 NASA sponsored network of higher education
institutions and a foundation in Colorado charged
with inspiring students to work in the space industry

0 Students design, build and operate spacecraft




Slide 4

1 Show a team of students working here. Show some students working on hardware, in the clean room, etc. And maybe add a picture of

the Gnd RF station and the S-Band station (maybe on other pages if necessary). Drop the COSGC Logo.
Brian Sanders, 1/29/2013



Our Ground System ’% 28

nﬂ

1 Heterogeneous: more than one type of satellite

11 Hub-spoke architecture

O Remote sites link to central station

1 Uses L-3 InControl mission management software

O Custom extensions for TCP /IP commanding
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2 Add a bullet or talking point on the diversity of systems, simple hermes to more complext ALLSTAR.
Brian Sanders, 1/29/2013



Motivators
e

0 Variety in payloads/frequency bands

. F
1 Need more pass time

1 Cost
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Slide 6

3 money picture talks to the money part, but another picture of STK pass coverage over Boulder would be a good example of coverage
expansion (or specifically limiation) to typically only ~10-15minutes of downlink time per day for most of our missions.

Show an ALLSTAR bus as compared to a DANDE bus, perhaps in scale to pictorially show the challenges.
Brian Sanders, 1/29/2013



Architecture: Fall 2009 ,,%w
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Current Architecture ‘% 225
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- CAPEX: Primary & Remote Sites

Vignesh Muralidharan

Senior Software Developer
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Primary Facility ‘%

nﬂ

11 Terminals
1 Server
1 InControl

1 Internet Connection

communications
o : S - Telemetry-West
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Educational Costs ’%W

nﬂ

Terminals (x4) $500 (ea)

InControl No cost educational
Demonstration License

Internet “Free”. Provided by
university.

Server (x2) $500 (edq)

Total $3000

© 2013 Colorado Space Grant Consortium



Slide 13

Instead of covering the costs in detail, perhaps roll it up in to a typical University cost and a typical Industry cost. These are lower
value slides, IMO, than what you could talk about in the time provided. Example the server cost of 500 and internet cost probably isn't
the most interesting to most orgs. Dealing with the "Education demo license" is tricky. The main point is the flexibility and adaptablity

4

of the infrastructure.
Brian Sanders, 1/29/2013



Primary Site Costs ’% W

nﬂ

Terminals (x4) $500 each

InControl $109k for equivalent installation
Internet Variable: $45-$299 /mo.
Server (x2) $500 each

Total $112k
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Remote Sites "% W
nﬂ

1 Remote gateway
71 Internet connection

71 Ground radio

Remote

Gateway Antenna
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e e N
Common components Spacecraft-specific
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5 Would it help to show where in the data flow this computer sits. ie, connection to TNC, RF chain, etc.
Brian Sanders, 1/29/2013



Remote Ground Station Costs ’%W

nﬂ

Remote Gateway $300

Internet $40 per month
(Verizon)
Radio, Antenna, $10k (approx)

Amplifier Setup
Total $10.3k
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Software Development Costs

Bill Irelan

Software Architect / Senior Developer
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Starting with InControl ’%W
nﬂ

1 Includes user interface

1 Developers focus on mission-specific plugin

© 2013 L-3 Telemetry West, Colorado Space Grant Consortium



Roles of the Plug-in ’%W
nﬂ

11 Talks to the remote gateways
1 Manages the connection with the satellite
0 Parses satellite-specific telemetry and beacons

1 Puts telemetry into InControl

1 Homogeneous interface to heterogeneous missions

1 Generic plugin : can be extended for future missions

© 2013 Colorado Space Grant Consortium
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Telemetry Framework % i

mﬂ

1 Based on the Strategy design pattern
1 Encapsulates key software behaviors
O Easy to add new missions and behaviors

0 Using Strategy paid off — two late-cycle discoveries
O Only minor code changes

O Minimal regression testing needed

© 2013 Colorado Space Grant Consortium



Implementation of Strategy /%w

nﬂ

Datalngestor
Z<interface == Z<interface ==
Slicer Parser

+rmoreslicesExist): boolean | | +parseslice(bvte[ 1) boolean

+gethextslicel): byte[] &
= <implements == < <implerments = =
BinarySlicer TextLineSlicer BinaryParser ErrorLogParser
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- Deployment & Mission Operations

Quinn McGehan

Senior Software Developer
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Site Deployment ’% e

mﬂ

01 Procedure
O Install radio, RF chain (if needed)
O Ship a remote gateway to site
O Connect remote gateway to a radio and the Internet
O Power it on

O Walk away
01 All missions use same remote gateway (cookie-cutter)

11 Leveraging existing networks

© 2013 Colorado Space Grant Consortium
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Deployment Model Validation "%

mﬂ

11 Shipped a remote
gateway to
Albuquerque

1 Commanded DANDE
satellite over a cell -
phone link during
system and thermal

Alhuqerq
cycling testing New

Mexico
[2]

Map dats 82013 Google
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6 can we show a picture, talk to Kyle, of the set up in the AEF? This woudl be a powerful image showing the small footprint, students

working a a terminal, the server in Boulder and the satellite in the clean tent. This is your presentation money shot.
Brian Sanders, 1/29/2013



Alternative Internet Options /%w

mﬂ
1 ISP handles network

construction and Verizon Data $50
maintenance Plan [5]

1 Competition keeps DSL [3] $45
prices low WildBlue $50

o Buy what you need Satellite [4]

1 Internet service is an Business $199

interchangeble module  Ethernet [3]
T-1 [3] $299

© 2013 Colorado Space Grant Consortium
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7 Is this slide a major piece of the system, or is it simply a "utility" approaching a commodity, that anyone can get in the open market.

Definitely shows modularity but I think previous slides cover this too. Consider removing. Time is short and slide count is long.
Brian Sanders, 1/29/2013
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Mission Operations -
mﬂ

[] A” miSSion Opel‘dﬁons Ground Station Ground Station

are at one facility
O 1/3 personnel needed
O Easier training, policy

Mission
Operations

coordination

1 Remote sites: on-call
maintenance crew

w2 Engineering Units

B S (FLATSat)  Other Universities’
- A\ Ground Stations
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Doing More with Less by:
ﬂ
11 Lowering CAPEX at primary and remote sites

11 Leveraging existing technologies
11 Using modular hardware, common interfaces

1 Using design patterns and frameworks to
reduce new code for future missions

11 Concentrating operations to a single location

© 2013 Colorado Space Grant Consortium
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8 Perhaps add COSGC for the overall opportunity?
Brian Sanders, 1/29/2013
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- Questions?

© 2013 Colorado Space Grant Consortium



- Backup Slides
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- Case Study: AFRL Wi-Fi hotspot

Quinn McGehan

Senior Software Developer

Colorado Space Grant Consortium
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Motivation

-1 DANDE Environmental testing at AFRL
O No access to Wi-Fi/Ethernet for security reasons
O Did have access to Verizon wireless Wi-Fi hotspot
o1 Pros:
O Works anywhere there is 3G /4G LTE service
O Not hindered by information security issues
O No need for existing land line connection
11 Cons:
O More pieces in the data pathway
O Need data plan
O Increased developer time
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Expenses ’% tagiy
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1 Capital Expenses:
O Mobile Hotspot: $49.99 w/ 2 year contract
O New Server: ~$200

1 Operational Expenses:
O Verizon Service Plan: $20/month
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Results &

mﬂ

1 Successfully integrated Wi-Fi hotspot into data path
in laboratory

0 Initial system testing at AFRL was successful

1 Data path was not always reliable so it has not
been used extensively.

7 Moving forward:
O Decrease system complexity where possible

O Increase data path reliability
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