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Entrance Criteria

Establish System Requirements

— Present strategy for development

Acceptance Level Testing plan established

— Present strategy for ensuring requirements

System Architecture defined
— Present scenario-based diagrams

— Map requirements to spacecraft subsystem
architecture

Acknowledge and assess risk factors




Exit Criteria

System Requirements established

— Strategy for development presented

Acceptance Level Testing plan established

— Strategy for ensuring requirements presented

System Architecture defined
— Scenario-based diagrams presented

— Requirements mapped to spacecraft subsystem
architecture

Risks acknowledged and assessed

— Further analysis on-going




OC-Flight-1 Mission @

Overview

 OC-Flight-1 mission is in Phase A (Concept Development & Technology
Studies)

* Focus is on developing system requirements, system architecture, and
acceptance testing strategies

» To date we have developed:
* Implementation plan
o Concept of Operations

* Mission phases and interactions/activities of the system within
phases

o Established System Requirements
* Preliminary Hazards Analysis w/ Safety Litmus Test
e System Architecture
» Acceptance Testing Plan
e Current development:
e Subsystem Architecture



Mission Objectives @

Educate a dedicated team of students in NASA's approach to engineering space-based
vehicles.

Enhance the public’s understanding and general knowledge about NASA and the engineering of
space-based missions through public seminars and workshops.

Enhance mentoring, leadership, & domain expertise of IV&V workforce

Establish an IV&V approach for university-built technology demonstration missions where it is
perceived that these types of missions may lack formal engineering artifacts.

Develop a reusable space system (ground system, space-based vehicle, and payload) using off
the shelf components that can be utilized on future increments

 Measure the magnetic field of the Earth

Minimum Success:

« Students demonstrate working knowledge of NASA's engineering approaches in building
and operating a flight system for space

 Employees of the NASA IV&V Program demonstrate enhanced mentoring, leadership,
and/or domain expertise in space-based missions



Implementation: Where We Are @

v

« Phase A - Concept Development & Technology Studies
— OC-Flight-1 System Requirements, System Architecture, & Acceptance-level Testing
— Milestone = System Reguirements Review (SRR)
 Phase B - Preliminary Design
— OC-Flight-1 Subsystem Requirements, Designs, Interfaces, & Integration Testing
— Milestone = Preliminary Design Review (PDR)
 Phase C — Design & Manufacturing
— OC-Flight-1 Final Designs and Interfaces
— Milestones — Critical Design Review (CDR) and Systems Integration Review (SIR)
 Phase D — Systems Integration & Test
— OC-Flight-1 testing results and integrated system
— Milestone = Safety and Mission Success review (SMSR)
 Phase E — Operations
 Phase F — Decommissioning




Development Schedule

|atr 1, 2012

|otr2, 2012 [otr3, 2012 [Qtr4, 2012 [Qtr1, 2013

|atr2, 2013

| atr 3, 2013

| atr 4, 2013

Oct [Nov|[Dec| Jan [Feb[Mar [ Apr [May] Jun | Jul [Aug[Sep| Oct [Nov[Dec| Jan [Feb|Mar [Apr [May[Jun | Jul [Aug[Sep| Oct [Nov|Dec|

P 65%

Task Hame - | Start - | Finish _ |Predece |Qfr 4, 2011
1 |- Pre-Phase A Tue 10/25/11 Thu 7/12/12
2 Develop Increment 1 Concept of Operations Tue 10/25/11  Sun 1f15f12
3 Develop Increment 1 Implementation Plan Tue 10/25/11 Mon 11/14/11
4 Amateur Radio License Tue 10/25/11  Thu 7/12f12
5 |-l Phase A Mon 12/19/11 Fri12/28/12
6 - Develop System Requirements Mon 12/19/11 Wed 6/6/12 2
7 Seperation & Acquisition Mon 12/19/11 Fri 1/20/12 2
8 On Orbit Checkout Mon 1/23/12  Wed 2/29/12 2
9 Operations Thu 3112  Fri4/20/12 8,2
10 Decommissioning Mon 4/23/12  Fri 5/11/12 9,2
1" Performance Mon 2f6/12  Wed 6/6/12 10,2
12 Develop System Architecture Thu &/7/12  Fri 10/19/12 &
13 Develop Acceptance Level Testing Mon 7f8/12  Fri11/2/12 &
14 System Requirements Review (SRR) Thu 11/8/12  Thu 11/8/12 6,12,13
15 Establish Testing Fadilities & Equipment Wed 2/812  Fri 12/28/12 2
16 |- Phase B Preliminary design Thu 1/3/13 Thu 3/28/13 5
17 Develop Subsystem Requirements Thu 1/3/13  Thu 1/24/13 &
18 Develop Subsystem Designs Mon 2/4/13 Fri 2/22/13 17
19 Develop Subsystem Interface Control Documents Mon 2,/25/13 Fri 3/8/13 12
20 Develop Integration Testing Mon 3/11/13 Fri 3/22/13 19
21 Develop Ground System Mon 2/4/13 Fri 3/22f/13 &
22 Preliminary Design Review (POR) Thu 3/28/13 Thu 3/28/13 17,18, 1
23 = Phase C Design & Manufacturing Mon 2/25/13 1on 5/13/13
24 Finalize Designs and Interfaces Mon 4/1/13  Thu 4/11/13 22
25 Fabricate PCBs Fri4/19/13  Thu 5/2/13 24
26 Wiring and Structures Fri4f12/13  Thu 5/2/13 24
27 Software Development Mon 2,/25/13 Fri 4f12f13 18
28 Unit Testing Mon 4/22/13  Fri 5/10/13 27
29 Critical Design Review (COR) Thu 4/18/13  Thu 4/18/13 24
30 System Integration Review (SIR) Mon 5/13/13 Mon 5/13/13 28
31 = Phase D System Integration and Test Mon 3/25/13 Thu 7/25/13
32 Integrate Subsystems Tue 5/14/13  Mon 6/10/13 30
33 Finalize Integration Tests and Acceptance Tests Mon 3,/25/13 Fri 4/19/13 20
34 Integration Testing Tue 6/11/13  Thu 6/27/13 33,32
35 Acceptance Testing Frigf28/13 Thu 7f18/13 13,33,3
36 Safety and Mission Success Review (SMSR) Thu 7/25/13  Thu 7/25/13 35
37 Ship Spacecraft & Integrate Fri 7/26/13 Fri&/2/13 36
38 Launch Mon 8/5/13  Mon 8/5/13 37
38 Phase E Operations Tue 8/6/13 Mon 11/25/13 38
40 Phase F Decomissioning Tue 11/26/13 Mon 7/28/14 39
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OC-Flight-1 Process Approach & Products

Adapting NASA procedures (e.g. 7120.5, 7123, 7150) and guidelines (e.g. GOLD)
— We are a Class D mission relative to NPR 8705.4 “Risk Classification for NASA Payloads”

Adapting a MBSE approach (using a modification of SysML)

Pre-Phase A:
Concept Exploration

Phase A: Concept
Development

Phase B: Preliminary
Design

Phase C: Design &
Manufacturing

Phase D: Systems

Integration & Test

Operational Phases with supporting scenarios

Implementation Concept of describing how the flight system and ground
. system work together across mission phases
S Pl for launch, critical activities, science
Template from 7120 Outline from 7120 & 7123 ! !

observations, and end of mission to achieve
the mission.

SEE Next Slide studies using STK, GMAT, SPENVIS, tracking & comm (predict)

|
Subsystem Requirements (elaboration of requirements diagram) e ——

Subsystem designs & I/Fs (elaboration of behavior and structure diagrams) in parallel
Integration Testing (utilize reqts diagram for tracing, test plans, P/F) |

Final Designs (including PCB files) & Fabrication

Software Systems (currently Arduino devp environment on Windows platform)
Ground Systems

Unit testing (within the Arduino devp environment)

Integrated System
Integration Testing & Acceptance Testing Results




Concept of Operations

n Orbit Checkout Phase
- Battery healthy & charging rates consistent
- Communicaticons (Up/Down) established
- Subsystems are healthy
- Uplink/Downlink & Science schedules established
- Attitude stable for comm, power, & sclence
- Health & Status acquired by Mission Operations

- Survive launch

- Solenoid actuator spring-deployed separation

- Antennas deployed

- Spacecraft acquired & tracked by NORAD

- “I'm Alive” beacon acquired by Mission Operations
- Mission Operations projects orbit/downlink passes

rations Phase (polar orbit. 310 km|
- Sclence Acguired (Magnetic field)
- Science packets acquired by Mission Operations End of Lif
= Health & Status acquired by Mission Operations [_.ré rnunthesj

- Systems updated, reconfigured, schedules adjusted
- System fallures predicted and avolded

L —tdission Elapsed Time = 1 day——

CC-Flight-1 Spacecraft

NORAD - Acquire & Track OC-Flight-1 Spacecraft

Launch Phase (Interorbital Systems)
= Pacific Ocean launch

- Summer 2013

- Launch characteristics (TBD)

- spacecraft powered OFF

h I_F'nw J
r, subsystems, &

Updated NORAD Two Line Elements (TLEs)

Decommission Phase

- Subsystems powered off
- batteries depleted

- sfc disintegrated

communications healthy

7

- Amateur Radio Band (435 — 438 MH2]
= - I'mi Alive Beacon (Morse Code)

/ Health & Siatus Telemetry (Morse Code)
/ Science Telemetry
’ _/— Uplink (comm schedules, Commands, Software patches)

e

I'm Alive Beacon
- Power levels

- Charging Rates
- Location

Morth American Aercspace Defense
Command (NORAD)

- Acguire and Track OC-Flight-1

- Publish Qrbital Parametars as TLEs

OC-Flight-1 Mission Concept

Development & Operations Team
(NASA IVEY Program & W)

- Missicn Planning (schedules, system updates)
- Communications with OC-Flight-1

- Health & Status receipt through website

- Science data, pleture data publication

- Cirbit & attitude simulated



System Interactions

Earth/Space

Rocket

System Architecture

Telemetry

Amateur Radio
Band
AX-25 Protocol

Cmds & Tables

Web I/F

teur Radio Band
A -25 Protocol

Web I/F
Email

Email

L e\

Knowledge

IV&V Employees & Students Dedicated HAM Operators

Request/Receive
MAG data

Scientist & Engineer



System Interactions

System Architecture

Telemetry

. Cmds & Tables

Rocket

Web I/F
Email




System Requirements Breakdown &

wrequiraments

— System Requirement

@ — Notional Solution

— Hardware Solution

— Acceptance Level Test

- — Software Solution

12



System Requirements for OC-Flight-1

req System Raqulremnbs)

arequirameants

H OC-Flight-1 System Requirements

]

arequirements
Knowledge Management

arequirements
Provide Science Data

urequirements
Standards & Laws

urequiremeants
Acquiring Data

Text= The systam shall
enhance the domain

Taxt= The systam
shall provide scientific

Text= The systam shall
adhers to FCC regulations

Text= The systam
shall sense the

arequiremeants
Environments

Text= The systam
shall cperate for 3
maonths in the space
environment and Earth
emronments

ld=Sy= 5.0

Increment 1 is the first mission of the Space Flight Design Challenge. The concept is to
develog a space-basad mission providing hands-on engineering expenence in order to
maintain and enhance the skills and capabilities of the workforce and area students, The
space-basad mission is to be low cost utilizing off the shell componants that can be a

testbed to rapidly mature innovative technologias.

The space-based vehicle is a8 spacecraft kit called a Tube3at that utilizes amateur radio

requencies Lo communicate with ground

Ohbjective 1: Enhance domain knowledge of employees and students

Ohjective 2: Study magnetic field of the Earth

Ciyjective 3; Develog reusable system components that are low cost and operate in LEQ

[

knowledge of parficipants & engineering data 1o (2.9, communications) and magnelic fiekd while
Id=Sys_1.0 the public international standards and operating at 300 km in
Id=Sys 2.0 FAA laws altitude
Id= Sy= 3.0 Id= Sys 4.0
OVERVIEW

13




Sys 1.0 Knowledge Management Requirements

req Sys_1.0 Knowledge Managerr-enu

wrBgUirements
g Knowledge Management sraquiraments
Text= The system shall EB—| Participant Safoty
anhance the domain Texi= The systam shall
knowledge of pariicipanis ensure paricipants are
sreguirements Id= Sys_1.0 trained and have adequate
Measure Knowledge understanding for how to
Text= The system shall 1 Eeui'?;;:;"_";'; participating
detarmine the gain in Id=15
knowvledge acquired by
parficipanis
Id=1.1 sraquiraments wraquirements
ﬁ : Awareness Training Time:
|
i | Text= Thie system shall Texi= The systam shall not
| | make potential participants consume the participants full time
H | aware of opportunities that in a work week (i.e. participation
_____ aderiven .-‘cigrimx.______l could enhance knowledge & is & training opportunity and not &
| v skills full time job)
srequinements sraquinements Hdd= 1 T ld=1.4
Negative Gain Secure Information L____wderives -
Taxt= The system shall determine Texi=Knowledge gained | -
why and make adjustmeants if a (positive or negative) shall not - \ wrBguIrements
negative gain in knowledge is be atfributed to specific erequiramants Approaches
being realized individuals Enhancement Category Taxt=The system shall
lé=1.1.1 ld=1.1.2 Text= The system shall be able utilize a mixture of
to determine if a participant can approaches for enhancing
enhance their domain knowlednge (2.0, texthook,
knowledge andior mentonng! hands-on)
leadership capabilities If they ld=173
wera (o participate in this project
Id=121

14



Sys_1.0: Knowledge Management &

— System Requirement |
[ ] SvstemRed

wrequirements Cuestionnaire for ¢ 5 - Notional Solution
Measure Knowledge stionnai onboard e
> g ~ Hardware Soluti
Text= The system shall detarmine the gain in " surveys for workshops ardware Solution
Tdnfr;“g& scquired by partidpants SEMNAE - - Software Solution

’ — Acceptance Level Test

sragquirements
Negative Gain

Texl= The system shall determine why and
make adjustments if a negative gain in
knowiedge is being realized

ld=1.1.1

Analyze results and
gauge hands-on
interaction while

planning adjustments. if

Mecessany

Cuestionnaires

L J

wragquiraments
Secure Information

k

Texi=Knowladge gained (positive or negative)
shall not be attributed to specific individuals

Id=1.1.2
racjuirement
“Aiareness ’ w{’fkﬁhﬂp
Presentations/Posters,

Text= The system shall make potantial
participants aware of opporiunities that could
enhance knowledge & skills

ld=1.2

MNewslatters, Digital
Signage, Social Media,
Campus Visits

v

wraquirements
Enhancement Category

Texi= The system shall be abla
o determine if a participant can
enhance their domain knowledge
andior mentoringleadership
capabilities if they ware to
participate in this project
Id=1.21

Detailed explaration of
subsystem invohemeant
o project management/
team lead opporiunites

L

15




Sys_1.0: Knowledge Management

>

b i-,v‘.

araquiremeants
Approaches

Text=The system shall utilize a mixture of approaches for
enhancing knowledge {e.g. textbook, hands-omn)
Id=1.2

e j — System Requirement

N\

2 — Notional Solution

o~

— Hardware Solution

- - Software Solution

’ — Acceptance Level Test

sraguiraments
Training Time

Texi= The systemn shall not consume the participants full
fime in & work week (i.e. participation is a training
oppartunity and not a full time job)

ld=1.4

k4

Taxtbooks for theory & best
praciices, hardware/software
integration for hands-on
EXpEAENCeE

Mo formal commitment

sraguiraments
Participant Safety

Texi= The systemn shall ensune participants are trained
and have adequate understanding for how o be safe while
participating in this project

ld=1.5

(Mo WEBS, e, voluntears)

Safety training/debriefs

of hazards, equipment,
and proper procedure

16



Sys 2.0 Provide Science Data Requirements

req Sys_2.0 Provide Science Data )

arequirements
Provide Science Data
| Text= The system shall Ly |
* provide scientific & il wrequirements
engineering data to the public Value Added
Id=Sy=s 20
Text= The system shall obtain
areGuirements & EP acknowledgement the data
Request for Data was received and was useful
n
Text= When requestad, the Fdr= ga
systam _shall provide data in arequirements
;ecljic;rulnlc format Duratian
Text= The data shall be available to
"T‘ A — the public for 1 year after mission
aderivan completion and then archived
E lé=2.4 arequiremeants
raquir;mant Web Interface L derives
“rey! " arequirements . araquirements
Public Release Timely Response L?J: 'dl':; ?_ngt‘;:gﬂu 508 Compliant
Text= The system shall receive Text= The systam shall through a web interface Text= The interface shall be
authorization (form 1676) prior 1o respond to requests ld= 2.2 compliant with section S08
releasing data within 1 month : Technical Standards “Web-based
Id=2.1.1 Id=2.1.2 ‘T‘- ! . Intranet and Intermet Information
I “*ﬂﬁ":va“ and Applications (1194 22y
} ! lg=221
- wderlven |
! W
arequirements arequirements
Authentication Corrupted
Text= Orly authenticated Text= Integrity of the data shall
users shall access the be maintained when available
sysiem to the public
ld=222 Id=22.3

17



Sys 2.0: Provide Science Data

e j — System Requirement

\\\\\\\\\\

2 — Notional Solution
-y

— Hardware Solution
- - Software Solution

’ — Acceptance Level Test

erequiremeants
Request for Data

Email data to public

Text= When requested, the system shall provide > when requested
data In electronic format
Id=2.1
arequirements
Public Release Provide: link on
websita 1o amall
Text= The system shall receive authorization > form 1676 for
iform 1676) prior 1o releasing data ey e
Id=2.1.1
arequirements
Timely Response 1 manth for
- webmaster o
Text= The system shall respond o requests send data sets
within 1 manth data set TBD)
Id=21.2
wrequirements
Value Added
ue Briaf sunvey sent via email
Text= The system shall obtain - to public requesting data 1
acknowledgement the data was received and month after data sent
was usalul or not
| Id=2 3

18



Sys 2.0: Provide Science Data

arequiremnents
Web Interface

Id=22

Text= The public shall make data requests
through a web interface

Website through WWSGC
that allows structured

srequirements
508 Compliant

Text= The interface shall be compliant with section
508 Technical Standards “Web-basad Infranet and
Internet Information and Applications (119422
ld=2.2.1

dataseis fo be requested

by the public

Webmaster
ensuras 508

srequirsments

Authentication
Text= Only authenticated users shall access the
system
=222

srequirements
Corrupted

Text= Integrity of the data shall be maintained
when available to the public
Id=2.2.3

mpliant website

Yerify users have
submitted form 1676
completely and corractly
with requested data

Webmaster

arequirements
Duration

Text= The data shall be available to the public
for 1 vear after mission completion and then

archived
=24

ensures data is

Webmaster
allows data to

k 4

be requested
for 1 yr

— System Requirement |
[ ] SvstemRed

e A%
C ) — Notional Solution

\ ~
s

— Hardware Solution
- - Software Solution

’ — Acceptance Level Test

19



Sys 3.0 Standards & Laws Requirements

Sys_3.0 Standards & Law ) &
Y- anea y "’ srequinemants
Standards & Laws
Text= The system shall adhera to
wrequirements FCC regulations (e.qg.
Transmission communications) and international
- standards and FAA laws an
Text= The System shall transmit directly 1o the system’s Id= Sys_3.0
dedicated amateur ground station. |t shall not transmit - arequiremants
information intended for reception by the general public, i Disintegration
this is broadcasting and is prohibited in the amateur
service, Taxi= The spacecraft shall
Id= 3.1 digintegrate in the Earth's
atmosphere such that no particles
M ‘T" make it to the surface of the Earth
! Id=3.3
- — e —udariver -
| |
i i
i i
i i
I I
I I
i i
I i
srequirements | -
Free & Clear ! arequiremeants
arequiremsnts Dependable Earth Stations
Text= All transmission must be in “plain No Interference
language” { 1} technical descriptions of all Texi= The system shall have sufficient
emissions, codes, and formats are publichy Text= The system shall not jam the and dependable Earth stations as to
available; and (2) technical descriptions must airways with continuous signals such be at:-le_ to shut off Ispaﬂe-bﬂsec!
be sufficient to enable any technically that other communications by HAM transmitters that might be causing
competent licensed amateur radio operator o operaiors is continuously inhibited for interferanca. (e.g. ane Earth station is
use the system. durations langer than 10 minutes (TBR) not encugh).
Id=3.1.1 Id=31.2 Id=32

20



Sys 3.0: Standards & Laws

sreqguirements
Transmission

Text= The System shall transmit directly to the
sysiem's dedicated amateur ground station. It shall
naot transmit information intended for receplion by
the general public, this is broadcasiing and is
prohibited in the amateur service.

ld=31

~ System Requirement

Q — Notional Solution

— Hardware Solution
- - Software Solution

’ — Acceptance Level Test

creguirements
Free & Clear

Text= All transmission must be in “plain language” {1}
technical descriptions of all emissions, codes, and formats
are publicly available; and (2) technical descriptions must
ba sufficient to enable any technically compatent lcensed
amateur radio operator 1o use the systam.

Id=3.1.1

arequiremants
Mo Interference

Text= The system shall nat jam the airways with
confinuous signals such that other communications by
HAM operators is continuously inhibited for durations
longer than 10 minutes (TBR)

Id=3.1.2

L
@



Sys 3.0: Standards & Laws

e j — System Requirement

N\

2 — Notional Solution

o~

— Hardware Solution
- - Software Solution

’ — Acceptance Level Test

arequirements
Dependable Earth Stations

Text= The system shall have sufficient and g Estabiish 2 url_ more ground

dependable Earth stations as lo be able to shut off
space-basad transmitters that might be causing
interference. {e.g. one Earth station i not enough).
Id= 3.2

srequirements
Disintegration Structural build of the s/c

Text= The spacecraft shall disintegrate in the Earth's ensures disintagration
aimosphere such that no particles make it o the
surface of the Earth

Id= 3.3

22



Sys 4.0 Acquiring Data Requirements

req Sys_d4.0 Acquiring Dah)

arequiremeants
Acquiring Data EB_l
Taxt= The system shall sensa

*H the magnatic fiald while
operating at 300 km in altitude

arequirements
Engineering Measurements

Taxt= The system shall collect
enginearing data on a predetermined

- ld= Sys 4.0 schedule {s/c location, sic power
srequiremants ys_4. levelsirates, subsystem status) so that
LV Constraints ﬂj 5 s/c performance can be characterized
o Text= The system shall lé=4.3 :
*H comply with TubaSat I dorive
. . L 1]
s.pv_ecmcatmns arequiremants i
Id=4.1 Science Measurements '
i
2 Text= The system shall - W
measure the magnetic «raguirament:
cr@guirements rcr?quimmantu field with a resoluticn of Data missed
Safety Accidental Power arequirements IIEDElmrne'lers relativeto jerves Taxt= The system shall determing
Text= The systam Text= Tha systam Space to Ground Comm I:!El 49 ~ | when meas!.lrarr'ﬂn_t‘_s. are missed
shall not cause any shall not accidentally - and i:!eualmlne addltu?nal measures
hamm 1o engineers that power on while being Text= The system shall T T that fill the gaps of missed data (e.g
integrate components integrated irto launch utilize the amateur radio ederives---——--- Lo, based on some science schadule)
together of into the vehicle or any time bands for communications ! 4 : ld=4.2.4
launch vehicke prior o gelting into :Eh;'zen ground and | “ '3'!"“3”
Id= 4.1.1 orbit Ny ! T S — ,
Id=4.1.3 ! . v
: | .
| i arequirements
W r&quigmsnt Self Healing
: arequirements # "
«raquirements e ; Sensor Location Text= The system shall be
h Sensor Orientation | /
Survive Launch E—— p able to identify when
Text= The system Tent= The system shall ext= The system sha subsystems are failing and
shall survive the correlate the orientation of the | | correlate the location of coirect behaviars 1o suslaln
ascent into Space sensor for each magnetic field the sensor relative to the data acquisition
Ided.1.2 P measuremeant Earih for each magnatic ld= 4.2
- Id=4.2% fiald measurement
Id=4.21

23



Sys 4.0: Acquiring Data

e j — System Requirement

\
J:) — Notional Solution

o~

— Hardware Solution
- - Software Solution

wrequiraments
LV Constraints

’ — Acceptance Level Test

Text= The system shall comply with TubeSat >
spacifications
Id= 4.1
arequirements
Safety

Text= The system shall not cavse any harm to engineers
that integrate components together or into the launch
vehicle

Id=4.1.1

arequiremeants
Survive Launch

Text= The systam shall survive the ascent into spacea

Ild=41.2
arequirements
Accidental Powar
Text= The systam shall not accidentally power an while > Eﬂ'ﬂtﬁﬂl l':’lag mmill
being integrated into launch vehicle or any time price to i
getting into orbit

| Id=41.3

24



Sys 4.0: Acquiring Data

— System Requirement
(r.j"\,-.\

G ) — Notional Solution

P

— Hardware Solution

- - Software Solution

wrequirements
Science Measuraments

’ — Acceptance Level Test
Magnetometer

Teut= The system shall measure the magnetic field
with a resclution af 100 metars relative to Earth

Id=4.2
afequUirement s
Sensor Orientation
Text= The system shall correlate the orientation of the > Inertial Measurement Unit
sansor for each magneatic field measurement
Id=4.232
afequUirement s
S Locati
ensor Location NO TLEs
Texut= The system shall correlate the location of the sensor {updated weekly)
relative 1o the Earth for each magnetic fiedd measunamernt
Id= 4.2 1
afequUirement s
Self Healing
Texut= The system shall be able to identify when
subsystams are failling and comect behaviors to sustain
data acquisition
ld=4.23

L

arequirameanits
Data missed

Taxt= The sysiem shall determine when measuraments
are missad and determine additional measures that fill the
gaps of mizsed data (e.g. based on some science
schedule)

Id=4 2.4

@




Sys 4.0: Acquiring Data

— System Requirement |
[ ] SvstemRed

('_JH\’_‘\
G ) - Notional Solution
S

— Hardware Solution

- - Software Solution
’ — Acceptance Level Test

eraguirements
Engineering Measurements

Text= The system shall collect engineering data on a
predetermined schadule {s/c location, sic power - Battery + Solar Calls
levelsirates, subsystem status) so that sfc
performance can be charactenzed

ld=4.3
sregUiremeants
Data missed
Text= The system shall determine when
measuremeants are missad and determing additional *
measures that fill the gaps of missed data (e.g. based
an some science schedule)
ld=4.2.4
srequirements
Space to Ground Comm
Text= The system shall utilize the amateur radio > mE M Tﬁh‘EITI'Hﬂ” mlwﬁanwl “I
bands for communications between ground and (70 cm )
space
| ld=4 4




Sys_5.0 Environments Requirements ash

req Sys_5.0 Emrirunn'hents)

arequiremeants pre—-
. equiremeants
Environments Orbit D
. Taxt= Tha system shall
B Uiremenis . Taxt= The system shall
Radiation gpp:gz;iﬁnr:nﬁ:rzr:gtm know when the orbit can
Text= Total lonizing Dose (TID) and Single Earth envirenments - chlluﬁnger be sustained
Event Effects (SEE) for 310km in altitude and Id=Sys 5.0 i '
90 degrees incliration shall be determined and
dEE-lQI'IEd for & [ax]
Id=5.1
arequirements
| Ground Weather
srequirements .
Thermal arequiremeants Taxt= Any ground systems shall
Mear Vacuum operate in extreme weather conditions

Text= Space systams shall - : on Earth such as snow storms,

operate in thermal extremes Text=Space EFE[;TD'E“hS“ ﬂg”f'm In . lightning, heavy rain

between 300k and 1400k Pressures aroun a (Pa = pascal = Id= 5.4

Id=52 I1 Mewton per square meter)

d=53

27



Sys 5.0: Environments

arequirgments
Radiation

Text= Total lonizing Dose (TID) and Single Event
Effacts (SEE) for 310km in altiiude and %0 degrees
inclination shall be determined and designed for
Id=51

arequirements
Thermal

Text= Space systems shall operate in thermal
exiremes between 300k and 1400k (TER)
Id=52

arequirements
Mear Vacuum

Text=5Space system shall operate in pressures
around 10 Pa (Pa = pascal = 1 Newton per square
meter)

ld= 5.3

L J

arequirements
Ground Weather

Text= Any ground systems shall operate in extrems
weather conditions on Earth such as snow storms,
lightning, heawy rain

Id= 54

arequirements

Orbit Decay

Text= The system shall know when the orbit can no
lenger be sustainad
Id=55

Realized Risk

STK Model

e j — System Requirement

N\

G ) - Notional Solution

o~

— Hardware Solution
- - Software Solution

’ — Acceptance Level Test
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Acceptance Level Testing é:{

o AL Test #1: Knowledge Survey Analysis

— Analyze responses to development team
guestionnaires,

— Tally results of pre/post workshop surveys
AL Test #2: Awareness Assessment

— Spot checks for digital signage
— Gauge interest level in workshops and school visits

o AL Test #3: Approaches Assessment

— Ensure textbooks/documentation are made readily
available for architecture devp, programming
techniques, and hardware components



Acceptance Level Testing é:{

AL Test #4: Workload Evaluation

— Evaluate individual workload to ensure
manageable levels and shift loads if necessary

AL Test #5: Safety Evaluation

— Evaluation of proper techniques /procedures and
potential hazards prior to lab usage

AL Test #6: Delivery Receipt Log

— Delivery receipt sent and logged by email system
when requested data is received by users

AL Test #7: Website Functionality Test

— Extensive testing of website to ensure all required
capabilities are functional



Acceptance Level Testing é:{

AL Test #8: Website Compliance Test

— Tests/checks to ensure website complies with 508
Technical Standards

e AL Test #9: Scientific Value Survey Analysis

— Survey given to assess the scientific value gained
by users receiving the data

e AL Test #10: Day-in-the-Life Test (DITL)

— Full-mission bench test of system ops, telemetry
comm, and data collection/correlation

— Simulated TLE’s generated on ground station

— Evaluate tumbling comm effectiveness



Acceptance Level Testing é:{

e AL Test #11: Continuous Transmission Test

— Bench test to ensure comm break after 10 mins of
continuous data transmission

AL Test #12: Ground Station Back-up Test

— Outdoor comm tests to ensure both permanent
and back-up ground stations are functional

o AL Test #13: Analytical Analysis of
Disintegration Energy

— Calculate min size rock that could hit the earth at
given orbital parameters (>>10cm”3)



Acceptance Level Testing é:{

e AL Test #14: Physical Measurements

— Each dimension of the OC-Flight-1 s/c will be
physically measured to ensure design
specifications are met

e AL Test #15: Visual Inspection

— All metal and PCB components will be visually
inspected for sharp edges/burrs and filed/sanded
when discovered prior to shipment of s/c

e AL Test #16: Vibrations Test

— Sine sweep and 3-axis vibrations testing will be
performed on assembled s/c from 20-1280 Hz and
40-2000 Hz for 30sec and stepping by factor of 2



Acceptance Level Testing

o AL Test #17: Power Switch Reliability Test

— Statistically sufficient number of tests to ensure
confidence in reliability of power switch

— Cold testing of power switch held at sub-zero
temperature for 45 mins (worse case)

e AL Test #18: Transceiver Test

— Bench testing of transceiver and ground station
comm using AX-25 protocol

o AL Test #19: Payload Test

— Bench testing of payload devices taking
measurements and writing data to micro-SD
memory



Acceptance Level Testing 6»:1

e AL Test #20: Low Charge Test

— Bench testing to ensure software turns off payload
subsystem when voltage reaches cut-off limit

e AL Test #21: Thermal Bake-out Test

— S/c will be tested in a near vacuum environment
with temp increasing from ambient to 70° Cin
timed intervals

— Max temp held constant for 1 hour

— Temp decreased back to ambient in timed
intervals



Acceptance Level Testing 6»:1

o AL Test #22: Sounding Rocket Testing

— Fully assembled and equipped s/c ejected from
rocket at ~160 km

— Payload operation testing in upper atmosphere
— Long distance transceiver/ground station testing

— Tumble and charge profiles recorded to gain a
better understanding of deployment dynamics
and power availability



System Architecture e

e Scenario-based sequence diagrams for each
phase

— Separation & Acquisition
— On-orbit Checkout
— Payload Operations

 Shows subsystem interaction relative to each
other

— Launch vehicle, spacecraft, MOC(s), NORAD



Separation & Acquisition Phase
Goal: (1) Survive Launch (2) Find Spacecraft

Launch Vehicke Spacecraft

NORAD

MOC

clear launch tube

LW Characteristics (TBD)

Deploy antennas
Start Mission Timer

L

Jetlison sic

charge battery

can't sustain
I'm Alive
power beacon
can sustain
I'm Alive
beacon
L
subsystems
not healthy

I'm Alive Beacon
Call sign subsystems

Power Levels healthy

powwer subsystems
neaded for I'm Aliva
Beacon || Diagnose

Acquire OC-Flight-1

Track OC-Flight=1

Publish QC-Flight-1
TLEs

Amateur Radio
Operators

Acquire TLEs
from MORAD

Charge rates
Location {how to synch
lecation with measurements)

Build I'm Alive
Diata Packet

Tx I'm Alive
Beacon

Time = 1 day

Stop Tx of
I'rlr?pAIIve Beacon

Get
beacon

data from
web site

Project orbit

Update uplink &
downlink schedules

{complete transmission
If time expires during Tx)

This is the connection to the
scenarios from concept of
operations (The state machine
connects the scenarios already
developed with the system
level information)
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On Orbit Checkout Phase
Objective: (1) Battery charged & charging rates consistent (2) Communications Healthy (3) Uplink/Downlink Schedules established (4) subsystems healthy (support OPS)

Spacecraft MNORAD MO Amateur Radio
Operators
|
y
Y
Charge batiery

Power sufficient

Maonitor charge
rates

Publish OC-Flight-1 uire TLEs

Praject orbit
Uggglca uplink/dewnlink
schedule

Build uplink packet{s)

(a) when Tx/Rx times cccur
i) reconfiguration of subsyster
() force transitions

Determine health
Of subsystems

Search for Uplink
Acquire Uplink
Powered

Mot healthy Pracess Uplink

(a) update Tw/Rx Schedules
(b) subsystem config params
() force reset || transition states
Transmit UL data
R Off

Mat powearad

Power
subsystemns

Wait for

stability

Diagnose & fix
subsystem

Receive H&S
Telemeatry

/ Based on Tx schedule

hi
Component building
H&S packel needs checked
In case it fails, we widn't
See a H&S packet and then
Cldn't diagnose

TxOn

or WAIT if receiving)
Rx OFIg

(if ON)

Get H&S
data from -
wieb site

D 58
Health & status

=
=
=1

T Off
Rx On (if was ON)
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Uperations Fhase

Ohbjective: (1) Science data received on ground {2) Communications between spacecrafl (3) Subsystems updated & up/downlink schedules adjusted
{4} Failures are predicted and avoided

Spacecraft MOC Amateur Radio
Operators

Acquire TLEs
from NORAD

Charge battery &
Manitar subsystems

Learn failures &
good behaviors

Failure Oceours

Based on en
Tx schefule Comménded

Power sufficient &
Scheduled for Uplink

l'iiiilllllll
(e WAIT if Tx)

Search & Acqui
Coing, & Aoauire

Project orbit
Update uplink/downlink
schedule

Payload, Camera,
& Wireless device
Configured

Build uplink packetis)
{agadjust UL/DL schedules
reconfigure subsystems
(] force phase transitions.
|d) command subsystems

Failure
Avolded

Diagnose & fix

subsystem Transmit UL data

Process Uplink ™

(&) update TxRx Schedules
Update H&S |b} subsystem corfig params
Packets {c] force reset || transition states

d} process commands J

Tx On |g)r WAIT if receiving)
Rx OFF {if ON)

Tx H&S |
Science data
Tx Off

Fox On (if was ON)

Receive HAS ||
Science Telemetry

r Receive H&S ||
Science Telemetry

Orbit decay doesn't
Indicate deplete
batleries

Getdata
from
web site

3
Comm with
Ciher

Magnetic field
measured spacacraft

( Update H&S packets ]

L]

[ Update science packets J

—
Emgas mn]

Diagnose
Health & status

Orhit

acay
Indicates deplate
batteﬁps

Power up or power down
To deplete batteries
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Hardware Architecture

Radiometrix TR2ZM RF
Transceiver

1
Audio Lines

1.2 kBps AX.25 protocol
]

Arduino Mini 04
(SPI Master)

SPI Bus

SPI
Clock: 125kHz - 2MHz
Mode: 3

SPI

Clock: 125kHz - 8MHz

Mode: Any

SPI
Clock: 450-550 kHz
Mode: 3

SPI

Clock: 125kHz — 8MHz (tent.)_

Mode 0/3 (tent.)

Analog Devices ADS16405
IMU
(Satellite Attitude)

Arduino Mini 04
(SPI Slave)

Mag X

Mag Y

MAX1112 ADC
(Solar Panel Voltage)

+——=5olar Panel 1—

Mag Z

Magnetometer

(Magnetic Field Readings)

Analog Input
10 Bit A/D

Solar Panel 8——

SD Card Port
(Memory Storage)

8 x Diode Inc. ZXCT1086
(Voltage Reader)
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Software Architecture: S&A

Separation & Acquisition

MAG 1ML BAT CELLS MEM RECI 413 [ Sw Tx Rx

passively upon deployment

N =y
[ Power switch activated J

Start mission timer

Wait 24 hours

Read

voltage g>

BAT charged above nominal

Read
current

Read

" Write CELL
*1 current to buffer
vollage
. Write CELL
*| woltage to buffer
Read

voltage
Store .
buffes -

Wirite BAT
voltage to buffer
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Software Architecture: S&A

/k BAT charged |
AV Req 3.1.2

for T
Tx ON
Reg 4.4

|/ Tx I'm alive J
beacon
—
Wait 30 sec
BAT fully
charged
1 day
passed

Transition 1o
DOC phase

-
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Software Architecture: OOC

On Orbit Checkout

MAG 1M BAT CELLS MEN Wi Swy Tx R
L
55(5 43 ( Wite time to buffer ]
Read |
cument
- -
Write CELL
voltage to buffer

Read
voltage

Write CELL
currant to buffer

Read
voltage

[
Write BAT

voltage to buffer

( Store
| buffer

P

BAT charged for payload startup

e

Turn MU OM

ML O

Y
Determine status of 1ML

Y

Write IMU status 1o buifer

| Y

Sys4.2.3

Turn IMU OFF

Tum MAG OFF




Software Architecture: OOC

Tum MAG OM
MAG ON
Test MAG |
—--| Determine status of MAG ]
Y
[Write MAG status to bu[[er]
Y

Write payload
OFF status
to buffar

Owerarite
oldest data

Y
[ Write time to buffer ]

BAT chargedd Turm
for Rx | Rx ON

Sys 3.1 Listen for

1sec
Load default ; :
downlink schadule
L Sys 3.1.2
[ ] ¥ L\Ilﬂi k
plin
53”3;35' bt Parse uplink data |- SYS 4.4 Received
BAT charged Turn
[ - —
-  cher ) [Sys 4.2.4
T o Send
™ Ack
Tum T
Tx OFF
Parse uplink data -



Software Architecture: OOC @:{

Parse uplink data | =T
Absolute
Transiticn to
PO phase
Time to
downlink
BAT charged Turn
for Tx Tx OM —
1 W HES
R‘Eq i 11 _"'{ packet |
el
1 \ | Tum
Tx 10 mins | T OFF
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Software Architecture: PO

Payload Operations

MAG MU BAT CELLS MEM

[TLe Sw Tx Rx

Wite tirme to buifer

Read T

current
g Write CELL
current to buffer

Wite CELL
voltage to buffer
Read
voltage
Wirite BAT
voltage to buffer

BAT charged for
payload operation

Sys 4.2.2

Tum IMU OM

B N

Read ML - LI OM
»[Write IMU data to buﬁer]
Sys 4.2
Turn MAG OMN |-
I Read MAG _.|= MAaG OM
»( Write MAG data to buffer 1
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Software Architecture: PO S

k. A
Sys 4.2.3 — |
MU OFF [
S
MEM full
Tum :
= = Ovarwrile
L MAG OFF oldest data
Store
buffer
Listen for
1sec
Sys 3.1

Load previous |
uplink schedule [

- Sys 4.4 |Sys3.1.2

Parse uplink data Uplink
raceivad
Save uplink
_ | Tum
"'|ka oM —
Send
e |
Turm
Tx OFF
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Software Architecture: PO

ths

nnnnnnnn
Decommission phass




OC-Flight-1 Risk Summary

e 7 risks associated with system

requirements have been identified
— 1 High
— 2 Moderate
—4 Low

« Risks have been reviewed against a set
of recommended controls/mitigations
to minimize inherent risk when feasible

1 2 3 4

CONSEQUENCE

e Currently evaluating major concerns
regarding launch provider

eFurther risk analysis in-progress
— Utilizing internal Risk Management

Process
50




Risk Analysis @:1

e Sys 1.0: Knowledge Management
— R1: Quantitative gain vs. qualitative gain (Sys_1.1)
e Sys 2.0: Provide Science Data

— R2: Getting a stand-alone website in place by launch
(Sys_2.2)

— Data may not be found useful (Sys_2.3)
e Sys 3.0: Standards & Laws

— R3: Tumbling s/c may cause discontinuous radio
communication (Sys_3.1)



Risk Analysis

* Sys 4.0: Acquiring Data

— R4: Launch provider is still in testing/development
phase (Sys_4.1.2)

— R5: NORAD tracking error (Sys_4.2.1)

* Sys 5.0: Environments

— R6: Using COTS and non-radiation hardened
PCBs/components (Sys 5.1)
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Exit Criteria

System Requirements established

— Strategy for development presented

Acceptance Level Testing plan established

— Strategy for ensuring requirements presented

System Architecture defined
— Scenario-based diagrams presented

— Requirements mapped to spacecraft subsystem
architecture

Risks acknowledged and assessed

— Further analysis on-going




Q&A

Questions?



PHA Results

Frequency of Hazard Categories
Occurrence | 11 1] v
Catastrophic Critical Marginal Negligible

(A)Frequent 1A 2A 3A 4A

(B) Probable 1B 2B 3B 4B
(C) Occasional 1C 2C 3C 4C

(D) Remote 1D 2D 3D 4D
(E) Improbable 1E 2E 3E 4E

Hazard Risk Index

1A/1B, 1C, 2A, 2B, 3A

1D, 2C, 2D, 3B, 3C

1E, 2E, 3D, 3E, 4A, 4B

HRI

Suggested Criteria

[] 1
[] =2
[] s

Unacceptable

Undesirable (Management Decision Required)

Acceptable with review by Management

4C, 4D, 4E |:| 4 Acceptable without review
CONTROL| HAZARD 5-P1 |HEI 5-P
MNUMEER | DESCRIPTION CAUSES EFFECTS 1 RECOMMENDATIONS 2
1 Dipoleantermas |+ Inadvertent contact with sharp Minorpersonnel laceration or IV-D 4 |+ Filelsand the comers of antermas IV-E
injure personnel comersfedges on the dipole antennas punciure
2 On Board +  Incomect charging of battery {over Moderate injuryburn of personnel |I1I-D 3 |+ Sowre Li-ion battery will intermally protect against II-E
Batteries charging, charge rate) Darnage toswrounding hardweare overcharging
explode, catch o Ineorrect discharge of hatters (rapid +  Solar array charging is incapable of exceeding safe
fire, ar mupture discharge rate) charge rate or charge lewel
andleak t0:c +  Short circuit +  Docwrent charging procedure and train operators
2 +  Dlarmfacturing defect +  Dlaxirmra nominal power consurmption of all boards
will not exceed safe discharge rates
+  Cirenithreaker and power regulation switches are used
to reraove powerdf the current draw rises showve the set
point
+  Keyedconnectors (to prevent reverse polarity)
+  [szeof insulated wiring and cormections (to awoid short
circuits)
+  Source battery from well knownireliable marnfacturer
3 Fagl anterma »  Inadvertent contact with sharp comers Minorpersonnel laceration ox Iv-D 4 |+  Fileisand the comers of antenna directors IV.E
Injures persotmel punciure




>

Software Safety Criticality Assessment ‘&

PURPOSE AND SCOPE OF ASSESSMENT
Assessment Purpose X Initial assessment [ ] Update to previous assessment

Assessment Type ‘ [] Facility | [] System | [] Contract | [] Program | [] Project ‘ X Other

o Perform assessment in support of the NASA IVV OCF1 outreach
Description project

CSCI/ CSC/ Application Identity Software Classification Software Safety
Criticality

On Board Flight Software D No
Ground Software E No
Test/Simulation Software E No

Impact To Existing requirements

[] Update required (describe

X] N/A (initial assessment) [ ] No change changes in comments)

Rationale and Comments:

OC-Flight-1 has a primary mission of outreach and teaching. Complete failure of the spacecraft
during flight does not constitute a failure of the primary mission, thus safety-criticality does not
include damage to flight hardware. OC-Flight-1 software (ground and on-board) does not
influence any identified hazards and, thus, has been determined to not be safety-critical.

The onboard flight software has been classified as D because Class E can not include any
space flight systems. The ground and test software meets the criteria for class E software as
defined in NPR 7150.2A.




OC-Flight-1 Risk 1- Internal

Risk Title Sys_1.0: Knowledge Management- Qualitative Gain

Given that results from questionnaires and surveys tend
; to be more qualitative than guantitative, there is a risk
Risk Statement that the knowledge gained by participants will be hard to
gauge quantitatively.

The OC-Flight-1 Mission is the first increment of a

series of missions in the NASA 1V&V Space Flight
Context Statement Design Challenge to achieve a set of over-arching goals

and objectives. 1 2 3 4 5

OoOOo0OIT ~—rmrmx~™—Tnr

CONSEQUENCE

T e

A quantitative assessment of knowledge gained is not Sunrise 9/1/2011
Closure Criteria considered as a success criterion for knowledge
management of first increment. Sunset 12/1/2013

Impact Horizon  Long

While a qualitative assessment of knowledge The implementation plan for knowledge
gained does not provide a numerical value to management currently focuses on the use of

1 index individual performance, it does provide 4 guestionnaires/surveys to capture the knowledge
tangible evidence that positive learning was gained. Graded assessments will not be

realized ensuring the requirement. performed


Presenter
Presentation Notes
Risk T


Risk Title

Risk Statement

Context Statement

Closure Criteria

OC-Flight-1 Risk 2 — Internal

Sys 2.0: Provide Science Data — Stand-Alone Website

Given that the workload of the students supporting
project development decreases drastically when
classes are in session, there is a possibility that a
stand-alone website may not be put in place.

oo IT ~—~rmrmx~™—Tnr

The purpose of the website is to satisfy the
requirements for receiving and providing science data to
the public while ensuring authorized use and integrity of
data.

1 2 3 4 5

CONSEQUENCE

T e

The system requirements can still be met using the Sunrise 9/1/2013
standard emailing system and adding information to
existing web pages Sunset 12/1/2014

Impact Horizon  Long

While having a stand-alone website to handle

data requests and to ensure documentation is
completed correctly before providing data would
1 lessen the workload of personnel, these tasks
could still be performed through a structured data
request process managed by assigned team

members.

The website architecture and layout has not yet
been designed, however links on existing Space

3 Grant website could be put in place whenever a
design has been established and students
supporting the project can implement the
webpage.


Presenter
Presentation Notes
Risk T


OC-Flight-1 Risk 3 — Internal

Risk Title Sys_2.0: Provide Science Data — Usefulness

Given that the earth’s magnetic field data is widely
available at higher resolutions, there is a possibility that
the scientists requesting the data may not find the data
provided useful.

Risk Statement

The OC-Flight-1 Mission is the first increment of a

series of missions in the NASA 1V&V Space Flight

Design Challenge to achieve a set of over-arching goals
Context Statement and objectives. Future increments will focus on

improving the datasets and pushing the envelope of 1 2 3 4 5

game-changing technologies in software and systems

engineering. CONSEQUENCE

T e

Sunrise 9/1/2013

oo IT ~—~rmrmx~™—Tnr

Further information will be gathered pertaining to why
the data was not found useful (type of data, resolution,
missing datasets, data corruption, etc) in effort to
improve the current design for future increments.

Closure Criteria
Sunset 12/1/2014

Impact Horizon  Long

While providing useful data to Scientist and

Engineers is an over-arching goal of the NASA The magnetic field of the earth is well-documented

1 IV&V SFDC, it is not a main objective for this 5 and readily available, therefore it is likely that
increment. However, the capturing the level of some Scientists and Engineers will not find the
usefulness of the data is considered an objective provided data to be particularly useful.

for this increment.


Presenter
Presentation Notes
Risk T


OC-Flight-1 Risk 4 — External

Risk Title Sys_3.0: Standards & Laws — Intermittent Transmission

Given that the spacecraft is expected to be deployed in
a tumbling state, there is a possibility that the tumbling
of the spacecraft could cause discontinuous radio
communication

Risk Statement

oo IT ~—~rmrmx~™—Tnr

The antenna type used on the spacecraft is a direction

half-wave dipole antenna which transmits and receives
signals most efficiently when pointed toward the source
or ground station

Context Statement

CONSEQUENCE

T e

There is no active attitude control system onboard the
spacecraft to direct the antenna toward the desired
ground station therefore communication will occur when
permissible.

Sunrise 8/1/2013
Closure Criteria
Sunset 12/1/2013

Impact Horizon ~ Mid

The severity of the tumbling state in which the

While continuous transmission allows the spacecraft is deployed on-orbit and the impact on
maximum amount of data transfer and minimizes the effectiveness of tumbling on data transmission
4 the possibility of missed uplinks, intermittent 3 is uncertain. However, it is known that the
communication still allows for opportunities to tumbling state will be dampened by the gravity
uplink and downlink desired data. gradient effect due to the center of mass being

located close to the antenna.


Presenter
Presentation Notes
Risk T


OC-Flight-1 Risk 5 — External

Risk Title Sys_4.0: Acquiring Data — Launch Provider

Given that the launch provider is still in the
Risk Statement testing/development phase, there is a possibility that the
tentative launch date will slip indefinitely.

Interorbital Systems (IOS) is a rocket and spacecraft
manufacturing company currently developing an
innovative modular rocket system designed to send a
multitude of TubeSats into LEO. 10S is currently the
Context Statement only launch provider that offers the TubeSat PS Kkit.
Due to unforeseen complications with testing and
development, 10S has already slipped from the
tentative launch date from Summer 2012 to Summer CONSEQUENCE

2013.
T e

OC-Flight-1 development continues with a transition Sunrise 9/1/2012
Closure Criteria from the TubeSat design to a CubeSat design, allowing
for alternative launch opportunities outside of IOS Sunset 9/1/2013

oo IT ~—~rmrmx~™—Tnr

Impact Horizon  Short

While the TubeSat kit is less expensive than the
CubeSat kit and a launch with 10S is already
funded, alternative launch opportunities are

4 available if the design transitions to CubeSat.
This would allow the current project schedule to
be maintained with funding for additional
materials and launch provider.

The launch date has already slipped by 1 full year
since project development began. Testing and

4 development of IOS has been reported, however
there is no evidence to support or even suggest
that the current (tentative) launch date will not slip
significantly (by quarter).


Presenter
Presentation Notes
Risk T


Risk Title

Risk Statement

Context Statement

Closure Criteria

OC-Flight-1 Risk 6 — External

Sys_4.0: Acquiring Data — NORAD Error

Given that the position of the spacecraft will be tracked
via NORAD and that several TubeSats will be deployed
on-orbit, there is a possibility that some amount of error
will be introduced in the TLEs of OC-Flight-1 provided
by NORAD.

oo IT ~—~rmrmx~™—Tnr

Interorbital Systems (IOS) is a rocket and spacecraft
manufacturing company currently developing an
innovative modular rocket system designed to send a
multitude of TubeSats into LEO. The spacing in the
deployment of each TubeSat is currently unknown.

CONSEQUENCE

T e

Uplink attempts will be initiated in advance in order to Sunrise EVLEDS)

account for errors in position tracking. Sunset 12/1/2013

Impact Horizon ~ Mid

While more accurate position fixes on the The accuracy and resolution of NORAD tracking is
spacecraft would introduce more confidence in currently unknown to the development team,

1 uplink timing, the amount of error should be 2 however a high level of confidence is held in
within some seconds which should be easily regards to the accuracy of the TLE's provided by

managable.

NORAD.
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OC-Flight-1 Risk 7 — External

Risk Title Sys_5.0: Environments - Radiation

Given that the spacecraft will utilize COTS and non-
radiation hardened PCBs, there is a possibility that the
lifespan of the spacecraft may be reduced significantly
by subjection to high levels of radiation on-orbit.

Risk Statement

The NASA V&V Space Flight Design Challenge
(SFCD) focuses on utilizing COTS and design kits to
keep total costs to a minimum while achieving the over-
arching goals and objectives. Using custom made
(radiation hardened) components and performing
acceptance level testing on radiation would drive the
project cost up significantly thereby violating the spirit of CONSEQUENCE

the challenge/initiative.
] Date
The risk of high radiation levels is realized. Custom

made components and radiation hardened materials will Sunrise EVLEDS)
not be used on OC-Flight-1 in effort to maintain the Sunset 12/1/2013
spirit of the NASA IV&V SFDC

oo IT ~—~rmrmx~™—Tnr

Context Statement

Closure Criteria

Impact Horizon ~ Mid

The spacecraft will not be designed to withstand

While a shortened lifespan of the spacecraft the radiation levels inherent in LEO for the entire
2 would limit the total amount of data collected, 4 duration of the orbital lifespan, therefore the

any data collected and correlated on the ground spacecraft is not expected to be functional during

can be considered as mission success. the decommissioning phase. However, the exact

lifespan of the spacecraft is currently unknown.


Presenter
Presentation Notes
Risk T
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