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Project Purpose

* To use optical relative navigation to determine a
spacecraft's state vector and state vector error
during a lunar transit

* CubeSat based on NASA CubeQuest
Challenge st

— Lunar mission
— Launch on SLS EM-1

* Lockheed Martin




Specific Objectives

Level 1 Level 2 Level 3
Data OSPRE shall output a state | OSPRE shall estimate OSPRE shall provide the
Processing | vector for full Moon and the error of the state state vector error within an
Earth disks and shall vector. accuracy of 1000km and
gather data for no longer 250m/s and shall function for
than an hour at a time. all Moon and Earth phases.
Electrical | OSPRE shall operate OSPRE shall have a The system shall provide
nominally provided 3.3V, peak current of no more |voltage sense and current
SV, or 12V electrical power, | than 500mA and sense telemetry.
and interface with the maximum power draw of
ZedBoard and image no greater than 3W.
sensor(s) using SPI, I1°C, or
Cameralink.
Structural | OSPRE’s mass shall not OSPRE’s dimensions
exceed 0.8kg. shall not exceed 5cm x -
5cm x 1cm.
Testing OSPRE'’s testing shall OSPRE's testing shall OSPRE'’s testing shall

include testing the
accuracy of the algorithm.
OSPRE shall create a
software test capable of
quantifying the navigation
software’s error.

include a physical
simulation.

OSPRE shall create an
Earth-Moon testbed that
quantifies the error of the
navigation hardware.

incorporate hardware and
software testing
simultaneously.

The system shall compute the
state vector autonomously in
a test environment.
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Simulated Spacecraft

Voltage
Power Regulator (x2)

Supply RT7258

Camera

mage Data Y/ [eTe (F][-W:N
(MIPI CSI)

5V
(Micro USB)

: Navigation Solution Camera
Microcontroller SOM
& Telemetry Module B

ZedBoard | (SPI or 12C) OpenQ410 OVEB40

All OSPRE Data

(HDMI or VGA) GThadkalie Temperature
(SPI) Sensor (x2)

ADT7311

FTDI
FT34XD

Output Display

LEGEND
—» Power

— Data




Volume

| weight




Critical Project Elements

Solution Accuracy
 State vector must be determined to within the

required accuracy
®*Camera resolution, Image Processing, Navigation algorithms

Testing Accuracy
e Solution accuracy must be verified in testing

» Scaling of the Earth-Moon system

*Measurement of distance between camera and target,
measurement of the location of the center of the target

SWAP
« Size, Weight, And Power requirements must be

met
*Component size, component power draw, component weight




SCHEDULE
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MeR
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nan Abevact
AisA Paper
R —
aFR
Finat Repon
Last Machiing Day
158P Camera Véorking on Lisux
Inetall Linux
Run Camara fram Command Line
Run Camara §om Script
Sat Gxpos e Ivels
Teatin darkroom
F113MP Camera Working on Linux
Inztall Unus
Run Camera kom Command Line
Run Camera kom Senpt
Set exposure Ievals
Testin caraoom
Determine pixel errce
:lmume Camera wah Carrler Board
[Trsnsiste Image Pracessing Code into C
09 prate IMage Processing Code with Syslem
[opamize image Processang for 8 Ranges
Reduce Image Processing Time

[Festimage Processing on Hardware Images:

Re-Evshiate Pusl Enoe

Woene-Cano Serwiations on Kasnan Fitec
}'lﬂ\m Navgation Code to ©

'II‘UI‘. GNC Code with System Architechste
Mo 3na Exscute NG Tast Scrpts

Rev A Carter Boara Schemascs

‘kﬂ A Camer Bosd Layout

m Riview

Rave Schamatcs

Ry 8 Camer Boara Layout

’P"“I and Popuate Board at AC
IE Test Carrier Board
| Chsactesizs Cumer Oraw
| Characanza Benanor on O-Scope
| Venty Power Requirements e Met
Verify Thermal Effects are Acceptable
Tomov and Receive Light Panel
S
Measure Light Panel Dimensions
Mooty Light Bos Design
:ldeﬂn CAD Drawings
”ml Light Bax
Manufacture Predminary Encazing
Update CAD Drawings.
Manutscture Fins) Encasng
1Orue and Receive Tnood Hesd
(Drder 3 Rocoiver Laser Rangs Finds
:v-m Camara Stand Dasign
Update CAD Drawngs
hmmn Camera Stand
E Development
Wite Server Class
Wilts Bpacetsatt Comms Process
Wiite Walchoog Process
Fill out Messages
Upaate Busder and Parser
Spacecist Packst Protocol
Losd image File
Ganerats oala ingut les
L Unit Test
TostClasses
Gintogration
Integrate Processes
Implement sceobions
INCEQIATH CAMBIS AWOrS
(Hwntagrason Testing
Test for Unacceptatée Anguiar Velecity
| Testsotware on PCB
| Full Software Test
Sotware Documentation
EIVarity and Raview Test Design
Ervoc analysis 3nd nangs
Dosign Revew ! Manufacturing Plan
Alignment Plan Procedure
Angnment Process
Practice Setups
Full Sratems Test
Anahzs Test Data
Make Systemn Agusiments
TFuu System Retest

December 2015

1

4

7

1013

|8

January 2017
w 22|25/ 23| 3|80

12

150 18 21

Fobnuary 2017

24 27 % 2 5§

N
i i

| Maren 2017

W72 23 2] 1

i L A

ommand L

on Linus

om Script - Seth Oytan

- Al

4| 710|138

tract - Paige Rysn

A
Paper - Paige Ryas
R
Final Repod - Al

W 22 25 2 3, 3 6|9

| Apnl 2017
12

May 2017

15,18 21| 24| 27| 20|

- Oyten

Testin darkoom - Dylan Dande

IMP Canjara [
Iynstait Linw - Dytan
n -Dptan
Scrift - Seth, Dytan
-Drtan
toum - Oylan.Dava
frminse pixel arecs - Antnany Ostan

Transiate Image
i oo System -

4

8 Ranges - Anthony
[c# Inage Processng Time - Anthony

@ 037242017 Last Machining Day

i ntograte Camara with Carrier Board - Micsast Dytan

s

"L

- antmony
1image Processing

M ReE)

— - Cameron
— Coceto
ot W System Arcnifecturs - Sein Cameron
Wate and Exacuts GNC Test Scripts - Canjarcn
———— Gl - Micha
— [Rev A €amier Boara Layout - Michael
ig
ﬁkw B Schemabcs - Michas!
= Board L Wbl
B putale Board a AC - ichast
L st Paner Boars
jctonze Current Dravw - Michasl
gl Charjcterze Behawor on O-Scope - Michael
| Verity Howar Requiremeats are Met - Michast
B Vere{ Thermal EBacts are Accepladls
agth Pared- Zacn
H{Fick up Aluminum {Zadn
L Ligh zacn
L ~Zach Dawd
dl]l, Orprings - Zsch
i Uign Bos - Z4gn
i Zach
d. (Update CAD Drawins - Zach
! Encapuing - Zach
ke D
—-] Lpsec -Zagn Dawd
[ - 2fen D
L ikpdats c40 clramings - 2
R Zacn
Server Class - Sett
wite Procpss - femn
Wike 9 - sem
L Setn
& anja Parser - Squ)
Sek
= I Fie -Ppige. Sem
- - Zach|
Lol
-Ihu Ffasses - Sal
10 - Seth
~ Anthony.Seth Cameron
prtegrate camers drivers - Set. Dytan
0 Testing
T I il Tosifor ANGUIAr VoGt - Setn
i (b Software Test - Semn
i Software Documentaficf: - Ryan,Seth
= Venty
- ahairsis ana tnings - st
Plan - Davwd
Procediks - Damia
U - D
1 I ‘IF'IM Sr tups - Daid

il Systerhs Test- Ryan Dand
Anatyes Test Data - A1t

il A

Al

jon Hardware Images - Aathony Dylan
Yaluate Pixel Exor - Anthony

ki System Adpustments - All

3[efe12 18 w2

Management
Remote Sensing
Image Processing
GNC

Mechanical

Electrical
Software

Full System Resest - Ryan, Dawa

| June 2017

24/ 27/ 3| 2 6§ 8 M

17 20| 23|28 29



winla

CECRETIE RIS

28 BYEERYRLEIBINRRREBRRBIE

2882588228

228338 KT2R

Jg @8R BB2

gReoRAIBIIIFA IR

7

Name

meR
R
[rryy—
A Paper
[ —
aFR
Finai Repon
Last Machining Day
[158P Camera Véorking on Linux
1 inetall Linus

| Run Camara rom Commang Line

| Run Canmara fom Script

| saterposus ievnis

| Taest in darkroom

|E143MP Camera Working on Linux

| instait Lines
Run Camera rom Commsnd Line
Run Camera fom Scnpt

St cxposure [evals

Testin carzoom
Determine pixel errce
Ingegrate Camera weh Carrer Board
Transtste Image Processing Coce lato C
J%eprate Emaga ProCRSNG Code with System
opamize image Processang for a8 Ranges
Reduce Image Processing Tume
Testimage Processing on Simulated Images
[Festimage Processing on Hardware Imsges
Re-Evshiate Puel Enoe
Moate-Cano Semwlations o0 Kawnan Fite:
[Ttanstate Nawgation Coge 1o ©
Insearate GNC Code with System Architechire
Jie and Execute GNC Tost Scrpts
Rev A Canier Boara Schematcs
Rev A Camar Bosd Layout
PCB Riview
Rove Schamatics
RevE Camer Boara Layout
Print ana Popusate Board at AC
| Eest Carrier Board
| Charactestes Cumsnt Oraw

Charactenze Behanor on O-Scope

Verity Power Requirements are Mot

Vority Tnermal Effects are Acceptabie
{Ordar and Recenvs Light Panel
Prck up Alurminum

Measure Light Pansl Dimensions
Meoty Light Box Desson
pdate CAD Drawngs
Manufacture Light Box
‘MH’WW' Prelminary Encasing
AUNIQE CAD Drawings
Manutschune Finsl Encasng
Ordne and Recaive Trood Head
10rder and Recoiver Laser Rangs FInder
Nary Camara Stand Design
'IJWIM CAD Drawings
Manufacture Camera Stand
& Development
| wite Sanvar crass
| Wiite Spacecrat Comma Process
Wiite Walchoog Process
Fill out Messages

Upaate Busder and Parser
Spacecrat Packet Protocol
Load image File
Generata data ingut fles

| Etunis Test

| TestCiasses

integration

Integrate Processes

Implement sxcechons.
INteQrat CAMEra arvars
| Emtegration Testing
| Testfor Unacceptacte Angutar valoctty

| Test software on PCB
| Fun Sotware Test
Somware Cooumentation
EVerity and Raview Test Design
| Emoc analysis and bnangs

Dasign Review  Marufacturing Plan

| Alignment Plan Procedure
e

‘i‘-ndlc- Setups

_l'ull Systems Teat

Anahze Test Data

Make Systemn Agusiments
‘Full System Retest

Decamber 2015

1

4

7

10

3

%

January 2017

0 22|25 28| 3

3

2

2

February 2017 March 2017 Agnil 2017 May 2017
15/ 18 21 24 27 30 2 5 8 1 W 17|20 2326 1 4| 7T /10|13 18|19 22 25 20 31 3 6| 9 92|15 18|21 24/ 27| 0| 3 |6 9|12
[ - A
AA ABGIraCE - Paige Ryan
04 Paper - Paige Ryas
il AAA A
| @ 03242017 Last Machining Day
Camara Warking on Linus
st L Antnen; Dytan
{Run Camera srom Command Line - Anthony, Dytan
om Scapt - Seth Dytan
e bevwts - Optan
Testin daroom - Dyan Dada
1IMP Canjara Working on Linus
Iyinstait Linux - Dytan
n C: Dptan
Run Camard from Scrift - Seth, Drtan
Set - Dtan
dadroom - Dytan.Diva
PR Oatefmine pixel arcoe - Anthony Dytan

Translate Image Processing Code intg

P

almw:e image

Infograta Camera with Carrier Board - Mics

Systern - Anthany Seth

A

8 Ranges - Anthony
jc# Inage Processng Tame - Anihony

281 Dytan

9 on

L

]1.;: image Processing

095 - Antony

on Hardware Images - Aathony Oylan

Re-Efaluate Pixel Error - Anthony

o 1 5ot - AR

I (st Nvigation Cooe 1o
——

Integrige GNC C:

— v ACarmior B0ad Schamatics - Michagl
(R ov A §amier Boara Layout - Michael
i

eveew - Ryan Michae!

hPes

'ﬁuu B Schamatics - Michasl
pul

Carniar Boar Layout - Michjssl

@ WIth Gy51em ArCTiTecture - Setn Camaron.
Wate and Exacuts GNC Test Scripts - Cang

AC - Michast

#{Pick up Auminum 1 2ach

Zacn

Venty Light Hox Dpslon - Zach Dawd
Update CHO Drlsmings - Zsch
q

C— o
il Chard
Pl Chard

venty

B vere|

pUtate Board
Faemer Board
dctorze Current Draw - Michal

ycterze Benavior on O-Scope - Michael
lower Requirements are Met - Michael
Thermal EXacts are Acceptadle

Zacn

Y Ligh Box - Zaghn
‘J‘J-dei“ CAD Drawinfls - Zach

Enca

Ind Receive. dach Davicd

S |ckder Ind Recerver Lbsar Range{finder - 23d
% [Vorty Camera Stang Design - Z§cn Cava

t—vH{Updats CAD Crawings - ZHeh
q

ping - Zach

n Dand

Zach

Server Class - Seth

Write Spacecran Comnls Procgss - Betn

(Wike Waldhdog Plocess - Seth
it ofit e Sty
Up anja Parser - Squ)
et
M 0> image File -Plege.Sem
e Mes - Zach(

et

_'Tul assos - so

Lo

- Seth

P iteorte camecs drivers - Seth Dytan
d

Anthony.Seth Cameron

Testing

ol Tosifor Angutar Veloot|

—

Veety
ahaiysss ang naings - D)

R ' Plan -

L

Procedure - Davia

sofware on PCR - Sath,
I (Fut Software Test- Sem
U somware Documentancy

-Due

]Fv:ms tups - Dand
1,

-Eu- Syster

aron

Wich

f - Ryan,Seth

ns Test- Ryan Danad
.]:nllvz! Test Data - A1t

Lu—a:

Management
Remote Sensing
Image Processing

GNC

Mechanical

‘Electrical
Software
Test

June 2017

24 27 30 2 6§ 8 M 14

 System Adjustments - All
Full System Retest - Ryan, Davd

17 20 23 2| 29



( February 2017 March 2017 J April 2017

15/ 18[21[24]27[30] 2|6 [8[n[1]17[20]23[26] 1] a[7[10[13[16]19]22]25[28[31| 3| 6] a[12[15]18[21]2a]27]:

| |
T

- MSR - All
’ TRR - All

AIAA Abstract - Paige,Ryan
AIAA Paper - Paige,Ryan

*al AIAA Symposium - All

E—aﬂ

4 03/24/2017 Last Machining Day

. 5MP Camera Working on Linux
Install Linux - Antﬁony.DylaJ‘n

]Run Camera from|Command Line - Anthony,Dylan

Run Camera flom Script - Seth,Dylan Management ——
b Set exposyre levels - Dylan Remote Sensing ——
— -l |Test in darkroom - Dylan,David Image Processing
_ 13MP Canjera Working on Linux GNC ——
Install Linux - Dylan Mechanical —
Run Camera from;Cpmmand Lipe - Dylan Electrical e —
Run Camei from Scripf - Seth,Dylan Software ]
Set éjosure levels - Dylan Test

Test in darkroom - Dylan,David

Detefmine pixel error - Anthony,Dylan
Integrate Camera with Carrier Board - Michael,Dylan

Translate Image Processing Code Into%C - Anthony

Q Integrate Image Prooessir%!g Code with Bystem - Anthony,Seth

a Optimizef Image Processing for all Ranges - Anthony
a Redyce Image Processing Time - Anthony
-I—s -IT_es: Image Processing on Simulated:images - Anthony

-ITest Image Processing on Hardware Images - Anthony,Dylan

Re-Evaluate Pixel Error - Anthony



| February 2017 March 2017 April 2017
| I |
15|18 | 21| 24|27 |30| 2 | 6| 8 |1 14|17 2023 (26| 1 | 4 |7 (10|13 |16/ 19|22 25|28 31| 3 | 6 | 9 |12 15| 18|21 | 24| 27 | :

T

c . s ISR - All
_Q_TRR - Al

AIAA Abstract - Paige,Ryan
AIAA Paper - Paige,Ryan

*aa AlAA Symposium - All

E—ﬂ

4 03/24/2017 Last Machining Day

mera Working on Linux

Install Linux - Antﬁony.Dylah

]Run Camera from|Commgnd Line - Anthony,Dylan

Run C t - Seth,Dylan Management —
b $ re levels - Dylan Remote Sensing
Test in darkroom - Dylan,David Image Processing
_ hﬁﬁtarr era Working on Linux GNC ——
Install Linux - Dylan Mechanical —
Run Camera from; Commang§i Lipe - Dylan Electrical E—
Run Camair from Sgript - Seth,Dylan Software ]
Set éxlosure [pvels - Dylan Test

Testin

- Anthdny
Code yjith Bystem - Anthony,Seth

Translate Image Processing Code IntoéC
i Integrate Image Prooessiég
a I1Optimiza: Image Pgpcelssing for all Ranges - Anthony

duce Image Processing Time - Anthony

-‘Test Image Processing on Simulated

Images - Anthony

on Ha%re Images - Anthony,Dylan

Test Image Processing
L Re-E

valuate Pixel Error - Anthony




CR R RN

SEL 28288 RBYLBRURLEIBNBRREBNNBIE

2383

22IBBT2R2B

2333288

33

g3 IR

2TEREB B2

Name

MeR
AR

nan Abevact
AisA Paper
R —
aFR
Finat Repon
Last Machiing Day
158P Camera Véorking on Lisux
Inetall Linux
Run Camara fram Command Line
Run Camara §om Script
Sat Gxpos e Ivels
Teatin darkroom
F113MP Camera Working on Linux
Inztall Unus
Run Camera kom Command Line
Run Camera kom Senpt
Set exposure Ievals
Testin caraoom
Determine pixel errce
:lmume Camera wah Carrler Board
[Trsnsiste Image Pracessing Code into C
09 prate IMage Processing Code with Syslem
[opamize image Processang for 8 Ranges
Reduce Image Processing Time

[Festimage Processing on Hardware Images:

Re-Evshiate Pusl Enoe

Woene-Cano Serwiations on Kasnan Fitec
}'lﬂ\m Navgation Code to ©

'II‘UI‘. GNC Code with System Architechste
Mo 3na Exscute NG Tast Scrpts

Rev A Carter Boara Schemascs

‘kﬂ A Camer Bosd Layout

m Riview

Rave Schamatcs

Ry 8 Camer Boara Layout

’P"“I and Popuate Board at AC
IE Test Carrier Board
| Chsactesizs Cumer Oraw
| Characanza Benanor on O-Scope
| Venty Power Requirements e Met
Verify Thermal Effects are Acceptable
Tomov and Receive Light Panel
S
Measure Light Panel Dimensions
Mooty Light Bos Design
:ldeﬂn CAD Drawings
”ml Light Bax
Manufacture Predminary Encazing
Update CAD Drawings.
Manutscture Fins) Encasng
1Orue and Receive Tnood Hesd
(Drder 3 Rocoiver Laser Rangs Finds
:v-m Camara Stand Dasign
Update CAD Drawngs
hmmn Camera Stand
E Development
Wite Server Class
Wilts Bpacetsatt Comms Process
Wiite Walchoog Process
Fill out Messages
Upaate Busder and Parser
Spacecist Packst Protocol
Losd image File
Ganerats oala ingut les
L Unit Test
TostClasses
Gintogration
Integrate Processes
Implement sceobions
INCEQIATH CAMBIS AWOrS
(Hwntagrason Testing
Test for Unacceptatée Anguiar Velecity
| Testsotware on PCB
| Full Software Test
Sotware Documentation
EIVarity and Raview Test Design
Ervoc analysis 3nd nangs
Dosign Revew ! Manufacturing Plan
Alignment Plan Procedure
Angnment Process
Practice Setups
Full Sratems Test
Anahzs Test Data
Make Systemn Agusiments
TFuu System Retest

December 2015

1

4

7

1013

|8

January 2017
w 22|25/ 23| 3|80

12

150 18 21

Fobnuary 2017

24 27 % 2 5§

N
i i

| Maren 2017

W72 23 2] 1

i L A

ommand L

on Linus

om Script - Seth Oytan

- Al

4| 710|138

tract - Paige Rysn

A
Paper - Paige Ryas
R
Final Repod - Al

W 22 25 2 3, 3 6|9

| Apnl 2017
12

May 2017

15,18 21| 24| 27| 20|

- Oyten

Testin darkoom - Dylan Dande

IMP Canjara [
Iynstait Linw - Dytan
n -Dptan
Scrift - Seth, Dytan
-Drtan
toum - Oylan.Dava
frminse pixel arecs - Antnany Ostan

Transiate Image
i oo System -

4

8 Ranges - Anthony
[c# Inage Processng Time - Anthony

@ 037242017 Last Machining Day

i ntograte Camara with Carrier Board - Micsast Dytan

s

"L

- antmony
1image Processing

M ReE)

— - Cameron
— Coceto
ot W System Arcnifecturs - Sein Cameron
Wate and Exacuts GNC Test Scripts - Canjarcn
———— Gl - Micha
— [Rev A €amier Boara Layout - Michael
ig
ﬁkw B Schemabcs - Michas!
= Board L Wbl
B putale Board a AC - ichast
L st Paner Boars
jctonze Current Dravw - Michasl
gl Charjcterze Behawor on O-Scope - Michael
| Verity Howar Requiremeats are Met - Michast
B Vere{ Thermal EBacts are Accepladls
agth Pared- Zacn
H{Fick up Aluminum {Zadn
L Ligh zacn
L ~Zach Dawd
dl]l, Orprings - Zsch
i Uign Bos - Z4gn
i Zach
d. (Update CAD Drawins - Zach
! Encapuing - Zach
ke D
—-] Lpsec -Zagn Dawd
[ - 2fen D
L ikpdats c40 clramings - 2
R Zacn
Server Class - Sett
wite Procpss - femn
Wike 9 - sem
L Setn
& anja Parser - Squ)
Sek
= I Fie -Ppige. Sem
- - Zach|
Lol
-Ihu Ffasses - Sal
10 - Seth
~ Anthony.Seth Cameron
prtegrate camers drivers - Set. Dytan
0 Testing
T I il Tosifor ANGUIAr VoGt - Setn
i (b Software Test - Semn
i Software Documentaficf: - Ryan,Seth
= Venty
- ahairsis ana tnings - st
Plan - Davwd
Procediks - Damia
U - D
1 I ‘IF'IM Sr tups - Daid

il Systerhs Test- Ryan Dand
Anatyes Test Data - A1t

il A

Al

jon Hardware Images - Aathony Dylan
Yaluate Pixel Exor - Anthony

ki System Adpustments - All

3[efe12 18 w2

Management
Remote Sensing
Image Processing
GNC

Mechanical

Electrical
Software

Full System Resest - Ryan, Dawa

| June 2017

24/ 27/ 3| 2 6§ 8 M

17 20| 23|28 29



winla

CECRETIE RIS

28 BYEERURLEIBZNRRREBNRBES

2882588228

gREARIBIIIIFNI_I>Ie BT e BRZEBBINRTER

7

Name

MeR
R
[rryy—
A Paper
[ —
aFR
Finai Repon
Last Machining Day
[158P Camera Véorking on Linux
1 inetall Linus

Run Camara from Command Line

Run Camara 4om Script

| Set Sapos e Ievels

| Taest in darkroom

|E143MP Camera Working on Linux
Install Unus
Run Camera kom Command Line
Run Camera fom Sonpt
B6t Gxpos e levels

Testin carzoom
Determine pixel errce
Ingegrate Camera weh Carrer Board
Transtste Image Processing Coce lato C
Y86 0rite HMags Processing Code with Syster
Iopamize image Processeng for a8 Ranges
Reduce Image Processing Tume
Testimage Procesaing on Simulated Images
Testimage Processing on Hardwars Images
Re-Erstiats Pel Enoe
Monte-Cano Sematations o Kawnan Fite:
Ttansiats Navigation Code 1o C
Insearate GNC Code with System Architechire
Jie and Execute GNC Tost Scrpts
Rev A Carler Boara Schemascs
Rev A Camar Bosd Layout
PCH Review
Rove Schamatics
Rev B Carmer Boara Layout
Print ana Popusate Board at AC
| Test Carier Boara

Chiaractesize Current Oraw

Charactantze Bahanior on O-Scope

Verity Power Requirements are Mot

Verity Tharmal Effects are Acceptabie
{Ordar and Recenvs Light Panel
Prck up Alurminum
Measure Light Pansl Dimensions
Ierty Light Bos Dasign
Lpdats CAD Drawings
Manutacturs Light Sax
WManutscture Pravminary Encasing
Lipdate CAD Drawangs
Manutsctune Fins) Encasng
Ordne and Recaive Trood Head
{Drder and Recsiver Laser Range Findar
Warsy Camara Stand Design
Lipdate CAD Drawngs
Manutacture Camera Stand
I Devesopment
| wite Sanvar crass

Wits Spacectat Comms Process

Wiite Walcnoog Process

Fill out Mezsages

Update Busder and Parser

Spacecrat Packet Protocol

| Losd image File

| Ganerats dala input Nles
| = Unis Test

| Test Classes

| Eintegraton

| Integrate Processes

| Imptement excepbons

| integrata camera amvers
| Hintagranon Testing
| Test for Unacceptatée Anguiar Velocity
| Test software on PCB

| Fun Sotware Test

Somware Documentation

EVerity and Raview Test Design
| Emoc analysis and bnangs

Dosign Revew / Manufacturing Plan

| Alignment Plan Procedure
ognment Process

Practice Sesis

Full Srstems Test

Anaze Test Data

Maxe Systemn Agustments

‘Full System Retest

Decamber 2015

1

4

7

10

3

%

January 2017

0 22|25 28| 3

3

2

February 2017

24 .27 30 2 5 8 M W
- Al

1215, 18 21 Vi 23| 2| 1] 4

March 2017

710|138

TRR - All

AA ABtract - Paige Rysn
44 Paper - Paige,Ryaf

19 22 25 2 N 3 6| 9 2|18

June 2017
24 27 30 2 6§ 8 M 14

Agnil 2017 May 2017

W 21| 264 27| | 3 6| 91215 10 2 17 20 23 2| 29

vl s n

Camera Working on Linus
st Linus - Antneny, Dylan
jRun Camera from| Comenand Line - Anthony. Dylan
om Scnpt - Seth Dyan

e bevets - Oplan

Testin daroom - Dylan Daie

* 032420/

13MP Canjara Working on Linus
Iynstait Linw - Dptan
n C: Dptan
Run Camard from Scrift - Seth, Drtan
Set - Drtan
aadroom - Dyan.Dava

PR Oatefmine pixel arcoe - Anthony Dytan

[ wioorata Camera with Carrier Board - Mickas! Dytan
— s Transiate Image Processing Code intd £ - Anthony

| irdecrate image wat Syster - Anthony Seth
¢ o for o8 Ranges - Anivory

EC ; &1

I

jc# Inage Processng Tame - Anihony

-
—— 4
17 Last Machining Day

9 on

L

Tm Image Processinglon Hardware Images - Aathony,Dylan

095 - Antony

1 Carlo Simufabons on Kalman Filtar - Cameron
1+t Novigation Cooe to

— v AlCasrior S0l Schdmatics - Michasl

Gamier ayout - Michael

evew
’v':_-‘r(u B Schemancs - Michas!
=

RyanMichae!

Carniar Boar Layout - Michjssl

System ArCTITecturs - St Cameron

B |1+ )i GNC Cope wimn &
L_ Wate and Executs GNG Test Scripts - Cangaron

Cp— 7o
il Chard
il Charg
| venty
e

b Zacn
#{Pick up Auminum {Zadh
o Zacn
Venty Light Hox Dpslon - Zach Dawd
Update CHO Drlsmings - Zsch
q

pUtate Board
Faemer Board

AC - Michast

dctorze Current Draw - Michal
ycterze Benavior on O-Scope - Michael
lower Requirements are Met - Michael
Thermal EXacts are Acceptadle

Management
Remote Sensing
:Image Processing
GNC

‘Meehanical
Electrical
Software

Test

y Ligh Bos - Zagh
Zach
'J‘J-JNB“ CAD Drawiaf - Zach
Encaing - Zach
3ndRecene facn Davict
s [chder 3nd Recerver Liises Range finder - Zadn Dand
4 [Verty Camera Stang Design - Zficn Gavia
t—vH{Updats CAD Cramings - ZHeh
P
Vrite Server Class - Seth
Wite Spacecral Comns Procgss - Betn
Wike Walhidog Ploces - Seth
it ofit e Setny
Ye ara Parsar - Squl
el
M | o5 image File -Phege.Sem
i [Gendrats dats Mes - Zach(
et
CAassos - Gal
Processpd - Seth
[—I g Antnony. Seth. Cameron
P iteorte camecs drivers - Seth Dytan

d

Testing

ol Tosifor Angutar Veloot|

Veety
Siysss ana Pndings - O
R |

L

— 0

Plan -

Procedure - Davia

sofware on PCR - Sath,
I (Fut Software Test- Sem

-Dna

~|Fuous tups - Dand
I

U somware Documentatich - Ryan Seth

b Systerns Test - Ryan, Dana
Analyze Test Data - A1l

Wich

S |\ 30 Sy3%6 ) AGRISITSOLS. - All
L. Full System Retest - Ryan, Davd
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1

] Monize-CarIo %imu ations on Kalman Filter - Cameron

Translate Navigation Code to G+

— oy A Carrier Boapd Schematics - Michael

E—RevA
-pcB
i

m— Order and:Receive Light Panpl

#Pick up Alaminum - Zach

Carrier Board Layout - Michael
Review - Ryan,Michael
B Schematics - Michael

E»E-IRev
?Rfv B Carrier Board Layout - Micha

_~Print and P:
[% Test

Char]cterize Current Draw - Michael

+ Zach

Measureg Light Pa‘wel imensi
Verify Liiht 0X
[-|-|Updat CADD

0

ns - Zach
gn - Zach,David

ings -

;_g Manufacture Preliminar]
Y

Integra

t - Cameron

e GNC Col

Zach

Manufacture Light Box - Zafh

4 Char

| Verify A
L Verify

Encasing

rder I
rder
Verify

0

Update CAD Drawirig
Manufactur

nd Receive Tripod Head -
nd Receiver Laser Range
Camera Stang Design - Z

Update CAD Qrawings - Z

- Zach

Final Encaping - Zach

ch,David

nder - Zach,David

h,David
h

T Rer

e with System Architecture - Seth,Cameron
Write and Execute GNC Test Scripts - Cam

bpulate Board at AC - Michael

Carrier Board

cterize Behavior on O-Scope - Michael

fower Requirements are Met - Michael

Thermal Effects are Acceptable

Zach

: (lamera Starrd - Zach

vaIuawe PIXErEImor = Aoy

eron

Management
Remote Sensing
Image Processing
GNC

Mechanical
Electrical
Software

Test

16



' February 2017 March 2017 | April 2017

5]18]21[24[27[30] 2658 [n[14[17[20]28]26|1][4[7[10][13]16]19]22]25[28[31]3]6]0[12/15[18[21]u]2]

| | | | | | I | | | | | | | |

— T RE-EVAIuEre FIXEEITor = ANy

] Monize-Carlo %imu ations on Kalman Filter - Cameron

Translate Navigation Code to C

e with System Architecture - Seth,Cameron
Write and Execute GNC Test Scripts - Camieron
— oy A Carrier Boapd Schematics - Michael

—— - Rev A Carrier Board Layout - Michael
E]PCB Review - Ryan,Michael

|

LE-lRev B Schematics - Michael
?Rfv B Carrier Board Layout - Michagl

_~Print 4nd Pppulate Board at AC - Michael
[%l@st Carrier Board
4— Chargcterize Current Draw - Michael Management —_—
e :har]cterize Behavior on O-Scope - Michael Remote Sensing
| Vjrify Bower Requirements are Met - Michael Image Processing
3 | WVerify Thermal Effects are Acceptable GNC N
— Order and:Receive Light Panpl - Zach Mechanical —
#Pick up Alaminum - Zach Electrical —
‘ N—

Measure Light Pare| imensipns - Zach Software
Verify Light Box Diesfgn - Zach,David Test

[>|-|Updatj CAD Drawfings - Zach

—-| Manufacture Light Box - Zafh
:Hl:l Manufacture Preliminar] EncIing Zach
» ~Update CAD Drawirigg - Za

—

~Manufacturd|Final [Encaping - Zach

Qrder Ind Receive Tripod Head - 4iach,Dlavid

e |Qrder
Verify Camera Stang Design - Zg¢ch,Dafid

nd Receiver Laser Range fjnder § Zach,David

» HUpdate CAD Qrawings - Zagh 17
0

anufacture amer' Starrd - Zach
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Name

MeR
AR

nan Abevact
AisA Paper
R —
aFR
Finat Repon
Last Machiing Day
158P Camera Véorking on Lisux
Inetall Linux
Run Camara fram Command Line
Run Camara §om Script
Sat Gxpos e Ivels
Teatin darkroom
F113MP Camera Working on Linux
Inztall Unus
Run Camera kom Command Line
Run Camera kom Senpt
Set exposure Ievals
Testin caraoom
Determine pixel errce
:lmume Camera wah Carrler Board
[Trsnsiste Image Pracessing Code into C
09 prate IMage Processing Code with Syslem
[opamize image Processang for 8 Ranges
Reduce Image Processing Time

[Festimage Processing on Hardware Images:

Re-Evshiate Pusl Enoe

Woene-Cano Serwiations on Kasnan Fitec
}'lﬂ\m Navgation Code to ©

'II‘UI‘. GNC Code with System Architechste
Mo 3na Exscute NG Tast Scrpts

Rev A Carter Boara Schemascs

‘kﬂ A Camer Bosd Layout

m Riview

Rave Schamatcs

Ry 8 Camer Boara Layout

’P"“I and Popuate Board at AC
IE Test Carrier Board
| Chsactesizs Cumer Oraw
| Characanza Benanor on O-Scope
| Venty Power Requirements e Met
Verify Thermal Effects are Acceptable
Tomov and Receive Light Panel
S
Measure Light Panel Dimensions
Mooty Light Bos Design
:ldeﬂn CAD Drawings
”ml Light Bax
Manufacture Predminary Encazing
Update CAD Drawings.
Manutscture Fins) Encasng
1Orue and Receive Tnood Hesd
(Drder 3 Rocoiver Laser Rangs Finds
:v-m Camara Stand Dasign
Update CAD Drawngs
hmmn Camera Stand
E Development
Wite Server Class
Wilts Bpacetsatt Comms Process
Wiite Walchoog Process
Fill out Messages
Upaate Busder and Parser
Spacecist Packst Protocol
Losd image File
Ganerats oala ingut les
L Unit Test
TostClasses
Gintogration
Integrate Processes
Implement sceobions
INCEQIATH CAMBIS AWOrS
(Hwntagrason Testing
Test for Unacceptatée Anguiar Velecity
| Testsotware on PCB
| Full Software Test
Sotware Documentation
EIVarity and Raview Test Design
Ervoc analysis 3nd nangs
Dosign Revew ! Manufacturing Plan
Alignment Plan Procedure
Angnment Process
Practice Setups
Full Sratems Test
Anahzs Test Data
Make Systemn Agusiments
TFuu System Retest

December 2015

1

4

7

1013

|8

January 2017
w 22|25/ 23| 3|80

12

150 18 21

Fobnuary 2017

24 27 % 2 5§

N
i i

| Maren 2017

W72 23 2] 1

i L A

ommand L

on Linus

om Script - Seth Oytan

- Al

4| 710|138

tract - Paige Rysn

A
Paper - Paige Ryas
R
Final Repod - Al

W 22 25 2 3, 3 6|9

| Apnl 2017
12

May 2017

15,18 21| 24| 27| 20|

- Oyten

Testin darkoom - Dylan Dande

IMP Canjara [
Iynstait Linw - Dytan
n -Dptan
Scrift - Seth, Dytan
-Drtan
toum - Oylan.Dava
frminse pixel arecs - Antnany Ostan

Transiate Image
i oo System -

4

8 Ranges - Anthony
[c# Inage Processng Time - Anthony

@ 037242017 Last Machining Day

i ntograte Camara with Carrier Board - Micsast Dytan

s

"L

- antmony
1image Processing

M ReE)

— - Cameron
— Coceto
ot W System Arcnifecturs - Sein Cameron
Wate and Exacuts GNC Test Scripts - Canjarcn
———— Gl - Micha
— [Rev A €amier Boara Layout - Michael
ig
ﬁkw B Schemabcs - Michas!
= Board L Wbl
B putale Board a AC - ichast
L st Paner Boars
jctonze Current Dravw - Michasl
gl Charjcterze Behawor on O-Scope - Michael
| Verity Howar Requiremeats are Met - Michast
B Vere{ Thermal EBacts are Accepladls
agth Pared- Zacn
H{Fick up Aluminum {Zadn
L Ligh zacn
L ~Zach Dawd
dl]l, Orprings - Zsch
i Uign Bos - Z4gn
i Zach
d. (Update CAD Drawins - Zach
! Encapuing - Zach
ke D
—-] Lpsec -Zagn Dawd
[ - 2fen D
L ikpdats c40 clramings - 2
R Zacn
Server Class - Sett
wite Procpss - femn
Wike 9 - sem
L Setn
& anja Parser - Squ)
Sek
= I Fie -Ppige. Sem
- - Zach|
Lol
-Ihu Ffasses - Sal
10 - Seth
~ Anthony.Seth Cameron
prtegrate camers drivers - Set. Dytan
0 Testing
T I il Tosifor ANGUIAr VoGt - Setn
i (b Software Test - Semn
i Software Documentaficf: - Ryan,Seth
= Venty
- ahairsis ana tnings - st
Plan - Davwd
Procediks - Damia
U - D
1 I ‘IF'IM Sr tups - Daid

il Systerhs Test- Ryan Dand
Anatyes Test Data - A1t

il A

Al

jon Hardware Images - Aathony Dylan
Yaluate Pixel Exor - Anthony

ki System Adpustments - All

3[efe12 18 w2

Management
Remote Sensing
Image Processing
GNC

Mechanical

Electrical
Software

Full System Resest - Ryan, Dawa

| June 2017

24/ 27/ 3| 2 6§ 8 M

17 20| 23|28 29
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Name

meR
R
[rryy—
1aihA Paper
[ —
aFR
Finai Repon
Last Machining Day
[158P Camera Véorking on Linux
1 inetall Linus

Run Camara from Command Line

Run Camara 4om Script

| Sat Gxpose levels

| Taest in darkroom

|E143MP Camera Working on Linux

: Install Linus
Run Camera fom Command Line
Run Camera fom Scnpt

St cxposure [evals

Testin carzoom
Determine pixel errce
Ingegrate Camera weh Carrer Board
[Trsnstste Image Processing Coce lnte C
J%eprate Emaga ProCRSNG Code with System
Iopamize image Processng o o Ranges
Reduce Image Processing Tume
Testimage Procesaing on Simulated Images
Festimage Processing on Hardware Images
Re-Ershnte el Ervor
Monte-Cano Sematations o Kawnan Fite:
[riansiate Havigation Code to ©
Insearate GNC Code with System Architechire
Jie and Execute GNC Tost Scrpts
Rev A Canier Boara Schematcs
Rev A Camar Bosd Layout
PCH Review
Rove Schamatics
Rev B Carmer Boara Layout
Print ana Popusate Board at AC
| ETest Carvier Board
| Charactestes Cumsnt Oraw

Charactantze Bahanior on O-Scope

Verity Power Requirements are Mot

Verity Tharmal Effects are Acceptabie
Order and Recens Light Panal
Prck up Alurminum

Measure Light Pansl Dimensions
Mooty Light Bos Design
\Update CAD Drawngs
Manutacture Light Bax
WManutscture Pravminary Encasing
Vipdate CAD Drawing=
Manutachure Final Encasng
Ordne and Recaive Trood Head
1Ora6r 30 Rcoiver Laser Rangs FInder
Marsy Camara Stana Dazign
Lipdate CAD Drawngs
Manutactare Camera Stand
| Devesopment
Wits Sarvar Class
| wte Specscsa Comme Procsss
Wiite Walcndog Process
Fill out Messages
Upaate Busder and Parser
Spacecrst Packet Protocol

Load image File

| Ganerats dala input Nles
| 1 Unix Test

| Testcusses

| Eintegraton

| integrate Processes

Implement sxcechons.

INteQrat CAMEra arvars
Entagrason Testing
Test for Unacceptatée Anguéar Velecity

Test software on PCB

| Funsonware test

Somware Cooumentation

EVerity and Raview Test Design

| Emoc analysis and bnangs
Design Revew ! Manufacturing Plan

| Alignment Plan Procedure

Isanment process

‘.‘I actice Setups

Full Syatems Teat

lnahzs TestData

Make Systemn Agusiments

}ull System Retest

Decamber 2015

1

4

7

10

3

%

January 2017

0 22|25 28| 3

3

L)

9 12 15,18

24 27

30

st Linus - Antneny, Dylan

February 2017 March 2017 Agnil 2017 May 2017 June 2017
2 5 8 1M V|17 20|23 26| 1 4| 7|10 131619 22 25 20 I 3| 6| 9|92/ 15, 10 21| 24| 27| 0| 3| 6| 9 1215 1821 24 27/ 30 2 6 8 M 4 7 20 236 2
- Al
A
AL ABzIract - Paige Ryan
AA Paper - Paige Ryas
il AAA A
-
o s spo - AR
| @ 03242017 Last Machining Day
Camara Warking on Linus

{Run Camera srom Command Line - Anthony, Dytan

om Scapt - Seth Dytan

e bevels - Oytan

Testin daroom - Dyan Dada

1IMP Canjara Working on Linus
Iynstait Linw - Dytan
n C: Drtan
Run Scrift - Seth,Drtan
et - Drtan
dadroom - Dytan Diva
PR Oatefmine pixel arcoe - Anthony Dytan

Translate Image Processing Code intg

irdegrate image

Infograta Camera with Carrier Board - Mics

Systern - Anthany Seth

A

— 0 Carlo S sbons on Kalman Fille - Cameron

Transtate Navgation Cooe to

S .oy A Carner 30afd Schdmatics - Michaal
(R ov A §amier Boara Layout - Michael

1PCE Rewew - Ryan Michae!

'ﬁﬂﬁ B Schematics - Michsel
c

Catrver Board Layout - Mich)

Bl

8 Ranges - Anthony
[c# Inage Processng Time - Anthony

281 Dytan

900
Testimage Processing
I—~ Re &)

L

oI | 15 0re GNC Cope with System Arcnilecturs - Sein Cameron

Wate and Exacuts GNC Test Scripts - Cang

9

H

[Pick up Aufminum {Zadn

" Zacn

Zacn

ety Light Hox Dpslon
Update CAD Drlsmings - Zacn
i

Zach Dawd

ver

—
il Cha
P Char:
| venty
e

pUtate BOAID 3 AC - Michast
Faemer Board

ctonze Current Draw - Michasl

cterze Behawor on O-Scope - Michael
lower Requirements are Met - Michael
Thermal EXacts are Acceptadle

095 - Antony
on Hardware Images - Aathony Oylan
Yaluate Pixel Exor - Anthony

aron

bManagemem
‘Remote Sensing
flmage Processing
GNC

5Mechanica|
Electrical
SOﬂware

Test

y Ligh Bos - Zagh
Zacn
rJ (Update CAD Drawin@ - Zach
lJ Encaging - Zach
fach Davd
S |ckder 3nd Recener Liser Range finder - Z3dn Dawd
4 [Verty Camera Stang Design - Zficn Gavia
+—s{Update CAD Clranings - ZHch
| R Zacn
——————————— EU LT
33 - ot
Wite Spacecral Comns Procgss - Betn
(Wike Waldhdog Plocess - Seth
it ofit e St
Up anja Parser - Squ)
et
a— I Fie -Phige. Sem
e Mo - Zacty
Lol
-trw CY35305 - Gal
Processpq - Seth

=

Anthony.Seth Cameron

P iteorte camecs drivers - Seth Dytan
d

Testing

ol Tosifor Angutar Veloot|

—

Veety
Siysss ana Pndings - O

R ' Plan -

L

Procedu

sofware on PCR - Sath,
I (Fut Software Test- Sem
U somware Documentancy

-Due

]Fr:ms tups - Dand
1,

-Eu- Syster

-~ Setn
Wichas!

f - Ryan,Seth

ns Test- Ryan Danad
|Enlly¢! Test Data - A1t

(Make System acllsiments - All
L. Fuiflbrstem Retest - Ryan, Davd




E—-lErr‘f)r apalysis and b

Verify and
ndings -

Design Revigw / Manufactu

Alignment Dlﬂ Procedyre - David
|—-|— Alignmer|

R
d

bview Test Design
Dav|

fing Plan - David

t Process - Dayid

-lPracﬁce Sﬁtups - David

| February 2017 | March 2017 | April 2017
1518 21| 24| 27| 30| 2| 5| 8 | 11|14 7] 20|23 | 26| 1| 4 | 7 |10 43| 16| 19| 22| 25| 28|31 3 | 6 | 9| 12| 15| 18| 21| 24| 27 | :
. 7 R (SN i anéFan [ i Minal f e Ml L
Write Server Class - Seih
ecraft Coammg Procefss - Seth
Write V‘Vat dogl:Toce;T - Seth
- FJ g Management —
- 'cJZr angl Parser - Seth Remote Sensing IS
Spacgcraft Packet[ Arotocol - Setf) TR Frosog
Load|Image File - Paige,Seth GNC _—
—lll |Gengrate data inplit|files - Zach Mechanical I
Unit Tept Electrical e
Test Software —
» Integration Test
- Seth B ———
ht|exceptions - Anthony,Seth,Cameron
Integrate camera drivers - Seth,Dylan
Integration Testing
»Jll Test for Ynacceptable Angular Velocity: - Seth
+B | Test software on PCB - Seth,Michael
I | Full Software Test - Seth
E- Software Documentation - Ryan,Seth

ms Test - Ryan,David

Analyze Test Data - All

Make System Adjustments
Full System Ri




|February2017 | March2017  |April2017 |
242730 2[5 8[nm[1a[1r[20][23]26| 1[4 7[10]13]16]19]22]25[28[31[3[6[0[12]15]18[21]2a]27]:

(15[ 18] 21 |
— ; ; g DeVéiopment . i
Write Server Class - Seéth
Write Spacecraft Cammg Process - Seth
Write Watghdog P ocesT - Seth
= F‘ill oyt Messpges t Seth Management. SE—
- U pdﬂte BuikJ:r ang Parser - SeJh . Sensm‘g -
Spacgcraft Packet| Arotocol - Setl) image Procossing
= Load|Image File - Pai GNC _
—lll | Gendrate data inpyt Mechanical T—
Unit ] Electrical —
I | Test Software ——
» Integration Test
rs|- Seth
" Implement|exceptions - Anthony,Seth,Cameron
Intedmee camera drivers - Seth,Dylan
Integration Testing
»ill Testfor Ynacceptable Angular Velocity:- Seth

» Test software on PCB - Seth,Michael

Full Software Test - Seth
rl- Software Documentation - Ryan,Seth

Verify and Re¢view Test Design

E—-lErrF)r apalysis and b{ndings - Dav|d

Design Revigw / Manufactufing Plan - David

Alignment Tr: Procedyre - David
|—-|— Alignmerjt Process } Dayid

-|Practi S?tups - David
no -IF Il Systems Test - Ryan,David

= —»-IAn lyze Test Data - All

ake System Adjustments

Flll System Ri




Changes from CDR

* Manufacture light box before OSPRE encasing

— encasing dependency on finalized PCB layout
» Getting cameras working is now the majority of
the critical path

— team members have least amount of experience in this
area

— dependency for finishing OSPRE’s software, determining
the pixel error, and running a systems test

— may need to find external help

22



MANUFACTURING
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MANUFACTURING STATUS:
Structure

24



Structure - Scope

EXPLODED VIEW

Encasing Components

* Purchased
— 2-56 Jacksocket (x7)
— 2-56 Nut (x5)
— 0-80 Bolt [3/16in] (x4)

 Manufactured
— Top Sheet
« 0.016” Aluminum 6061-
T6 [5cm x 5cm]
— Bottom Plate
 Aluminum 6061-T6 Bar

« Alterations
— Machined spacers into
bottom plate
— 0.1 cm in height

25



Structure - Encasing

4X @ 0.1240.03 ¥ 0.4840.05

" (#56 TAP for 0-80 Thread)

f \O
5X ¢ 022003 _ |
—5X ¢ 0,40+0.03 (2-56 Thread Hole)
540,03
— R0.2540.03
&) ®)

5+0.03

BOTTOM VIEW SIDE VIEW 26
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Structure - Status

Component Source Status
Top Cover Construct ACQUIRED
Bottom Structure Construct ACQUIRED
2-56 Jacksocket (x5) Purchase PURCHASED
2-56 Nut (x5) Purchase PURCHASED
0-80 Bolt [% in] (x4) Purchase PURCHASED

Manufacturing Plan:
e Top Cover

o Manufacturing Process
m Where -- Aerospace Machine Shop
m How -- CNC Mill

o Due Date -- Feb 16th

e Bottom Structure
o Manufacturing Process
m Where -- Aerospace Machine Shop
m How -- Drill Press
o Due Date -- Feb 16th

28



MANUFACTURING STATUS:
Electrical

29



Electrical - Scope

Product Structure

Assembly, Navigation Module
— Assembly, Lower Housing

« PCB Assembly
— Assembly, Carrier Board

» PCB (IPC-6012 Class 2 from Advanced Circuits)
» |C Components (COTS)
— SOM (coTs)

— Camera Module (coTs)

— Housing, Cover

30



~ Electrical - Scope
e Product Integration

COMPLETED

Schematic

Release Layout

Release




Electrical - Status

Current Production Tasks

Status

Production Schematic Release (Rev A)
e Minor IC component changes based on availability
e “Bum-Down” IC design simplifications

BOM (Rev A)

Ready to order with layout release

ICD (Rev A)

IC Design support content aggregation
e Altium component models and footprints
e SolidWorks component models

Production Layout Release (Rev A)
e Development hardware study and measurement
e Very tight real-estate

LAYOUT IN PROGRESS
Design Review this week

Manufacture and Populate PCB
e Advanced Circuits, Aurora CO
e |IPC6012Class 2

PENDING
Quote and order waiting on layout

Design & Build Carrier-ZedBoard Test Cable

TO DO

w
N




MANUFACTURING STATUS:
Software

33



ZedBoard

Simulated
Spacecraft

Pointing

Adjustments

Solution

SOM Processor

Camera

Watchdog

Camera
Controller

Status

L

Req'uest
Image

Status

Inputs

Pointing

Navigation

Image
Camera

Adjustments

Image
Processing

Processed
Image Data
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Software - Status

Component Sub Tasks Status

OSPRE Server Classes

Application Communication All processes connect and send necessary IN PROGRESS
messages
Develop Space Packet Protocol

OSPRE Camera Control Determine Camera API IN PROGRESS

OSPRE Image Processing Translate Code from Matlab to C++ IN PROGRESS
Add Exception Handling

OSPRE Navigation Translate Code from Matlab to C++ IN PROGRESS

Algorithm Add Exception Handling

Software Integration Combine Navigation, Image Processing, Camera IN PROGRESS
Control and Software Architecture Code

Software Integration Put software onto hardware PENDING
Make sure communication between ZedBoard /
OSPRE is working

OSPRE Software Testing Full Mission Simulations with simulated Images PENDING

and simulated STK data

36




MANUFACTURING STATUS:
Test Equipment

37



Test - Scope

OSPRE SYSTEM-LEVEL TEST

OSPRE
Optical Target

Simulated S/C
Computer

&) osPRE Mount

Scaled to ECCE 2B49A

38



Test Equipment

LIGHTBOX

FRONT VIEW BACK VIEW

39



Test Equipment

LIGHTBOX
COMPONENTS

Encasing
Light Panel

Feet Screws \

Laser Range Finder

Front Panel

Circular Cutout
Alignment Wires

Alignment Wire

Mounts

Phased Moon Cutout EXPLODED VIEW

40



Test Equipment

LIGHTBOX FRONT PANEL

Manufacturing
Process:

e Drill Press /‘7 .

o Wood Screw

Holes /

o Power Hole

e CNC Mill :
o Centered Hole <t
o Moon Cutout
B ounts — ||

FRONT PANEL

41



Test Manufacturing Status

LIGHTBOX

COMPONENT SOURCE MATERIAL STATUS DATE DUE
Encasing Construct Plywood February 13th
Light Panel Purchase - NA
Stands Purchase Metal ORDERED NA
Adjustment Screws Purchase - ORDERED NA
Front Panel Construct Aluminum Plate February 10th
Laser Range Finder Purchase - ORDERED NA
Laser Ranger Mount Purchase - ORDERED NA
Alignment Wires Construct Steel Wire ACQUIRED February 11th

Alignment Wire

Construct Metal Screws ACQUIRED February 11th
Mounts

Lightbox Completion Due Date: February 13th 42



Test Manufacturing Status

OSPRE Mount - Materials in Possession _
AWAITING CONSTRUCTION Geared Tripod Head -

Max Weight:
11 Ibs

Estimated
Weight:
6.8 Ibs

Tripod Legs -

Due Date: February 17th



OSPRE SYSTEM-LEVEL TEST

OSPRE |
Optical Target

MATERIALS

Sturdy Test Stand -

Target -

DUE DATE
February 24th

44



Product Integration

Product Structure

+Assembly, OSPRE Navigation Module
—= Assembly, Lower Housing
7 PCB Assembly
—/} Assembly, Carrier Board
PCB (IPC-6012 Class 2 from Advanced Circuits)
|IC Components (COTS)
——  Camera Module (COTS)

SOM (coTs)
i

Software, Linux OS
L’f OSPRE Software Package

——= Software, Navigation Module

— Software, Image Processing Module
=  Software, Camera Control Module
= Fasteners (COTS)

 Housing, Cover
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Product Integration

Software Architecture Carrier Board Structure
Navigation S e System on _
Algorithms rocessing Module Encasing

Algorithms
Camera Camera
Controller Module
Algorithms
Load software onto Secure Carrier
Carrier Board Board to Structure
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BUDGET
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Budget

Significant purchases since CDR:

» Additional Snapdragon 410 Development Board

— Allow paralleling of development in both Linux and
Android

e ZedBoard

— Spacecraft analog allows primary software
Implementation

* Lightbox Materials

— LED Lightpanel
— Structural materials required for assembly

48



Budget

$1,600.00
$1,400.00
$1,200.00
$1,000.00

$800.00

Budget

$600.00
$400.00
$200.00

$0.00

$7,500.00 $7,500.00
N = M
] . i

71.4%  g40000 |7
£ 38.6%

60.6% 52.9%
AN AN ¢

« & & &

.sz’ 06(& \0& o gl
3

$6,000.00

$5,000.00

$4,000.00

$3,000.00

$2,000.00 —

$1,000.00

$0.00

N
~d
an

72.5%|

Total

— OMargin
OIn-Use

Total In-Use up 10.1% since
CDR

Total margin includes $500
for shipping
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Test Budget

$3,000.00
$2,500.00
$2,000.00
$1,500.00

$1,000.00

Subsystem Budget

$500.00

$0.00

Testing

@ Margin
OTo Buy

@ Purchased

Component

LED Lightpanel

Precise geared
tripod mount

Laser Range
Finder

Measurement
Materials

Structure

% Subsystem
Budget

5.4

13

8.7

13

28.3

Status

Purchased

Purchased

To Buy

To Buy

To Buy

50



Structure Budget

Subsystem Budget

$600.00

$500.00

$400.00

$300.00

$200.00

$100.00

S0.00 el

Mechanical

B Margin
@ To Buy
& Purchased

Component

Aluminum
Encasing

Moon Cutout
Sheet Metal

Lightbox
materials

% Subsystem
Budget
9.4

11.2

20

Status

Purchased

Purchased

To Buy
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Electrical Budget

$3,000.00

$2,500.00

$2,000.00

$1,500.00

Subsystem Budget

$1,000.00

Electrical

B Margin
B To Buy
& Purchased

Component % Subsystem
Budget

Snapdragon 410 | 40
Development Kit

ZedBoard 23
PCB 10
Connectors and 2
Components

Status

Purchased

Purchased
To Buy

To Buy
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Remote Sensing Budget

$1,600.00
$1,400.00
$1,200.00
$1,000.00

$800.00

$600.00

Subsystem Budget

$400.00
$200.00

$0.00

Optics

B Margin
@ To Buy
E Purchased

Component

13MP Camera

Additional Sony
Camera

% Subsystem
Budget

12

27

Status

Purchased

To Buy
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Management Budget

$700.00
$600.00
$500.00
$400.00

$300.00

Subsystem Budget

28
N
o
o
o
S

Admin

B Margin
B To Buy
M@ Purchased

Component

CDR, FFR, and
PDR Printing

MSR, TRR, SFR,
FDR Printing

% Subsystem
Budget

25

28

Status

Purchased

To Buy
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Thank You

LOCKHEED MARTIN jL/

Paige Arthur
Ryan Cutter
Seth Zegelstein
Michael Ricciardi

Anthony Torres

Cameron
Maywood

Dylan Richards
Zach Folger
David Walden

PM

Systems
Software
Electrical

Image
Processing

Navigation

Remote Sensing
Mechanical

Testing
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Backup Slides



Structure - Backup
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DESCRIPTION: MICRO-D HARWARE KIT - 2-56 THREAD

MATERIAACKSOCKETS:  BRASS
: A a ASS (3604
0133 3532 NICKEL PLATED
2-56 JACKSOCKET SPLIT LOCK WASHER:  STEEL
0124 (315 ZINC PLATED
2-56 NUT:  STEEL
ZINC PLATED

0122 [3.10]

2-56 INTI ERLAL‘IHREADS
— (THIS AREA)

s =

0187 [4.75] “ H
P — 0.080 [2.03)

0208 5.281

0.103 [2.621
0,003 (£0.07]

KIT INCLUDES:
(@) 2-56 JAKCSOCKETS
|—- 0033 [0.84] EE; gf‘s-g Nlt'.lqrcsK WASHERS

+10 o

SPLIT LOCK
0107 (272 J WASHER

NOT SCALE FROM DRAWING

THESE DRAWINGS AND SPECIFICATIONS ARE | DRAWN:

M. SIGMON
CHECKED:

[
1

ReHS GOMIPLIANTT - 160-380-001R031




Testing - Backup

60



Camera
Camera Target Target

Defines D1 and D3 in order to
allow the pointing angle calculation
between the center of the camera’s
frame and the center of the body

Light Box

Camera




Camera
Camera Pointing Error Target

Directly correlates to an error in the
pointing angle calculation.

Pointing angle error contributes to
total test error significantly

Light Box

Camera




Testing - Pointing Error

Original Pointing Error: Assumed 1 pixel of image processing error

RESULT: Below 50 km error goal 79.9% of the time
Below 100 km error goal 98.3% of the time

Revised Studies: Camera image processing achieves 2 pixels of error,
in other words double the original error assumed

RESULT: Below 50 km error goal 58.4% of the time
Below 100 km error goal 85.6% of the time

TAKEAWAY: The image processing error is highly significant to the total
system error and thus must be an area of significant validation and
testing prior to conducting system-level tests
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