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Presentation Outline
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• Section 1: Mission Concept and Interfaces
• Section 2: Design Overview
• Section 3: Subsystem Testing Status
• Section 4: Integrated Subsystem Testing Status
• Section 5: Plan for FMSR
• Section 6: Project Schedule
• Section 7: Project Management
• Section 8: Conclusion
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1.0 Mission Concept and 
Interfaces

Stacie
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Mission Overview: Mission Statement
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• Create a virtual reality camera apparatus and record 
360° video of the RockSat-X 2020 sub-orbital flight for 
NASA’s Education and Outreach program
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Success Criteria

Minimum Success Criteria:
● Record footage from inside the payload in the event that 

the arm does not extend
● Receive telemetry data
● Recovery of virtual reality video

Comprehensive Success Criteria:
● Full extension and retraction of arm
● Recovery of camera and full quality video from both 

cameras

6

Success Criteria
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ConOps
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Rocket Skirt 
Separation
t ≈ 79 sec

Splash Down
t ≈ 876 sec

TE-R
t ≈ 85 sec

TE-R Arm Extension
MADV camera power on

MADV camera begin 
recording

GSE-1
t ≈  -30 sec
- Power On

- All Pi Systems On
- Pi camera recording

t = 0 min

TE-1
t ≈ 205 sec

Arm Retraction

Apogee
t ≈ 199.7 sec

Altitude: ≈153 km

End of Malemute Burn
t ≈ 28.7 sec

Altitude: 17.2 km

TE-2
t ≈ 310 sec

TE-2: Camera Power off 
and locked
Pi power off

Altitude

Chute Deploys
t ≈ 454.9 sec

Rocket Power Down
t ≈ 330s

ConOps
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Activation Sequence: CCofCO and WV
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School

Start
(sec 
only)

Start
(min, 
sec)

 Dwell 
(sec)

End
(sec 
only)

End
(min, sec) Comments

GSE-1 CCofCO T-30s
T-0min, 

30 s
Flight Flight Flight

Power to Pi 
and Pi cam power up and 
begin recording, power to 

sensors

GSE-2 WV T-180s T-3min Flight Flight Flight Power On

TE-R CCofCO T+85s
T+1min,

25s
Flight Flight Flight

Power to motor hat, arm 
extension and primary 
camera turns on and 

begin recording

TE-1 CCofCO T+205s
T+3min, 

25s
Flight Flight Flight

Arm Retraction, recording 
stopped

TE-2 CCofCO T+310s
T+5min,

10s
Flight Flight Flight

Lock Camera Power Off
Data Loss Prevention

TE-3 WV T+321s
T+5min,

21s
Flight Flight Flight Latch of Internal Battery

Activation Sequence: CC of CO and WV
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2018 Mission Timeline
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2020 Mission Timeline
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Pin Assignments: Power
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Power Connector--Customer Side

Pin Function
1 +28 Volts (GSE-1)

2
Timer Event 
Redundant (TE-RA)

3  WV

4  Timer Event 1(TE-1)

5  GND

6  GND

7  GND

8  GND

9  WV

10  Timer Event 2 (TE-2)

11  WV

12  WV

13  WV

14  WV

15  WV

Pin Assignments: Power
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Pin Assignments: Telemetry
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Telemetry Connector--Customer Side
Pin Function Pin Function

1 20  

2  21  

3  22  

4  23  

5  24  

6  25  

7  26  

8  27  

9  28  

10  29  

11  30  

12  31  

13  32  RS-232 Data (TP1)

14  33  RS-232 GND (TP2)

15  34  

16  35  

17  36  

18  37  

19    

Pin Assignments: Telemetry
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Updated Power Budget
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Updated Power Budget
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Payload LocationPayload Location
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Pointing
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PointingPointing

0

90

180

270

Zenith

Nadir

FWD/
Top

South North

Forward
(East)

Aft
(West)

South North

Payload
Extension
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Detailed Weight Budget
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Detailed Weight Budget

Approximate Total Mass Calculated in CAD: 
- 11.208 Lbs 

*** Includes the base plate ***

Estimated Hardware and Electrical weight
- ~ 1.338 lbs

Total Weight: 
- ~ 12.546 Lbs
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2.0 Design Overview

Anton 
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System Changes Since Last ISTR

Arm Members
- Added flanged bearings to arm members for increased structural integrity

Camera Case
- Changed the internal CAD design to the Camera Case to fit into the keep out zone and to hold 

selfie-stick adaptor for a solid connection for communication to the camera. 

EBox
- Flipped the Ebox to where the opening is facing the other direction 
- Added Sleeve for electronics mounting in EBox

Descoped
- Descoped the Pi Camera mount and added pi camera to the sensor mount
- Descoped the electronics card for a sleeve to optimize surface area for mounting electronics in the 

EBox

Fabricated
- Milled Arm Base Plate (Xometry)
- Milled Undertrack that holds limit switches (Xometry)
- Milled Custom spacers and Clevis Pins (Bri at Mines)
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Design Overview
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Design Overview
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Design Overview
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Design Overview
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Design Overview
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Design Overview
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Design Overview
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Design Overview
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Design Overview
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Design Overview
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Design Overview
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Design Overview

Extension and retraction of arm video

https://docs.google.com/file/d/1XzSnyKI0hBjrR8p1lGo1w4BeVH6qze-Y/preview
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Functional Block Diagram
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Functional Electrical Diagram

Changes made:

● Motor hat/motor power will 
come from TE-R line to prevent 
potential early deployment of 
arm if tied to GSE line.

● Pi camera will be wired directly 
to the pi 4, so not Pi Zero will be 
needed

● Sensors and Raspberry Pi are 
tied to GSE-1 line instead of 
TE-R.

● Using a 44 pin dsub instead of 37 
pin dsub to accommodate Pi 
Cam ribbon line pins.
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Functional Block Diagram
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Wiring Harness Diagram

● Wiring harnesses 
are ~75% 
mapped

● Using IC circuit 
for MADV 
control signals 

● Using a 44 pin 
dsub instead of 
37 pin dsub to 
accommodate Pi 
Cam ribbon line 
pins.
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Hazardous Mechanical Items

Materials
● Sealant - Potting Compound → Used around D-sub connectors 

Mechanical Operations

● Arm Extension

○ Extension : 34.5 seconds to fully extend

○ Full extension: 16 in from edge of plate 

● Arm Retraction
○ Retraction : 36 seconds to fully retract
○ Arm does not completely retract to starting position, but is within our 

bounds

Mechanical Interference

● Arm deployment will change the payload CG and MOI

26

Hazardous Mechanical Items
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Hazardous Electrical Items

● High voltage items/components
○ None

● Operational hazards
○ MadV Camera has Lithium ion battery (non 

removable)

27

Hazardous Electrical Items
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Special Requests

● If we must sacrifice the main camera for any reason, we 
have planned for the TE-2 timer to schedule a lower-quality 
video transfer and power down of the system.

● Secondary camera and all sensors can potentially be 
descoped.

● Our priority will be getting the main camera and arm 
system working to scope, and then we will incorporate 
secondary systems if possible

28

De-scopes and Off-ramps
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3.0 Subsystem 
Testing Status

Stacie & Cass
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Arm with Motor: 

● Arm is moving with 30 rpm motor
● Needs to test with camera mounted and wired down the arm
● Wire management along arm has been tested but not integrated

Subsystem Testing Status

30

Subsystem Testing Status: Arm
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Subsystem Testing Status
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Subsystem Testing Status: Arm
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● Able to fit and 
mount all needed 
electronics on 
E-box sleeve 

● Need to verify ESD 
safety of the 
proximity of 
components

Subsystem Testing Status
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Update on PartnershipsSubsystem Testing Status: Electronics
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● Able to control 
MADV with IC 
circuit, wiring 
simple

● Not able to 
download low res 
video to Pi after 
integration

Subsystem Testing Status

33

Update on PartnershipsSubsystem Testing Status: Camera Circuit
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● Code finished and 
tested and 
integrated onto flat 
sat

● Untested on entire 
system

Subsystem Testing Status
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Update on PartnershipsSubsystem Testing Status: Sensors/Pi cam
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Timing Events

● Implemented Save State
○ Checks for a value 1 -4 on reboot
○ Controlled by buttons - simulates events

Subsystem Testing Status

35

Subsystem Testing Status: Timing Events

Save Functions

Event Logic

State Functions
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Telemetry Module

● Completed code for all the sensors.
● Create storage array for all data.
● Made it possible to transmit data over serial port
● Test it with the yellow box

Subsystem Testing Status

36

Include pictures and/or screen 
shots of data or test

Include pictures and/or screen 
shots of data or test

Update on PartnershipsSubsystem Testing Status: Programming
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Primary Camera

● Full integrated
○ Split script into three parts on, record, data-dump/off

Subsystem Testing Status
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Subsystem Testing Status: Primary Camera

Old Test
Power On module



2019

ISTR

4.0 Integrated 
Subsystem Testing 
Status
Stacie
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Motor, Camera, Programming

Tested arm extension and retraction, with limit switches. Programming turns on 
camera after extension, begins recording, arm retracts, camera turns off. We were 
able to view video captured on app.

Integrated Subsystem Testing Status:Integrated Subsystem Testing Status

https://docs.google.com/file/d/1OvEAXs2oTjfZN-dZmKoHD1jDNFJ2tfKP/preview
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5.0 Plan for Full 
Mission 
Simulation Review 
Stacie
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Mechanical Testing
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Full Mission Simulation

● Dates will vary based when 
milled components arrive. 

● We are budgeting one week for 
actual plate integration, but all 
integrated subsystems will have 
been repeatedly tested by the 
time they arrive.
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6.0 Project 
Schedule 
Anton 
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Schedule

43

Schedule



2019

ISTR

7.0 Project 
Management 

Anton
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Team Structure
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Hardware and Parts Orders

46



2019

STR

Hardware and Parts Orders
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Hardware and Parts Orders
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8.0 Conclusions

Stacie
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Conclusion

● Concerned about the camera not being able 
to focus on the earth (not the rocket)

● Concerned with the code being able to 
shutdown power the usb so it can record.

● How to get image over serial connection, 
data transfer solution

● Make sure we can save high quality and low 
quality simultaneously

50

Conclusion
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Worries and Concerns

Greatest potential failure points with final design
● Waterproofing failure in electrical box or primary 

camera case
● Raspberry Pi failure
● Inability to change focus on camera FOV after camera 

has been turned off.

Potential failure mitigation plan

● Extensive testing of waterproofing components upon 
exposure of payload to extreme conditions

● Repeated testing and Raspberry pi, SD card backups 
along with extreme safety measures (anti-static 
transport, grounded mats, etc)

51

Worries and Concerns


