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Concept of Operations - Deployment & Stabilization

Orbit Insertion   
& Deployment

B-Dot
Detumbling

Checkout

Panel 
Deployment

Stabilization 
(no command)
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Uplink Orbital 
Parameters



Concept of Operations - Charging & Imaging

Slew mode

Imaging and 
Communication
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Requirements/Trade Studies

Calculations/CAD Modeling

Modal/Stress Analysis

Drawing Package

Manufacture/Assembly

Testing





1)
2)
3)
4)

Payload Stack

Flight Stack

Structure

Deployment Mechanisms



Base

Top

End Cap Pos Z

Component QTY Material

Base 1 6061-T6 Al

Top 1 6061-T6 Al

Side Support 2 6061-T6 Al

Payload Bracket 2 6061-T6 Al

End Cap Pos Z 1 6061-T6 Al

End Cap Neg Z 1 6061-T6 Al

Structure Assembly

Side Support/PC 104 
Stack Payload 

Bracket

End Cap Neg Z
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ADACS Reaction 
Wheel Board

ADACS Control 
Board

Power S-Band 
Transmitter

UHF 
Transceiver

top
base

threaded rod

hex nut
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stack mount

threaded rod
Sentera Imager

hex nut
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Deploy 
Angle

Inertia 
Torque

Required Hold 
Open Torque

Max Spring 
Torque (4X)

Available Hold 
Open Torque

90 deg 0.049 lb-in 0.418 lb-in 1.12 lb-in 0.720 lb-in



Component QTY Material

Hinge Base 1 6061-T6 Al

Hinge Plate 2 6061-T6 Al

Torsion Spring 4 MW Steel

Pin 2 6061-T6 Al

M2 Torx Screw 6 18-8 SS

M2 Hex Nut 6 18-8 SS



●
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Vectran Cable

Tie Rod

Release 
Mechanism

Current Avg Cut Time in 
Vacuum

1.60 amps 2.6 sec



Switch 
Power/Current 

Rating

Switch 
Free Pos

Switch 
Operating Pos

Fastener Max 
Travel

Max Allowed 
Force on P-POD

Spring 
Constant

Compressed 
Force

Hold Open 
Force

1.25 kW/5 A 10.80 mm 8.20 mm 4.25 mm 0.674 lb 0.07 lb/mm 0.466 lb 0.169 lb

●



1) Flight Stack to Base 2) Payload Stack to Base 3) Side Support to Base 4) Top to Side Supports

5) End Caps 6) Deployment Hinges 6) Side Panels 6) Remaining Panels
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Earth

X (cm) Y (cm) Z (cm)
GLOBAL 0 0 0
Current CG 0.047 0.22 -2.76
Ideal CG 0 -2 0-7

2cm x 2cm x 7cm 

+X

+Z +Y

2cm x 2cm 



X (cm) Y (cm) Z (cm)
GLOBAL 0 0 0
Current CG -0.146 0.22 -2.76
Ideal CG 0 -2 0-7

2cm x 2cm x 7cm 2cm x 2cm 

+X

+Z +Y
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Additional calculations in backup slides

Fastener Size M3 Tensile Stress 
Area (AT)

Minimum Thread 
Engagement (Le)

Preload Force (Fi)
Required Torque 

(T)

M3 0.0024 in2 0.033 in 74.01 lbs 1.75 in-lbs
M2 0.0010 in2 0.022 in 32.08 lbs 0.51 in-lbs
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Component Material
Young's 
Modulus 

(GPa)

Poisson's 
Ratio

Density 
(g/cc)

Base 6061-T6 Al 68.9 0.33 2.70
Top 6061-T6 Al 68.9 0.33 2.70

Side Supports 6061-T6 Al 68.9 0.33 2.70

End Caps 6061-T6 Al 68.9 0.33 2.70

Payload Stack 
Mounts

6061-T6 Al 68.9 0.33 2.70

Rods Steel 200.0 0.30 7.85
PCB Boards FR4 21.0 0.127 1.85
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Modal

Random 
Vibration

Quasi-Static 
Loading Shock



●
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●

Random Vibration Spectrum

Frequency 
(Hz)

ASD Level 
(g2/Hz)

20 0.026
50 0.16

800 0.16
2000 0.026

Shock Spectrum

Frequency 
(Hz)

Acceleration 
(g)

100 24

270 195

2000 775

10000 775

Quasi-Static (Acceleration)

Global 
Coordinate

Acceleration 
(G)

X-direction +5

Y-direction +10

Z-direction +5
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Factor Value

Modeling, Kmod 1.25

Material, Kmat 1.25

Applied Loads, Kload 1.25

Min FOS 1.95





Mode Frequency 
(Hz)

1 475.87
2 481.77
3 481.96
4 482.99
5 483.22
6 485.96
7 486.17
8 486.94
9 775.61

10 776.70

● Typical launch vehicle frequency range: 50-90 Hz[3]

● Lowest natural frequency of the structure is 5 times larger than max vehicle 
frequency
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Load Case 1 Max Stress (Pa)
Material Random Quasi-static Total FOS 

Steel 4.50E+07 4.89E+05 4.55E+07 4.7
Aluminum 1.14E+07 1.30E+05 1.15E+07 6.1



•
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Load Case 2 Max Stress (Pa)
Material Shock FOS

Steel 1.72E+07 12.5
Aluminum 3.64E+06 75.8





Mode Frequency 
(Hz)

1 102.45
2 123.39
3 408.62
4 435.55
5 555.01
6 588.29
7 639.52
8 935.63
9 1016.7

10 1065.5

● Typical launch vehicle frequency range: 50-90 Hz[3]

● Lowest natural frequency of the structure is 1.14 times larger than max 
vehicle frequency
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Load Case 1 Max Stress (Pa)
Material Random Quasi-static Total FOS

FR4 2.80E+07 1.20E+06 2.92E+07 2.2
Aluminum 3.43E+07 2.58E+06 3.69E+07 9.5
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Load Case 2 Max Stress (Pa)
Material Shock FOS

FR4 1.96E+06 33.2
Aluminum 7.06E+06 39.1
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● Main Solar Array along -X axis
○ 3 different 10 x 34 cm arrays

● Secondary solar arrays along +/- Z 
axis and +X axis
○ Each 9.5 x 9.5 cm arrays

+X

+Y

+Z

Solar Cells

Power 
Distribution 

Board
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2.

All Contained on 
Integrated Solar 

Panels on 
Outside of 
Cubesat

All Contained on 
Custom Internal 

Power 
Distribution Board
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Key Components
1. Solar Panels

a. connected to 4 battery charges
b. House made with TrisolX Solaw Wings

2. Battery Chargers
a. Connected to solar panels and 

batteries
b. LT LTC-4001

3. Battery Array Monitor
a. Connected in parallel to entire battery 

array
b. TI BQ27742-G1

4. 26V DC-DC Converter
a. Connected to battery array and Imager
b. On/Off controlled by OBC
c. TI LM3481-Q1

5. 5V DC-DC Converters
a. Connected to battery array and 5V bus
b. On/Off controlled by OBC
c. TI LM2621

6. 3.3V Dc-DC Converter
a. Connected to battery array and 3.3V 

bus
b. On/Off controlled by OBC
c. TI LM3671-Q1

Solar Panel Layout Described on Slide 78 Component Selection Criteria in Backup Slides



•
•

‒
‒
‒

•

•
‒
‒
‒
‒
‒
‒
‒

https://mailuc-my.sharepoint.com/:w:/g/personal/lamberrd_mail_uc_edu/EfYUr7s5HxFMsCBJtTJu0IQBvUG2czHgFl4am1exiv-Mog?e=cqr1i1
https://mailuc-my.sharepoint.com/:w:/g/personal/lamberrd_mail_uc_edu/EfYUr7s5HxFMsCBJtTJu0IQBvUG2czHgFl4am1exiv-Mog?e=cqr1i1


Imaging: 0.25 [hr]
Standby Sun: 0 [hr]
Standby Dark: 0.75 [hr]
UHF Beaconing: 0 [hr]
S-Band and UHF: 0 [hr]
Detumbling: 0 [hr]
Data Compression: 0.5 [hr]

Takes 5.1 Charging Orbits to 
accrue req. charge

Imaging: 0 [hr]
Standby Sun: 0.5 [hr]
Standby Dark: 0.75 [hr]
UHF Beaconing: 0.05 [hr]
S-Band and UHF: 0.45 [hr]
Detumbling: 0 [hr]
Data Compression: 0 [hr]

Takes 5.6 Charging Orbits to 
accrue req. charge

Imaging: 0 [hr]
Standby Sun: 0.75 [hr]
Standby Dark: 0.75 [hr]
UHF Beaconing: 0 [hr]
S-Band and UHF: 0 [hr]
Detumbling: 0 [hr]
Data Compression: 0 [hr]
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Imaging

UHF Comm
S-Band Transmission 



26V 
Converter

5V 
Converters

3.3V 
Converter

Solar Panel 
Inputs

Battery and 
Charger Combos

System Health 
Monitor

Closeup of each component in Backup Slides

PC-104 
Stack
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Power BoardSolar Panel

iv.

iv.
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Each 1U face is 
connected to the 
power board via a 
picoblade connector 
as shown 



Component Selected to Use

Encapsulant NuSil CV10-2500

Solar Cells TrisolX Solar Wings
28% Efficient GaAs TJ

Adhesive Epo-Tek H20E

Solder Wire
31 AWG

Sn95.5Ag3.8Cu0.7

Bypass Diodes Diodes Inc. BAS40-04T

Printed Circuit Board Advanced Circuits FR4

End Connector Molex PicoBlade

Integrated circuit in PCB
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○
○
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Laser Cut Positioning Guide
Brown Space Engineering (iSAT)

●

●

●





Likelihood

5

4

3

2

1

1 2 3 4 5

Consequence

1. Critical failure of CubeSat solar array to deploy resulting in 
loss of solar panels
a. Mitigation: Solar panels will remain functional in an 

undeployed state, although mission will not operate 
at peak efficiency, the mission can still continue at 
min power states (as per analysis done on 
12/02/2018) 

2. Critical battery failure before end of mission
a. Mitigation: Mounting the batteries in parallel, in 

addition to having an extra battery ensures that the 
mission can continue with one non-catastrophic 
battery failure.

3. Failure of DC-DC converter to one of the main power 
buses
a. Mitigation: Extensive testing (to the point of fault) 

will be conducted on all integrated chips on the 
power system.

4. Amperage overdraw causes grey-out of the power system 
leading to a secondary fault
a. Mitigation: Not allowing the operation of multiple 

systems on the same voltage bus, along with 
monitoring of the system via the BQ27742 health 
monitor

1

2

3

4

1

2

34

Pre-Mitigation

Post-Mitigation

References and reasoning for 
placement located in backup slides
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Likelihood

5

4

3

2

1

1 2 3 4 5

Consequence

1. Critical failure of CubeSat structure due to launch loads
a. Mitigation: The structure will be designed to a Factor of 

Safety of 2 for static loads and Random vibration loads 
as per GSFC-STD-700.

2. Critical failure of CubeSat solar array to deploy resulting in 
loss of solar panels
a. Mitigation: Solar panels will remain functional in an 

undeployed state, although mission will not operate at 
peak efficiency, the mission can still continue at min 
power states (as per analysis done on 12/02/2018).

b. Mitigation: Extensive testing will be conducted on all 
deployment systems to learn failure points and adjust 
design before launch.

3. Loosening of fasteners due to launch vibrations
a. Mitigation: Thread inserts and secondary locking 

feature will be used at all fastener locations.
b. Mitigation: Assembled structure will be tested on a 

sinusoidal vibration shake table to determine any issues 
prior to launch. 

4. Critical failure of camera door resulting in mission failure 
a. Mitigation: Only use camera door for storage and 

transportation purposes. Remove door in clean room 
during P-POD integration.

1

23 4

1

2

34

Pre-Mitigation

Post-Mitigation





Total 
Allowable 

Mass

Current 
Total Mass Uncertainty

Max 
Expected 

Mass
Margin Percent 

Margin

500.00 g 449.07 g 9% 495.94 g 50.93 g 10.19%

● Structure
○ Margin will be used to adjust final CG closer to +X, Earth 

facing side of satellite.

● Total Cubesat 

Total 
Allowable 

Mass

Current 
Total Mass

4000.00 g 3297.82 g





● Camera direction: +x axis

+X

+Y

+Z
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1. Critical failure of CubeSat structure due to launch loads

Charts from NASA IV&V Risk 
assessment Matrix

KEY:
Pre Mitigation:
Post Mitigation:

Likelihood: Past mission failures were reviewed[5]. Less than 4% of 
the total CubeSat failures were the result of a structure or 
deployable failure. 

Original State: Material yielding due to the launch loads could 
result in a mission failure if the damaged structure is unable to 
Mitigation: The structure will be designed to a Factor of Safety of 2 
for static loads, 1.25 for Sine loads, and 1.6 for Random vibration 
loads as per GSFC-STD-700.  
Expected Mitigation Result: Designing the structure to the correct 
FOS will allow the system to survive all launch loads. 



2. Critical failure of CubeSat solar array to deploy resulting in loss of solar panels

Charts from NASA IV&V Risk 
assessment Matrix

KEY:
Pre Mitigation:
Post Mitigation:

Likelihood: 4% of the total CubeSat mission failures were the result 
of structural or deployable mechanisms[5]. 44% of failures are due to 
the power system failure.
Original State: Failure to deploy solar panels will result in no net 
power production and an end to mission upon depletion of the 
battery
Mitigation: Solar panels will remain functional in an undeployed 
state, although mission will not operate at peak efficiency, the 
mission can still continue at min power states (as per analysis done 
on 12/02/2018) and all req’s except L1-P3 (as imaging charging will 
take several days of orbits). Extensive testing will be conducted on 
all deployment systems to learn failure points and adjust design 
before launch.
Expected Mitigation Result: With the ADCS system operating in a 
low power state the satellite can accrue enough energy to image in 
approx 80-150 charging orbits (depending on beta angle)



3. Loosening of fasteners due to launch vibrations

Charts from NASA IV&V Risk 
assessment Matrix

KEY:
Pre Mitigation:
Post Mitigation:

Likelihood: Up to 50% of the bolt preload can be lost due to launch 
vibrations [4]

Original State: A fastener removed from the launch vibrations could 
result in a subsystem or structural component becoming loose and 
thus not performing correctly.
Mitigation: Thread inserts and a secondary locking feature will be 
used at all fastener locations. Assembled structure will be tested on 
a sinusoidal vibration shake table to determine any issues prior to 
launch. 
Expected Mitigation Result: The thread inserts and locking feature 
will keep the fasteners secured during launch. Testing will ensure 
the selected locking feature is adequate. 



4. Critical failure of camera door resulting in mission failure

Charts from NASA IV&V Risk 
assessment Matrix

KEY:
Pre Mitigation:
Post Mitigation:

Likelihood: Past mission failures were reviewed[5]. Less than 4% of 
the total CubeSat failures were the result of a structure or 
deployable failure.
Original State: Failure to deploy the camera door will result in a 
complete mission failure since no images can be taken with the 
door closed.
Mitigation: No new designs, only mechanisms with flight heritage. 
Extensive testing will be conducted on all deployment systems to 
learn failure points and adjust design before launch.
Expected Mitigation Result: With the ADCS system operating in a 
low power state the satellite can accrue enough energy to image in 
approx 80-150 charging orbits (depending on beta angle)



Hinge Base Solar Panel Hinge 
Plate

3U Solar 
Panel

Torsion 
Springs





1. Critical failure of CubeSat solar array to deploy resulting in loss of solar 
panels

Charts from NASA IV&V Risk 
assessment Matrix

KEY:
Pre Mitigation:
Post Mitigation:

Likelihood: 4% of the total CubeSat mission failures were the result 
of structural or deployable mechanisms[5]. 44% of failures are due to 
the power system failure.
Original State: Failure to deploy solar panels will result in no net 
power production and an end to mission upon depletion of the 
battery
Mitigation: Solar panels will remain functional in an undeployed 
state, although mission will not operate at peak efficiency, the 
mission can still continue at min power states (as per analysis done 
on 12/02/2018) and all req’s except L1-P3 (as imaging charging will 
take several days of orbits). Extensive testing will be conducted on 
all deployment systems to learn failure points and adjust design 
before launch.
Expected Mitigation Result: With the ADCS system operating in a 
low power state the satellite can accrue enough energy to image in 
approx 80-150 charging orbits (depending on beta angle)



2. Critical Battery Failure 

Charts from NASA IV&V Risk 
assessment Matrix

KEY:
Pre Mitigation:
Post Mitigation:

Original State: Battery failure can lead to an off-nominal 
operational mode and possibly mission failure due to the short 
circuiting of all other batteries in the array by the failed battery.
Mitigation: By designing the battery array with large voltage cells in 
a parallel configuration a battery failure will not create a short or 
circuit break, and thus not hinder operation of the rest of the array. 
Although this will reduce power storage abilities, when writing req 
L3-PWR4 (Energy Storage) for 40Whr of storage the possibility of 
the loss of a battery was taken into account. The satellite only 
needs approx. 30 Whrs of storage for nom op (with deeper cycling).
Expected Mitigation Result: By carefully monitoring battery charge 
and discharge states to prolong life of any non failed batteries, the 
mission should be able to proceed nominally. 



3. Failure of DC-DC converter to one of the main power buses

Charts from NASA IV&V Risk 
assessment Matrix

KEY:
Pre Mitigation:
Post Mitigation:

Original State: A failed DC-DC converter will create a break 
resulting in no power connection along the entire associated bus 
causing total failure to all connected components.
Mitigation: Extensive testing (to the point of failure) of converters in 
simulated environments and loads including but not limited to: 
current overdraw, thermal cycling, vacuum exposure, and static 
discharge.
Expected Mitigation Result: Failures in only 20% off all tested 
specimens over a simulated lifetime of operation in hours of 
expected uptime.



Charts from NASA IV&V Risk 
assessment Matrix

KEY:
Pre Mitigation:
Post Mitigation:

Original State: To much Amperage overdraw through a single 
voltage bus can create a current shortage in another voltage bus, 
thus causing component failures on the latter bus.
Mitigation: Not allowing the operation of multiple high current 
systems on the same voltage bus in orbital operational modes, 
along with monitoring of the system via the BQ27742 health 
monitor, which can detect and alert on board software of a grey-out 
condition. Furthermore software implementation with ammeters on 
each voltage will be included to compare expected and actual 
amperages, and create an off nominal mode if a difference greater 
than 20% is present
Expected Mitigation Result: Software and mission planning that 
successfully prevents unintended grey out scenarios.
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http://www.youtube.com/watch?v=oc8OKqzkULo




Color ux uy uz

0 FREE FREE

FREE FREE 0

0 0 0

FREE 0 FREE

FREE FREE FREE

● P-POD boundary



Element Type Number of 
Nodes

DOF       
Per Node Component

Tetrahedral 10 3 Base
Tetrahedral 10 3 Top
Tetrahedral 10 3 Side Supports
Tetrahedral 10 3 End Cap
Hexahedral 20 3 Rods
Hexahedral 20 3 PCB Boards









https://drive.google.com/file/d/1cyK8e7UvDgWtl21troURX8Wi8TvZ_57P/view?usp=sharing
https://drive.google.com/file/d/1cyK8e7UvDgWtl21troURX8Wi8TvZ_57P/view?usp=sharing


https://drive.google.com/file/d/1L4v8I7J_j-9WkefKRJnPpRJkIBv87L5z/view?usp=sharing
https://drive.google.com/file/d/11Eoz4Fup4BfFBRn68I56nuy2noQz3eD4/view?usp=sharing










P-Channel MOSFET - 50V 170mA (Ta) 
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*Typical values from the Aluminum Association

Criteria Weight 7075-T6 Al Grade 6061-T6 Grade 5005-H38 
Al Grade 5052-H38 

Al Grade

Yield Strength (MPa) 20% 503 276 3 186 2 255 3
Elastic Modulus (GPa) 25% 71.7 4 68.9 4 68.9 4 70.3 4
Density (g/cc) 25% 2.81 4 2.70 4 2.70 4 2.68 4

20% 4 5 4 3
Machinability 10% 3 4 3 3
Average 3.80 4.00 3.40 3.40
Weighted Average 3.90 4.00 3.50 3.50



•

•

Criteria Weight Coil Grade Standard Wall Grade
Required OD 50% 4 mm 5 6 mm 3
Flight Heritage 40% Many Examples 4 Many Examples 4
Cost 10% $16 4 $40 3
Average 4.33 3.33
Weighted Average 4.50 3.40

Criteria Weight Loctite Red 271 Grade Loctite Blue 242 Grade
Permanent 20% Yes 4 No 5
Flight Heritage 70% Many Examples 5 Many Examples 5
Cost 10% $40 4 $37.39 4
Average 4.33 4.67
Weighted Average 4.70 4.90



•

Criteria Weight Electric Motor Grade Spring Loaded 
Hinge Grade Compression 

Spring Grade

Power Requirements 40% 1-5 W 3 None 5 None 5
Volume 20% Large 2 Small 4 Small 4
Flight Heritage 20% Unknown 2 Many examples 5 CUTE-1 3
Cost 20% $206.50 3 $100 4 $80 4
Average 2.50 4.50 4.00
Weighted Average 2.60 4.60 4.20



Criteria Weight Electric 
Motor Grade

Nichrome 
Wire 

Mechanism
Grade HOP 

Actuator Grade

Power 
Requirements

40% 1.5-5 W 3 0.9 W 4 5-40 W 2

Volume 20% Large 2 Small 4 Small 4

Flight Heritage 20% Unknown 2
Many 

Examples
5

Larger 
Satellites

3

Cost 20% $206.50 2 $160 4 Unknown 2
Average 2.25 4.25 2.75
Weighted Average 2.40 4.20 2.60
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Solder Wire

Solar Cell Adhesive

●

●
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http://www.trisolx.com/wp-content/uploads/2016/07/TrisolX-Solar-Wing-Data-Sheet-160701.pdf

http://www.trisolx.com/wp-content/uploads/2016/07/TrisolX-Solar-Wing-Data-Sheet-160701.pdf


Criteria Weight 1N5400 Grade BAS40-04T Grade SBR10U45SD1 Grade SBR10U45SP5 Grade SM74611 Grade

Type Rectifier Schottky Diode Bypass Diode Bypass Diode Bypass Diode
Supplier Mouser Mouser Mouser Arrow Mouser

Study
Brown Space 
Engineering

SwampSat for solar panels for solar panels N/A

Size 10% ~9mm x 5mm 4 1.6mm x 1.6mm 5 ~9mm x 5mm 4 6.5mm x 4mm 4 10mm x 15.5mm 3
Height 5% ~5mm 2 0.75mm 5 ~5mm 2 1.1mm 4 4.5mm 2

Weight per 
Diode

20% 1.12 g 3 0.002 g 5 1.21 g 3 0.093 g 4 1.95 g 2

Forward Voltage 20% 1.1 V 2 0.38 - 1 V 2 0.47 V 3 0.47 V 3 26 mV 5

Leakage Current 20% 5 - 100 μA 4 200 nA 5 0.3 - 75 mA 3 0.3 - 75 mA 3 0.3 - 3.3 µA 4

Operating 
Temp.

5% -65 to +150 C 5 -55 to +125 C 4 -65 to +150 C 5 -65 to +150 C 5 –40°C to 125°C 3

Price 20% $6.65 5 $9.05 5 $18.90 4 $9.26 5 $78.50 2
Purchase Amt.* 25 25 25 25 25

Avg. 3.57 4.43 3.43 4.00 3.00

Weighted Avg. 3.55 4.35 3.35 3.85 3.15

https://www.mouser.com/ProductDetail/Diodes-Incorporated/1N5400G-T?qs=sGAEpiMZZMu66sM6%2bQWmPw5lOe6HpIL9
https://www.mouser.com/ProductDetail/Diodes-Incorporated/BAS40-04T-7-F?qs=sGAEpiMZZMu0qWHJMhxF8GimSOH1kGZq
https://www.mouser.com/ProductDetail/Diodes-Incorporated/SBR10U45SD1-T?qs=/ha2pyFadugJLQ8j5xhfJavgt6BHfmuWFa3prNoWS1zDKlv0LXf8/A%3d%3d
https://www.arrow.com/en/products/sbr10u45sp5-13/diodes-incorporated
https://www.mouser.com/ProductDetail/Texas-Instruments/SM74611KTTR?qs=KLh5H0KA3CMOyzy9HDzESA%3d%3d
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BAS40-04T

https://www.mouser.com/datasheet/2/115/ds30265-79274.pdf
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https://www.edmundoptics.com/p/handi-vac-dissipative-kit/14525/
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Components







Imaging Mode:
1. In range of imaging.
2. Battery level at least 80%.

UHF Beaconing Mode:
1. About to be in range of communication.
2. Battery level at least 85%.
3. Not in range to image.

S Band Down Link Mode:
1. In range of communication
2. Battery level at least 85%.
3. Have a compressed image available.
4. Not in range to image.

UHF Uplink Mode:
1. In range of communication.
2. No image stored.
3. Battery level at least 85%.
4. Unable to Image

Data Compression Mode:
1. Current location in sunlight.
2. Battery level at least 65%.
3. Image ready to be compressed (have imaged).
4. Have not exceeded 30 minutes per image.
5. Not able to communicate.
6. Not able to image.

Charging Mode:
1. No other mode active.
2. Current Location is in sunlight.

Standby Mode:
1. No other mode.
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