
Cal Poly / OWL Integrations 

Dennis Derickson, Steve Dunton, Sammy Brunton, Victor Castro, Kevin 

Nottberg 

 Cal Poly Polytechnic State University

Bryan Knouse, OWL Integrations

LoRa Link Cube-Sat Mission
As Part of Cal Poly’s Sal-E Program

www.project-owl.com afwerx.comwww.calpoly.edu



February 2025 Link Test



Outline

• Partnering with a start-up company OWL Integrations to 
help their product development

•   LoRa modulation format for Low-Earth-Orbit Data Links
•  Hardware and Software and Test Development
 •  Balloon Launch Field Testing - June 2024
 •  Radio-Controlled Airplane Field Testing - Nov. 2024
 •  Cube-Sat LEO Satellite Testing as part of Sal-E mission
• Summary





1.Primary mission: Demonstrate Link
Demonstrate that a LoRa/CDP link can provide a reliable space Low-Earth-Orbit Communication 
link with low data rate and simple operation.
2. Secondary Mission: Characterize Parameters
Other LoRa links have been demonstrated to Low Earth Orbit in the past. Our unique 
contribution will be to thoroughly characterize the LoRa settable parameters and ground station 
requirements needs to produce a robust link.

We will demonstrate our LoRa hardware design in LEO



LoRa Radio Hardware Design

Space Hardware derived from updated 
radio design (both built & tested)

Cal Poly acts as start-up company  
OWL’s primary R & D branch



Field Tests demonstrate network ops over large area
Best performance at closest range (as expected)

Mesh
Network 1

Mesh
Network 2

Interconnection Nodes





Nov 23/24    2024Field Test Results

Field Tests demonstrate network ops over large area
Best performance at closest range (as expected) as well as 

strengthened signal when using repeaters (MamaDucks)

-120

-110

-100

-90

-80

-70
2.5 2.7 2.9 3.1 3.3 3.5 3.7 3.9

RS
SI

(d
Bm

)

Distance(km)

RSSI: Double Hop Repeater Transmission

-200
-180
-160
-140
-120
-100

-80
-60
-40
-20

0
0 0.2 0.4 0.6 0.8 1 1.2

RS
SI

Distance (km)

RSSI: Direct Beacon Transmission

RSSI(P6) RSSI(P5) RSSI(P9) RSSI(RC2)

0

5

10

15

2.5 2.7 2.9 3.1 3.3 3.5 3.7 3.9

SN
R(

dB
)

Distance(km)

SNR: Double Hope Repeater Transmission

SNR…

0
5

10
15

0 0.2 0.4 0.6 0.8 1 1.2

SN
R

Distance(km)

SNR: Direct Beacon Tranmission

SNR(P6) SNR(P5) SNR(P9) SNR(RC2)



Field Testing 
with Cal Poly 

Developed Radios

Initial Field Tests demonstrate
 space hardware>10 mi ]

with 25 dB Margin

Expect to close link at LEO
with low gain antennas and

Modest power

Additional Field Test Planned

Conclusion : THIS LINK 
COMBINATION WAS CAPABLE OF 
HANDLING A PATH LOSS OF 112 dB 
+ 25 dB = 137 dB. The SEMTEC 1262 
data sheet shows a sensitivity spec of -
130 dBm and an output power of 20 
dBm giving a 150 dB of measurement 
range with 0 dB SNR. We will use 1W+ 
TX power and gain antennas to 
improve link margins.



Thermal Vacuum Testing

Test setup:
• The SQuAD Board inside chamber
• The TX antenna in chamber
• USB test access from chamber

The Results:
• 0 BER (mostly)
• 2 minor glitches (BER <0.01)
• Internal temperature sensor data 

correlated to external measurements
• Overall good

Future Plan:
• Repeat TVAC fully integrated with 

host cubesat (SAL-E)



Vibration Testing
Vibrations Test:
• 2-axis pathfinder test last 

year successful
• 3-axis test performed March 2025
• Sine sweep and random vibration 

profiles

Vibrations Test Results:
• Generally nominal
• Excursion on some sensors did 

not appear on reference sensor 
(loss cable)

Pre and Post Vibrations Test:
• Nominal

Future Plan:
• Repeat test fully integrate 

with host cubesat (SAL-E)

Random X-axis Results

Random Z-axis Results

Sine Sweep Y-axis Results



New Ground Station Includes LoRa 
Payload Network Operations Center (NOC)

New Ground Station handles all 
payload/network ops (NOC) and 
can back-up Satellite Ops (SOC)



Summary

• Custom LoRa transceivers designed, built and tested for a 
LoRa Cube Sat communication interface in conjunction with 
Cal Poly’s Sal-E mission for Launch in 2026. Thermal Vac and 
Vibration testing in progress for the Sal-E mission.

• Goal is to investigate and demonstrate requirements for a 
robust LoRa-based Link to a Cube Sat in Low Earth Orbit.

• Will investigate a wide range of LoRa parameters and 
ground station needs for a successful 902-928 MHz up link.



Backup-Thermal Vacuum Testing
• Test setup:

• The SQuAD Board with a USB cable 
connected to it feeding outside to a 
computer was placed in the chamber 
with a half-wave dipole antenna as 
the TX antenna. 

• The TX antenna was then connected 
to a Duck Radio that would send 100 
packets every 15 minutes and at 
every interested temperature plateau. 

• The results:
• There was a 0 BER for all of the 

temperatures except 2 that were both 
less than 0.01

• The temperature sensors at each test 
gave very similar results to the actual 
temperature.

• Overall the test results were very 
good and showed that  the SQuAD 
board is able  to continuously function 
under different extreme temperatures.

Future Plan:
● We will be repeating this test at the end 

of the Spring Quarter when the SQuAD 
Board is fully integrated on SAL-E. 



Future Testing Area: 3 main nodes. With additional nodes scattered 
within the area to test a mesh network and paths it takes. 
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