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Introduction



Satellites
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Why are satellites important/useful?

- Enable:
○ Global Communication

■ Internet, TV, phone
○ Earth Observation: 

■ Climate, research
○ Navigation:

■ Location, timing services

to make life on Earth easier and better, 
provide security, and enable worldwide 
connectivity



Problem Description



The Problem:
The Challenge of Small Satellite Attitude Control
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Initial Problem:

● LEO satellites accumulate significant 
angular velocity ω0 on all three axes 
(tumble) upon deployment, rendering 
satellites unusable:

○ No stable communication

○ Inefficient solar charging

○ Inaccurate sensing and imaging

● Once detumbled, precise pointing is 
required for operations (e.g. alignment 
with Sun, Earth, etc)

The Solution: Attitude Determination 
& Control Systems (ADCS)

- Current ADCS Solutions are Not Ideal 
for Small Satellites
○ Large: Reaction wheels 

○ Power hungry: Ion thrusters

○ Expensive: Both!

Small satellites require a compact, 
low-power, cost-efficient ADCS 
solution that does not yet exist!



Proposed Solution



CHARMSat ☘

7

Innovative ADCS Module for Small Satellites!

Compact → Compatible with 0.5U satellites (10cm × 10cm × 5cm)

High-Accuracy → Main function: fast detumbling and pointing

Reduced-power → Complete detumbling in <7Wh (wow!)

Magnetorquer → Passive actuators (efficient, small)

Satellite → Completely local (no GPS or downlink needed)



GPS-Free Magnetorquer-Only ADCS
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Goal: Plug-and-Play ADCS Scalable Module

(user provides only power and requests, system alerts when action completed)

Five Subsystems:

1. PCB, Sensor Suite, and Circuit Design
2. Magnetorquer Design
3. Controls Software
4. Firmware
5. Structures and Thermal



1. PCB, Sensor Suite, and Circuit Design
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● Two Infrared imaging cameras: 
○ Horizon sensing 
○ Where are we pointed?
○ Captures images for processing to determine satellite’s 

orientation relative to Earth
● Inertial measurement unit (IMU): 

○ Measures angular velocity & acceleration
○ How are we spinning?
○ Uses accelerometer and gyroscope data to monitor 

rotational motion + magnetometer data
● Rad-tolerant MCU:

○ RTOS task management and central hub
○ How do we best control the satellite?
○ Uses sensor and bus data to make decisions

● Bus Power Input:
○ 3.3V 1A, 5v 1A, 6-9V 2A



2. Magnetorquer Design
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Magnetometer: Reads surrounding 
magnetic field. Determines satellite’s 
environment and provides data for 
magnetorquer controls.

Current through solenoid creates 
magnetic dipole which interacts with 
Earth’s magnetic field to generate torque

Why magnetorquers?

● Smaller, cheaper, and lower power 
than alternative actuators

● Aligned along x, y, z planes
● Completely passive (with fewer 

failure points)

Magnetorquer: Wire wrapped in coils around some 
geometry with properties that result in solenoid model physics.



3. Controls Software
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What does it need to do?

● Process sensor data to filter 
and combine raw inputs into 
actionable data

● Generate control signals to 
act as commands for 
magnetorquers

● Enable data exchange to 
ensure reliable 
communication with sat bus

● Design and produce a 
compact PCB with all 
necessary compute and 
interfaces on board

How?

● Control Algorithms
○ B-dot, PID, Kalman filter

● Sensor Data Processing
○ Collection, persistent storage, 

transmission
● System Reliability

○ Watchdogs, voting, parity



4. Firmware
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What is it?

- Custom NSL Packet structure 
interfacing

- Communications signaling
- Sending Requests to sat bus and 

decoding uplinks

Why is it important?

- Allows for proper integration of 
bus and payload to carry out 
information transfer

- Allows our payload to downlink 
data to Earth



5. Structural and Thermal
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What does this team do?

- Matching the structural interface given to 
us by NSL

- Integrating payload into physical housing
- Protecting electronics and payload from 

harsh launch and space conditions
- Performing critical thermal analysis
- Implementing essential thermal mitigation 

for operation in LEO with understanding of 
sensor temperature limitations

- Magnetorquer wrapping and potting



Demonstrated Features



March Integration & Demonstration
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1. Perform detumbling when released from the rocket, ω0 <0.5 deg/s on x,y,z
2. Complete detumble and any arbitrary attitude control in <7 Wh.
3. Calculate the necessary magnetorquer control signals with in-house 

designed algorithms.
4. Interface with NSL’s satellite bus, including uplink to an existing 

constellation (then communication back to Earth).
5. Process camera inputs to detect the horizon and conduct search for 

control directions

Will then get launched on Falcon 9 and operate in space! 



Available Technologies
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ICM-20948

Super low power 
consumption (3mW). 
Hermetically sealed so 
no helium leakage

HM01B0

4mW power 
consumption. Small 
(<5mm^2). High res 
enough for our algorithm 
(324x324)

Radiation tolerant, 
130mW max draw, 
Regular 3-20MHz clock, 
sleep clock 32.768kHz 

SAM3X8ERT H-Bridge

Bidirectional MTQ 
control (H bridge)



Engineering Content
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General Engineering - Project Stages
1. Brainstorming and ideation

2. Understanding requirements and specifications
3. Defining mission success
4. System design and subsystem planning
5. Preliminary Design Review
6. Subsystem design and analysis
7. Critical Design Review
8. Prototype production

9. Prototype testing
10. Prototype test analysis and improvements
11. Final system production and integration
12. Final system testing
13. Final system analysis
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Subsystem Engineering Tasks

1. PCB, Sensor Suite, and Circuit Design
- Schematic and Layout Design, Component Selection, Comms Protocols

2. Magnetorquer Design
- Material and Parameter Optimization, Power and Torque Characterization

3. Controls Software
- Attitude determination and control, sensor data acquisition, PID controller, 

Kalman Filtering, EOM determination, Horizon Tracking, RTOS
4. Firmware

- ICD requirements, packet construction, send requests and receive info
5. Structures and Thermal Systems

- NSL structural integration, component thermal analysis, potting, 
magnetorquer wrapping 
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Design Optimization

Schematic Design

SPICE Simulation

Preliminary Designs and Optimization



24

Preliminary Risk Analysis and Mitigation
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Preliminary Test Planning for Payload



Conclusion
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● Attitude Determination and Control Systems (ADCS) are essential.
● There exists no ADCS that is fully autonomous and "plug-and-play".
● CHARMSat delivers a compact, low-power 0.5U system with precise 

attitude control and detumbling
● Brings ADCS functionality to small, low-power, low-complexity satellites

CHARMSat represents a critical step toward democratizing space by 
enabling small satellite developers to achieve reliable, high-performance 
stabilization and control.

Conclusion


