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INTRODUCTION



Why CubeSats?
• During the past two decades, due to

their relatively low cost and short

production time, CubeSats have

been developed for both

educational and commercial use.

• Only a few universities have had

the opportunity to engage students

on actual CubeSat missions that

were launched into space.

• Great opportunity to teach

students about scientific missions

and NASA.



Student-Led CubeSat Mission Project

The project aims at inspiring, as well as developing a community of 

students to pursue STEM careers through a challenging, engaging, 

exciting, and constructive project that encourage problem solving, 

critical thinking, persistence and team work.  

Due to its low cost (~ <$500) and replicability, this project serves as a 

model for other colleges interested in engaging undergraduate and high 

school students in CubeSat design and hardware, based solely on 

inexpensive commercially off-the-shelf (COTS) components



The City University of New York (CUNY)

CUNY, located in New York City, is USA’s largest
urban public university. It provides high-quality,
accessible education for more than 269,000 degree-
credit students and 274,000 adult, continuing and
professional education students at 25 campuses across
New York City.

 11 Senior Colleges
 7 Community Colleges 
 The Graduate School and University Center 
 Macaulay Honors College 
 CUNY Graduate School of Journalism
 CUNY School of Law at Queens College 
 CUNY School of Professional Studies 
 CUNY School of Public Health
 CUNY Medical School

CUNY is USA’s largest urban university and one of its most 
diverse.



QCC Students are…

• Diverse 

• First-generation college students

• Immigrants

• Speak over 150 languages

• Part/Full-time workers

• Parents

• Academically diverse (some 
well-prepared; others math and 
science-challenged)



Space Science & Technology Curriculum

Table 1. Space Science & Engineering Design Systems Curriculum1

Item Purpose/Contribution Semester 

Train Peer-Project Team Leaders 
(PPTLs)/Teaching Assistants (TAs)

Contribute to course Lab Manual development & testing of equipment; 
tutorials; workshops; peer-mentoring

Fall

Course2 -Course activities foster a realistic environment for learning with 
hands-on applications enabling students to continue and enhance 
NASA CubeSat missions. course uses inexpensive commercially off-
the-shelf components (COTS) electronics.
-Introduction to CubeSat design practices
-Software simulation packages
-Assemble & test a Flatsat and CubeSat
-Operation/data collection & analysis

Spring 

Summer research internship3

(Optional)
10-week research internship onsite at NASA GSFC to expand
academic year experience 

Summer 

Synergistic Activities Recruitment, Mentoring, workshops & training; virtual community, 
etc.

Year-long

1Adapted from Damas, et al. (2020). A model of an integrated research and education program in space weather at a community college. Space Weather, 18, e2019SW002307. https://doi.org/ 
10.1029/2019SW002307 
2 Course was moved online due to the COVID-19 pandemic and ran remotely during Spring 2020 (hybrid) and 2021.
3 NASA campuses were closed during the pandemic and internships were remote.



Project Pathway

Research
1. Design constraints of building a 

1U COTS CubeSat
2. Science payload (sensors) to 

collect data

Design the CubeSat frame 
structure using Solidworks.

3-D print CubeSat frame 
and test fit all parts

Configure Raspberry Pi and 
Berry GPS – IMU & 

calibrate sensors for data 
collection

Present results at 
local/national meetings 

Test FlatSat & Assemble 
CubeSat. Perform 

environmental testing

Data collection & 
analysis

Students are given a challenge and worked in teams to : 



Engineering Design Process: NASA Beginning Engineering, Science & Technology
(BEST)

 Ask a question, what is the challenge ?
Is it possible to build and design a low budget 1U CubeSat for 
scientific research & technology demonstration? 

 Imagine a possible solution to the challenge. 
Use of COTS components and everyday household items are 
readily available and reduce budget. 

 Plan out a design and draw your ideas. 
Develop science research question; research instruments 
payload (sensors);  plan out design of CubeSat.

 Create and construct a working model. 
Construct FlatSat and CubeSat 

 Experiment and test model.
Test FlatSat and CubeSat

 Improve and try to revise model. 
Learn from failures and successes 

Link: 
https://www.nasa.gov/audience/foreducators/best/index.html

Credit: NASA BEST



CubeSat Mission Project

⮚ To design experiments to test the scientific and technological 

capabilities of four COTS (Commercially-Off-the-Shelf) CubeSats 

prototypes on Earth CSCOTS TeMP Mission has the following:

1. Two Science payloads (Particulate Matter & onboard 

magnetometer sensors)

2. Technology demonstration of both navigation and 

communication systems



CubeSat Mission Project

● Project development has three main phases:

 Phase 1: FlatSat development

 Phase 2: FlightSat development

 Phase 3: Data Collection

● Price tag < $500.  



Cubesat subsystem layout
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Raspberry Pi 4

Berry GPS-IMU V3

Reaction Wheels - 3D Printed 18650 Batteries

Raspberry Pi Camera Module V2

SDS011 Particulate Matter Sensor

GPS

. Figure 1. Subsystem Chart

Technology Demonstration

Science Payload Instrument



Project Development: Phase 1– FlatSat
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Raspberry Pi Zero

GPS-IMU Module

GPS Antenna 

Particulate Matter 
Sensor

DC Motor & 
Controller 18650 Li-ion Batteries

Voltage 
RegulatorDC Motor and 

Reaction Wheel

Camera

 Test components on a flat surface
before CubetSat assembly

 Components are laid flat, then
interconnected for power,
commanding, and telemetry.
Flatsat is used to test and
troubleshoot systems without
integrating everything onto the
structure.

 Easy to test, diagnose, debug and
change components

Flatsat system



Project Development: Phase 2– FlightSat
-Interns created their own designs in Solidworks and used Ender 3 Pro 

3D printer to print frames with Polyxxx (PLA).

-Such designs followed CubeSat Design Specification (2-3) 

(References: CDS, The CubeSat Program, Cal Poly) for the size of 

rails and body of 1U CubeSat

#1 #2

#3 #4

Type Team Engineering Technology 
Demonstrations,
Primary Science Instructurments

#1 Hoon Camera, Particulate Matter(PM) 
sensor

#2 Yang He Reaction Wheel Dynamics, 
Magnetometer, GPS 

#3 Brianna Gyroscope, PM Sensor

#4 Tricia Magnetometer, GPS



FlatSat & CubeSat Assembly



Controller and Sensors
• Raspberry Pi 3 A+

• Raspberry Pi HQ Camera

• BerryGPS-IMU V4
• GPS
• Accelerometer
• Gyroscope
• Magnetometer (Compass)
• Barometric/Altitude
• Temperature (inside)

• Particulate Matter (PM) Sensor

• UV Sensor

• CO2 Sensor

• Ambient Humidity and Temperature Sensor



Environmental Stress Tests

CubeSats are subjected to “environmental’ testing listed below:
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Test type Results

Passed Failed Comments

Shock Test(Drop from 3 ft) ✓ All modules working 
correctly, minor signs of 
dent on structure frames

Thermal Test (Cold, freezer) ✓ All modules working 
correctly after the test

Thermal Test (Hot, 
outdoors in car)

✓ Frame distorted but all 
modules fully functional

Vibration (Shake) ✓ All modules are in position 
and working properly 



3D Modeling and 
Design Constraints

• 1U CubeSat (10*10*11.35cm)

• Extreme Environment
• Ambient Temperature ~ 98 F
• Strong UV & Sun light

• Battery life > 3 hours

• Impact Forces
• Hitting ground
• Severe shaking

• COTS Material
• 3D Printed plastic parts
• Standardized Screws & Nuts



Project Development: Phase 3– Data Collection  (& Results)

GPS GNUPLOT scatter graph 1

GPS GNUPLOT scatter graph 2

Science instrument: Onboard magnetometer



Camera Ground Test



CHALLENGES AND LESSONS LEARNED



Challenges

3D design a challenge (learning new design software, high 
demand on computer resources)

3D printer errors causing pieces to either not align correctly or 
in some cases not fit at all.

Use of COTS materials that may not be reliable (product 
heritage).

Performing stress tests (not under well-controlled conditions)

Funding!!!!



Challenges: COVID-19

Everything moved online

Students’ home became labs

Coordinating student time and availability to meet and work with 
instructor, TAs and teams.

Shipped CubeSat kit to each student (costly)

Working remotely as a team 

No access to NASA facilities

Obtaining materials during the pandemic



Lessons Learned
Seek out subject matter experts (scientists & engineers). For this 

project, we worked with NASA engineers.

Train & make use of trained TAs 

Give students autonomy to decide how to organize and work on 
project with some guidance.

DO NOT underestimate students’ resourcefulness and willingness 
to work under pressure and as a team to undertake project they 
find interesting and worthwhile. True during COVID!!

Students learned to work both independently and in teams.  
Increased confidence & self-efficacy



CONCLUSIONS



Student-built CubeSats – 1st Iteration



Student-built CubeSats – 1st Iteration



Successful CubeSat– 2nd Iteration
(Launched via Balloon)



Successful CubeSat– 3rd Iteration
(Launched via Balloon)



Poster presented at 2022 Small Satellite Conference
Logan, Utah (virtual)
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