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Project solicitation

● Florida Space Grant Consortium

● NASA Kennedy Space Center

● Development of a standard Small Satellite (e.g. CubeSat range) platform 

for Life Sciences research 

● Usage of interchangeable research modules usable on Earth, in Low Earth 

Object, lunar orbit, aboard a lunar outpost (e.g. Gateway), and on the 

Lunar surface



Project Technical Gaps

Goal Category Gap Sub-gap Description

Main Hardware Environmental 
Monitoring

Root Zone 
Sensors

Lack of 
effective Root 
Zone Moisture 
Sensor

Stretch Crops Crop Performance Yield Database Incomplete data 
sets on yield of 
candidate crops 
in space 
environments



Goals and OBJECTIVES
Mission: 
Our mission is to design an environmental monitoring system for plants in 

microgravity (Lunar Orbit) and tackle NASA Technical Gaps.

Objectives:
● The data will successfully be gathered and transferred to the database from the 

humidity sensor, temperature sensor, light sensor, and camera units.

● The web app will display the sensor information and images of the plant 

outlining ideal conditions for plant growth.



Interviews Conducted
Name Background Discussion

Dr. Allen UCF MAE Department CubeSat structure

Dr. Colwell UCF Physics Department CubeSat feasibility

Karen Debaere UCF Biology Department Tissue culture

Stephen Dick UCF System Administrator Communication and antennas

Dr. Mason Plant Physiology Plant research

Dr. Massa NASA KSC Horticulture Plants in space

Dr. Nunez NASA KSC Flight Technologies Systems Engineering

Julia Walton Biology Laboratory Sterilization and labs



System ARchitecture



System ARchitecture



System ARchitecture



Arabidopsis thaliana specifications and Requirements

Aspect Description

Grown Size ~ 2-3 centimeters in diameter

Life Cycle Short life cycle about 6-8 weeks from 
germination to seed maturation

Grown Mass ~ 2.5 grams

Watering 
frequency

Sealed container retains moisture 
sufficient for operational period

Photoperiod 16:8



Nicotiana tabacum specifications and Requirements

Aspect Description

Photoperiod 18:6

Germination 7-10 days

Temperature 20-25 degrees C

Watering 
frequency

Sealed container retains moisture 
sufficient for operational period

Growth medium Murashige and Skoog

Weeks since 
planted

7 weeks by recording
8 weeks by final presentation



Hardware specifications and Requirements

● Dimensions: 6U (20cm x 10cm x 34.05cm)
● Camera: 720p-1080p, Images taken to be processed by server
● Temperature: ±1.0°C accuracy
● Humidity: ±3% accuracy
● Pressure: ±1 meter or better accuracy 
● Light Sensor:IR 550nm-1000nm (centered on 800), Visible 400nm-800nm 

(centered on 530)
● Spectral Color Sensor: able to detect not only the amount of light 

present, but also the amounts of light within 400nm - Near IR 
wavelengths



Payload specifications
● Review on small cube sizes:

○ 1U CubeSat is 10 cm × 10 cm × 11.35 cm.

○ 6U CubeSat is 20 cm × 10 cm × 34.05 cm. 
○ 12U CubeSat is 20 cm × 20 cm × 34.05 cm. 
○ Smallest existing CubeSat design is 0.25U and largest is 27U.

● Payload Dimensions: 6U (9.7 x 19.7 x 22.3cm)
● Research shows that: 

○ Payload mass- 7.2-7.8 kg (configuration dependent)
○ Available Payload volume 97 x 197 x 223 mm3

● Box is laser cut 0.25 plywood(10 x 15 x 20 cm)



Camera Selection
ArduCAM Mini (2MP) ESP32-CAM (2MP) IMX219 (8MP)

Image 
Resolution

1600 x 1200 1600 x 1200 3280 x 2464

Interface I2C/SPI I2C/SPI I2C

Voltage 3.3V - 5.0 V 3.3V - 5.0V 3.3V

Price $25.99 2 for $17.99 $27.99



Environmental Sensor Selection

BME280 MPL115A2 DS18B20

Interface I2C/SPI I2C 1-Wire protocol

Voltage 1.8V - 5.0V 3.0V - 5.0V 3V - 5.5V

Accuracy (temp., 
humidity, 
pressure)

±1°C,±3% ,±1 
meter

±1°C, no humidity,±0.1 ±0.5°C, no pressure, 
no humidity

Price $11.99 $9.95 $9.99



Light/Spectral Color Sensor Selection

AS7341 SI1145 TSL2591

Interface I2C I2C I2C

Voltage 3.3V - 5.0V 3.0V - 5.0V 3.3V - 5.0V

Operating Range IR, Visible Spectrum 
(8 channels)

IR, Visible Spectrum IR, Visible Spectrum

Price $25.79 $15.99 $8.95



Lighting Module SELECTION

WS2812 LED Matrix WS2811 LED Strip TRYSOMDIO Grow Lights

Voltage 5V 5V 5V

Addressable 
LEDs?

Yes Yes No

Size 3.15 in x 3.15 in 3.2 ft 12.87 in x 6.77 in x 
3.3 in

Price $11.99 $9.99 $21.99



WIFI MicroController - ESP8266

● Allows wireless transfer 
of data to our server

● Full WiFi front-end 
(client/access point)

● TCP/IP stack with DNS 
support

● Antenna trace: 2.4 GHz





Machine LEarning RAW AND LABELED IMAGES



Machine LEarning JUPyter NoteBook



Instance segmentation ON Server



Comparison model using u-net



Camera testing



System Design



Payload Design ON Fusion 360



Payload Design



Power requirements
Designing a power budget:

The budget is determined by orbit, efficiency of the photovoltaic cells. 

Evaluation can be simulated using tools like orbit simulators such as Systems tool 
kit(STK). This tool is also useful for communication simulations for satellites. 

Between this and data supplied by cubesat vendors 

Other Subsystems will require power that are necessary for space flight

 



Power Design
Electrical Power Systems

Given Estimated Power Production

19.2 watts per panel

38.4 watts

Estimated Average Payload Power Available

10-30 W

3.3V, 5V outputs

 



Power Supply
Because the system is a research platform we ended up using a 

external power supply using a 2.1mm power jack.

A variable power supply was ordered to provide the system a range 
of voltages for testing and system testing of the research 
platform. 

Universal Power Adapter 4V 5V 6V 9V 12V 15V 18V 19V 20V 24V 
Adjustable Switching Power Supply.

The system can also be run on a external 12v battery if ground 

testing requires.



MCU selection 

Several factors in determining the appropriate 
microcontroller for this project. 

Cost and capacity.

Can it store camera data and is their support?

There was only one choice choice is obvious 
among these options.



AtmEGA2560
-Is a low-power microcontroller that operates

between 4.5 and 5.5 volts 

-Capable of 16 MIPS and operates at 16 MHz 

using an external crystal oscillator.

-100 pins with 86 general purpose I/O lines

-16 10-bit A/D converter

-Operating temp -40 - 85



Hardware Design (Original)
Voltage Converter:

12V to 3.30V @ 3 (TPS56339)

Efficiency: 89.8%

Topology: synchronous switching step-down(Buck) 

12v to 5.00V @ 5A using (TSP565208)

Efficiency: 94.3% 

Topology: synchronous switching step-down(Buck)



Hardware Design
Voltage Converter:

12V to 3.30V @ 800mA each

Topology: linear Voltage 
Regulator

12v to 5.00V @ 1.5A each

Topology: linear Voltage 
Regulator



Hardware Design



Arduino IDE
Arduino Integrated Development Environment - 
or Arduino Software (IDE) - 

It contains a text editor for writing code, 
a message area and it connects to the 
Arduino hardware to upload programs and 
communicate with them.

Many of the sensors have libraries on github 
that allowed for simple integration with the 
arduino platform. 

  



aRDUINOjSON
ArduinoJson is on of the best 
libraries that allows for the 
serialization and transfer of data to 
the ESP transceiver module and then 
on send to the server. 

This was also useful for the parsing 
of data when it came time to display 
data on the server side. 

  



Programming the atmega 2560
Using ISP (AKA. ICSP) Arduino platform comes 
integrated with the ability to use its 
development boards as programmers for any of 
its supported chips. 

Future integration of a usb for 
communication was determined to beneficial 
because the space constraints for plugging 
in programing leads.

  



Lessons learned
Proper connectors would be beneficial to 
avoid the loose connection and issues 
associated with that. Or in the case of this 
system integrated circuit boards with leads 
to the sensors used. This relies on the fact 
is the entire system can not iterate easily. 

The Arduino platform is great for initial 
development but a Real-Time operating system 
for timing actions of sensors and sending 
data. This will reduce power consumption for 
some components being in an always on state.    



● Analyze pretrained model: Mask R-CNN using Synthetic Arabidopsis Dataset
○ Dataset size: 10,000 images
○ Images (width × height): 550×550 pixels
○ Output: instance segmentation

● Train new model: YOLOv5/U-NET using Synthetic Arabidopsis Dataset
○ Dataset size: 10,000 images
○ Images (width x height): 550×550 pixels
○ Output: instance segmentation

● Compare models
○ Accuracy of YOLOv5/U-NET to Mask R-CNN

Machine LEarning specifications and Requirements



Machine LEarning REmoTE SERVER



Machine LEarning UCF SERVER PROGRESS



Software Side - Overview

● Easily manage and compare data for scientists.

● Website, Database, and API



Web Requirements

Users can log in to see:

● History

● Notes

● Photographs

Notes:

● Compare

● Edit 

● Delete



Frontend Block Diagram



Prototype User Page



Prototype Data Page



Prototype Data Comparison Page



Data Path



Technologies Used

Websites & Apps Web Modified MERN Stack

GitHub JavaScript SQLite3

VSCode CSS ExpressJS

DigitalOcean HTML ReactJS

NodeJS



Web Application Hosting

Digital Ocean GitHub

Price Free $100 from Github 
Education

Free

Purpose Virtual Machine 
Hosting

Collaboration



Software success and challenges
Successes

● Useful libraries for React

● Hosting on DigitalOcean as a 

Droplet

Difficulties

● Transfer of data from physical 

sensors into database

● Swapping project focus from ISS 

module to satellite form



Team organization

Discord weekly meetings

Trello board

Google Drive

GitHub



Budget and finance Through UCF

Excluding shipping and handling expenses.

Item Amount Cost Total

Arabidopsis Wild-Type Seed, Pack of 200 1 $16.10 $16.10
HiLetgo 5pcs Micro SD TF Card Adater Reader Mod 1 $6.99 $6.99

Adafruit SI1145 Digital UV Index/IR / Visible Light 1 $15.99 $15.99
LED Grow Lights for Indoor Plants, Full Spectrum P 1 $21.99 $21.99

Magenta GA-7 Plant Culture Box with Lid, Karter Sc 2 $6.99 $13.98

Bicool AS7341 Spectral Color Sensor 8X Visible Spe 2 $24.99 $49.98

BTF-LIGHTING WS2812B ECO RGB Alloy Wires 5050SMD I 1 $11.49 $11.49

2 Pack ESP32-CAM WiFi Bluetooth Camera Module Deve 1 $17.99 $17.99

Arabidopsis Germination Medium 1 $2.23 $2.23

Total $151.81



Budget and finance Through Matt and NIck

Excluding shipping and handling expenses.

Item Amount Cost Total

Printed Circuit Boards 1 $21.00 $21.00
ESP8266 1 $15.98 $15.98

Arducam 2 $25.99 $51.98
Adafruit BME Sensor 2 $20.96 $41.92

Total Dissolved Solids Sensor 1 $13.99 $13.99

Jumper cables 1 $6.79 $6.79

Solder 2 sizes 2 $8.99 $17.98

Power Supply 1 $15.95 $15.95

ATMega2560 Chips 1 $38.99 $38.99

Printed Circuit Board Components 1 $50.00 $50.00

Petri dishes 1 $12.99 $12.99

MS Medium 1 $23.36 $23.36

Micro SD Card 1 $13.99 $13.99

Total $324.92



STEM DAY AT UCF



Working Prototype 



Next steps FOR future senior design teams
● Focus on edible leafy greens that help meet nutritional goals

● Grow test plants media in collaboration with Biology Department

● Incorporate a vent system for the payload for rate of diffusion

● Research Wisconsin Fast Plant (Brassica) instead of Arabidopsis

● Research connecting with the Deep Space Network for communication

● Conduct system vibration testing to simulate rocket launch

● Implement 3 layers of redundancy instead of radiation hardening

● Integrate and test solar panels to ensure independent power supply
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