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PROJECT OBJECTIVE AND GOALS

Mission Statement ‘Develop a plant. habltatlon system to produce hlgh yield plants and reduce crew

time operatron usrng data gathered from sensors that monitor the conditions of the plant hab1tat10n

system.

Goals: B ; , ) \
° »The.ability to grow supplemental food through plant crops wpuld ailow humans to explore deep
space with 1ong-term‘missionsﬁv l _ k k |
Lol Growing food will also provide a‘solutioh to rid the constant costly supply of packaged food
- from Earth that 1s currently the standard for a permanent presence 1n space.
e The data will successfully be gathered and transferred to the database from the hum1d1ty
sensor, temperature sensor, pH sensor, and camera units. &
.e - "The web‘app will display the sensor ihformation and images of the plant outlining ideal

conditions for plant growth: '



Missioh Statement°
Our m1531on 1s to de31gn an env1ronmental monitoring system for plants in

m1crograv1ty

Goals: _
o The'data will successfully be gathered and transferred to the database
: from(the humidity sensorp temperatuie‘sensor pH sensor, and camera units
o The web app will dlsplay the sensor information and 1mages of the plant

N outllnlng ideal. condltlons for plant growth.



 PROJECT LIFE CYCLE

NASA Life-Cycle ‘

on FORMULATION : IMPLEMENTATION

Phases

Project Life-Cycle Pre-Phase A: Phase A: Phase B: Phase C: Phase D: Phase E: Phase F:
Phases Concept Studies Concept and Preliminary Design Final Design and System Assembly, Operations and Closeout

Technology and Technology Fabrication Integration & Test, Sustainment
Development Completion Launch & Checkout

Project Life- KDP A KDP B KDP C KDP D KDP E\/ KDP F
Cycle Gates, FAD f Ei E FA

Documents, and | preliminary Project/N\|  Preliminary Baseline Launch End of Mission Final Archival
Major Events Requirements ProjectPIanA Project Plan AN L of Data

Agency Reviews
gency ASM’

gl A AA A A A AN A AN
Life-Cycle SRR SDR PDR CDR/ ORR FRR PLAR CERR* DR

Reviews'? A A A PRR? Inspections and A .
e-enters appropriate life-cycle Refurbizhment - Endof F"gh%

Re-flights phase if modifications are <
Robotic Mission needed between flights PFAR

Project Life Cycle AA A D

Reviews'? SRRMDR® PDR CDR/ ORR MRRPLAR CERR* DR

3
Other Reviews PRR A
SAR® SMSR,LRR (LV), FRR (LV)
Supporting

T
Reviews A Peer Reviews, Subsystem PDFs, Subsystem CDRs, and System Reviews A




o Use'Computer Vision to better the data and automate how it looks.

o Use synthetlc data to boost automated 1mage-based plant phenotyping

o Compare the number of leaves of plants from the dataset to the plant

‘for better health and growth
~ Use 10,000 top down ‘images of Arabidopsis plants

Use dataset prov1ded by Leaf Segmentatlon Challenge of the Computer

-Vlslon Problems 1n Plant Phenotype

° Include an Ethylene sensor to monitor gas env1ronment and plant response

to hormone






PLANT: ARABIDOPSISTHALIANA

Grown Size ~ 20— 25 centimeters

Life Cycle | Short life cycle about six'to'eight weeks
» | from germination to seed maturation

Grown Mass ~2:5 grams‘

Watering TBD

frequency . Rl o

Light frequency | TBD




CONSTRAINTS S

Volume = 10 cm x 10 cm x 10 cm per unit with units
‘ : ranging between 1U, 2U, 3U, or 6U.

Weight < 1.33 kg or 3 lbs per U
Operatiohal 5 months ’

‘Time | ik

Budget | $1600 .

Testing UCF Sehior Design Lab




HARDWARE REQUIREMENTS
Conporent(5) _______ pazeneter(s) __ specification i

pH Sensor | Response time, Power Measure pH at least 2-3
v i Fogarn s < b times per hour
3.3V« 5V
Cameras .- Resolution, Power v 720p;— 1080p
» ‘ i - | 3.3V.- 5V
TemperatUIe Sehsor AcCuraCy,(PoWex L w200 »
’ ¢ i » ’ 13.3V - 5V
[ Humidity Séhsor : . |‘Accuracy, Power . ook <39 g
- o o " ' 233V BV 0




5rq,;dngsed’tb determine if the plant
b S optlmum range for y1e1d

e s T e e T
’_g,p'”<2 m1nute response tlme-' , \

_.kroVfSet for 1ong use and re use :  "
. 3 AV 5v bl et




 GAMERA - ARDUCAM MINI

2 x 2MP cameras
~I2C/SPT .

3.3V -5V .
Low power mode
Arduino library




 ; o. Accuracy ' . ,
s Temperature 0 o°c
S e O Humidd by s k3% o
e e e Pressure 4 1 hPa
S IZC/SPI i ey
‘ wm.0 Adafru1t 11brar1es-'




 POWER REQUIREMENTS

® FEstimated Powér Produétiohi
o '19.2 watts per panel”
o0 . 38.4 W total

-0.‘Average Payload Power Available
o 1023 i v i
o 3.3V, 5V outputs

Projected Battery Size =
o Average capacity 40-100 Wh
o  6-12 V and Battery raw



MICRUBUNTRULLER

Flash Memory 256 KB of Wthh 8 KB 15 used by
bootloader ' = : i -

CSRAM:UBIKB U nal l nE e
EEPROM: - 4. KB
Clockvspeed’ 16 MHz

Dlgltal I0: 54 p1ns (15 can be used as- PWM ‘
outputs) ‘ . : ,

-Analog IO 16 pins

Communlcatlons 4 UARTs (hardware serlal ports)



HARDWARE DESIGN

Voltage Converter:

L4
b3

12V-22V to 3.30V @ 3A

“poology:'BUck ctherter

Total powei OP: 9.9W

11V-14V. to 5.00V @ 5A e :
Topology: Buck converter |

Total power OP: 25W°
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 HARDWARE DESIGN
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HARDWARE DESIGN
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 HARDWARE SUCCESS AND CHALLENGES

Difficulties

Successes .

»FuturevExpandablé

Reliable platforms with built

in libraries and safeties

Open source hardware and

- software

Radiation Hardehed and Harsh
Environment product cost'ahd
accessibility
Space‘restrictiohs for payload

Non redundant systems



SUFTWARE SIDE - OVERVIEW

High Level Software
Backend Components and Connections

SatNOGS PlantSat

Database Sensors

° 'E‘asily manage and compare data for scientists.
e lWebsite, Database, and API .



WEB REQUIREMENTS

Users cah log in'toksee:» ; Notes/Documents:
e History N e Compare
e Documents gl : _ ¢ Edit

'ko‘ Photographs : e ° rDelete_



 FRONTEND BLOCK DIAGRAM

|
v

; : Create Account

Dashboard

r 4 Manage Account

Plant Data User Notes

I<_ [

Data Filters Compare Data

Edit/Delete










CUMPARISUN IJATA PAGE ‘

FtRw Sec de



 DATA PATH o

PlantPod Database [ satNOGS Database



 TECHNOLOGIES USED

Websites & Apps Web Modified MERN Stack

GitHup - .| JavaScript ~ sQLite3

VSCode Leggn d Expressis

DigitalOcean . HTME.= . ' | ReactJs

NodeJS




 WEB APPLICATION HOSTING

| Digital Ocean GitHub

Price ’ Free $100 from Glthub Free
: Education
Purpose - . - - | Virtual Machine | Collaboration
Rt ' w5l Hosting ‘ ~ "




'SUFTWARE SUGCESS AND CHALLENGES

Successes e gt _ leflcultles
é »Usefulvlibrarieslfor React ' e Transfer of data from physical
e Hosting on .DigitalOcean as a © sensors into database |
Droplet it Ll Todiel SwappIng project,focus from ISS

module to satellite form



TEAM ORGANZATIN

| Discord weekly meetings

j‘Trello;bdard . 

: GOO.gj..e Dri.ve. .

""GitHub;




 CURRENT PROGRESS AND DIVISION OF LABOR

Assignment Assignee Percentage
k.Frontend,.Backend, ' Sh;vani i : 55%
Database‘ ‘ ek W iRk

API,‘Baékendr.Database “|'Noah 'j ‘ 50%
’Sysfem'Design Processes, | Nicolas _ 40%

Product Realization
| Processes, Technical
| Management Processes

Sélect,.Tést( and Raquel | | a0%
Integrate Sensors :

Design PCB, Test, .and. .| Matt .- . 0 45%
Integrate Electrical. : ‘
components




BUDGET AND FINANBE | ‘ EXCIUdlng Shlpplng o handllng ki

Motivation Item Amount Cost Total

Prototype - " |pH Sensor i : 2 $29.50 $59.00
-|Prototype - . |Camera Sensor : vy 2| $25.99 . $51.98
3 Electriéal: : : b
: ; : Conductivit%l ;

NASA Tech Gap - . |Sensor o ] 2 : $14.95 -~ $29.90
|Prototype PCB e : 1 ~ $23.56| $130.67
S Temp/Humidity/Gas | : ' : ‘ S
Prototype » Sensor s ‘ 1 . $18.95 - $18.95
Prototype ~ |Petzi Dish " R b ‘ el $12.99 & ;$12!99
Prototype . ‘ Battery 1 : : . $0.00
|Prototype |Frame ; | Al e eoRpl e el LT $256:00
Testing ~ |Frame . ' | %o el i $150.00
Testing - |Arabidopsis Seeds i b ‘ $16.10| .. ~ $16.10

|Total * - | e . el $719.59




NEXTSTERS

Hardwaxé
. »Interfacing With.sensox array e
e Ensuring all hardware.
»Components'align Within ol i e ihe
requirements '
([

© Testing sensors in plant grdwth e

medium -

Software

Allowing user to compare two

“sets of daté

ProceSsing:and displaying
images
Testihg Machine Learning

algorithm on camera modules

-with test images* i



 WE ARE READY FOR YOUR QUESTIONS.



