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Phase 1 : Pre-Prototyping

Empathize
Define
Ideate
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Needs Description Priority (5 = highest, 1 = 
lowest)

Safe 5

Consistent data 5

Measure humidity 5

Measure humidity 5

Detect shaking 4

Protect against theft 4

Alert pedestrians 3

High visibility beacon 3

Inexpensive 3

Durable and easy 
maintenance

3

Low weight 2

Low volume 2

Empathize with JAMZ

- Meet with customer and discuss needs 
and priorities

- Benchmark components

Customer : JAMZ
User: Drone Operator, back-end developer,

electrician
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Benchmark Components

DHT22 runs double duty!

- Both temperature and humidity 
- Gives accurate information
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Define the Problem

JAMZ requires a climate sensor, shake alarm, 
anti-theft system and beacon that measures 
and transmits consistent and accurate data. 
The module must be safe, inexpensive, 
lightweight and compact.
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Define the Problem

Our solution: 5 subsystems
- Shake
- Humidity
- Temperature
- Audio
- Lights

+ Serial communication
+ Voltage pulldown
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Ideate

Scrapped Ideas:
- Camera
- Retracting module
- Tilt switches
- Christmas lights
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Bill of Materials Component Price($CAD) Source Link

DHT22 x 2 5.94 x 2 = 11.88 Simcoe DIY Link 

LSM6DS3 3.24 Simcoe DIY Link

Voltage Converter 5.64 Simcoe DIY Link 

30 AWG Wire 3.78 Simcoe DIY Link 

Bundled ethernet cable 1.00 Makerspace N/A

M3 Bolts x10 2.33 Robot shop Link

Protoboard / PCB 0.56 Amazon Link

Arduino Uno 8.67 Simcoe DIY Link

3D Printed Case N/A Maker Space N/A

8 Ohm Active Speaker 1.10 Newark Link

4 x 4 Pin RBG LED 1.12 Simcoe DIY Link

XT60 Female Converter 3.99 Orléans Hobbies Link' 

NPN Transistor 0.56 Simcoe DIY Link

Total Price $43.87

- Apply benchmarking
- Big savings and no 

shipping cost by 
buying local!

R dG

https://www.simcoe-diy.ca/product-page/dht22-am2302-digital-temperature-and-humidity-sensor
https://www.simcoe-diy.ca/product-page/lsm6ds3-accelerometer-gyro-with-digital-temperature-sensor-module-spi-iic
https://www.amazon.ca/Converter-Adjustable-Supply-6-5V-60V-1-25-30V/dp/B074C3JH87/ref=sr_1_1_sspa?crid=HY7YCKRLNEPW&dchild=1&keywords=60v+step+down+converter+13.8+cc&qid=1615503951&refinements=p_36%3A12035760011&rnid=12035759011&s=electronics&sprefix=60v+step%2Ckitchen%2C162&sr=1-1-spons&psc=1&spLa=ZW5jcnlwdGVkUXVhbGlmaWVyPUExSU5SWU1QNTNJT01DJmVuY3J5cHRlZElkPUEwNjU5MDk0MzZCTjdSWlVLSzlQViZlbmNyeXB0ZWRBZElkPUEwNTM4NDEwMjFZTzNJOFpFODFBVSZ3aWRnZXROYW1lPXNwX2F0ZiZhY3Rpb249Y2xpY2tSZWRpcmVjdCZkb05vdExvZ0NsaWNrPXRydWU=
https://www.simcoe-diy.ca/product-page/10-meters-roll-30awg-flexible-silicone-rubber-wire-with-tinned-copper-line
https://www.robotshop.com/ca/en/lynxmotion-steel-phillips-countersunk-screws---m3-x-8mm-10pk.html?gclid=Cj0KCQiAst2BBhDJARIsAGo2ldWMIkyVKgqB3Wwd5jYaiTE4GgsUj5KnmJNh-4wdmq5YUUgAZLifSIYaAvzKEALw_wcB
https://www.amazon.ca/dp/B072Z7Y19F/ref=sspa_dk_hqp_detail_aax_0?psc=1&spLa=ZW5jcnlwdGVkUXVhbGlmaWVyPUExWTZMNjQxTjVITkImZW5jcnlwdGVkSWQ9QTA5MjYwMjUyUzZUWjdYNkNBVjJKJmVuY3J5cHRlZEFkSWQ9QTA4NTY0OTkzSkc4RzlCVUlFUENVJndpZGdldE5hbWU9c3BfaHFwX3NoYXJlZCZhY3Rpb249Y2xpY2tSZWRpcmVjdCZkb05vdExvZ0NsaWNrPXRydWU=
https://www.simcoe-diy.ca/product-page/arduino-uno
https://canada.newark.com/webapp/wcs/stores/servlet/AjaxOrderItemDisplayView?catalogId=15003&storeId=10196&langId=1&krypto=CTQ9K6QW6R0WejOxYONyt4hgNjuwCiao8sD9NU9rGiQ9XFhM%2FQwZqu1dlmlyY%2FCKF%2FGBTq4n%2FsmyS0apvaaqVLtZX9BO5uwGKzgjGANt%2FernVM8t4bZNbCTsEnadAy%2FfMp1BIEFtuj5zQpdlZ%2BA9vJuKhUdSZOYP2%2FuCibemO6qEG8aspCPOnrYoPd%2BfM8WR&ddkey=https%3AOrderCalculate
https://www.simcoe-diy.ca/product-page/4pcs-of-5mm-4-pin-rgb-common-cathode-cc-led
https://orleanshobbies.getpayd.com/catalog/12147783/venom-xt60-female-battery-connector-plug-single
https://www.simcoe-diy.ca/product-page/2pcs-fjp13007-j13007-high-voltage-fast-switching-npn-power-transistor


Phase 2:
Prototype 1
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Climate Sensor
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Climate Sensor

- Take a weighted average
- Compare to benchmarked 

range
- Measure every 0.5 seconds
- Flag via serial 

communication
- Accurate to 0.5 degrees / % 

(criteria)
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Casing (Arduino) - Arduino
- Breadboard
- Wiring
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Casing (Arduino) 
- MDF not waterproof
- Incorrect dimensions
- Add photo of case placement
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Casing (Sensor)
- 2x DHT22
- LSM6DS3
- Through wire
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Phase 3:
Prototype 2
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Violent Shake Alarm
ΔAcceleration (Jerk) Measured 10 times over 0.5 seconds

# Jerks in period > Count variable = Violent Shake

Measurement > threshold variable (0.2 G/s) = Jerk

Send flag to JAMZ +  trigger alarm (LEDs and speaker)
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Casing (Arduino)
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Casing (Sensor) Module 
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Casing Mounting 
-M3 Screws 
-Through wire drill 
hole
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Prototype 3
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Link

https://drive.google.com/file/d/1nLcb5wC8pwUpBZsOYC1tD82n6ZS_9y11/view?usp=sharing


Anti-Theft Alarm System
And Beacon

Red - Shake
Blue - Temperature 
Yellow - Humidity 
Mix - Multiple 
White - All or beacon

“Step away from the drone”

“Eloignez-vous du drone”

4 Sec Wav file encoded as array of ints on flash
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Anti-Theft
Alarm System
And Beacon
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Casing (Sensor) Module 
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Casing arduino 
- Holes for speaker, LED’s, Wires + Waterproof 

adhesive
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Casing (Step down converter)
LS



Total Module Weight 

Using PH Countersunk flat head screw M3x0.5 x 25

Module Final Prototype  (kg)

Sensor Module 0.046682286

Arduino Module 0.067932716

Wires and Step down 
converter 

0.107540864

Total 0.222155866
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Demonstration

- Humidity tested 
with steam

- Temperature tested 
with heat gun

https://docs.google.com/file/d/1g4zNQx0C9Db29XttwaNFS9S8_of3vnDb/preview


Testing, Results and Iterative 
Prototyping
Calibration, data smoothing, thresholds and averaging 
turn inaccurate data into reliable output!
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Test Result for the Climate Sensor Calibration
Average Percent Error:
Temperature - 7.44% 
Humidity - 4.47%

Calibrated Percent Error: 
Temperature - 0.13% 
Humidity - 1.9%

Accurate to:
0.05 degrees C
2.75% relative humidity 
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Test Results for Shake Alarm Calibration
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Test Results for Speaker Optimization
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Lessons Learned!

● Measure three times, 
print once!

● Importance of 
benchmarking

● Datasheets are not 
always correct

● Convenience of using 
Wrike and a Gantt Chart

● Keeping cameras on 
during team meetings

● Doing everything under 
budget
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Thank YOU!

Any Questions ?


