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Project Overview
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Problem: 
● Children trapped in a locked car at risk of 

heatstroke death

Solution: 
● An intelligent emergency system detects child 

presence, monitors cabin temperature, and alerts 
car owner and authorities when critical 
temperature is reached



Dangers of Car Overheating
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Why do children get left behind in cars? 
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COIL Team Leads
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Project Leaders:
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COIL Team
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Hardware Connections

Diagram of 
proposed project 
setup.
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FSR



Hardware Connection
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System Components
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Main PCB Schematics
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Main PCB Schematics
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Version 1

Version 2



Main PCB Schematics
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Version 1

Version 2



Main PCB Schematics
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Version 1

Version 2



Main PCB Design Version 1

PCB Top Layer PCB Bottom Layer
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Main PCB Design Version 2

PCB Top Layer PCB Bottom Layer
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Main PCB 3D Design
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3D Design Revision 1
3D Design Revision 2

This version  40% smaller than Revision 1



Sensor PCB Schematics 
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Sensor PCB Design

PCB Top Layer PCB Bottom Layer
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Sensor PCB 3D Design
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ECU - Control Interface

● 12V power supply
● Protected via blade fuse
● 6-pin ISP header for programming
● MOLEX connector
● Switches:

○ Simulation of terminal 15
○ Go through menu options

● Error handling
○ Displays error codes
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● [0] Status (Offline/Active)

● [1] System (Detection off/Child detected/No child detected)

● [2] Force

● [3] Breathing FSR

● [4] AMS

● [5] Breathing AMS

● [6] Motion Sensor (Detection off/No motion/Motion detected)

● [7] Temp (Detection off/Out of range/“temp_value”)

● [8] Error Codes

● [9] Detection Status (Dangerous heat/Child left alone/etc.)
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ECU Menu



Capacitive Sensor

● AS8579 - Automotive Qualified [AEC-Q100]
● Temperature range of -40°C to 125°C
● SPI interface
● Diagnostics available

○ Enables error handling
● Up to 10 independent measurement lines 

possible
○ 10 SEN lines

● VAR & FIX_SEN function to avoid parasitic 
influences
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Force Sensing Resistor
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● 4 Sensors (every corner)
● Floating construction
● Detecting child breathing



Force Sensing Resistor
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● Prepared doll to simulate the breathing
● 85g weight moves around
● Speed change over Poti



Force Sensing Resistor
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● Steps:

● Pin 1 charges 
the capacity
Pin 2 is floating

● Pin 1 is now 
Input and 
floating.
Discharges the 
capacity with 
force on the FSR

● Timer measures 
time with 
counting 



Force Sensing Resistor
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● 4 Measures every 125 ms
● Building difference of FSR1 

and 2
● Adding the two differences 
● Dividing by two
● This average values are used 

for DFT

62,5 62,5

31,2531,25 31,25 31,25



DFT Calculation
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Read data

Subtract average

Peak finder

Gauss window 
function

DFT

Start

End

Output max 
frequency



Temperature Sensor

● LM75
● Measure the temperature within the vehicle
● Temperature accuracy of: 

○ ±2 °C from −25 °C to +100 °C
● I²C bus interface
● Displays temperature value on LCD
● High temperature threshold: 35°C
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Temperature Research
● What temperatures are dangerous?

○ Uncompensable temp is 37°C (98.6°F)
○ 40-42°C (104-107.6°F) causes cardiac organ 

failure and neurological damage
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Motion Sensor
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● Detection range: 2.2m

● Able to withstand heat up to 80°C

● 12uA of consumption when active

● Sends a high or low signal

2 m



ATmega

28-Pin ATmega328 contains 6 ADC ports 32-Pin ATmega328 can handle two 
extra ADC ports
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GSM/SIM Module 

SIM7000A GSM shield:

● Power-saving mode
● Communicates over UART
● AT commands
● HTTP and MQTT Protocols
● GPS data capabilities 
● Usage of T Mobile/Telekom IOT sim card
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Sensor PCB Housing
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PIR Sensor with Housing
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● Example for a scalable system
● Connected via 8 Pin Molex



Quiescent Current
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Number of pieces Part Number Component Quiescent Current (µA)

1 1 Atmega 328P AU 30

1 2 LM75B 0.2

1 4 NMOS (SOUND) 1

1 7 Voltage regulator (5V) 10

2 8 Voltage regulator (3.3V) 1

1 9 Voltage measurement 60

1 10 PIR 12

Sum 114.2



Bill of Materials
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Bill of Materials
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Can be cheaper:
● Sim card (via 

wholesale deal 
with supplier)

● Motion sensors



Software Scope

Goal: Read conditions car environment, record 
those in a database, and communicate that to 
vehicle owner

Expected Features:
● Integration of FSR
● Alert Child
● Integration of GSM/SIM Module
● Integration of Temperature Sensor
● Integration of Motion Sensor
● Mobile App Features
● Notify Parent and Emergency Services
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GSM/SIM Module 
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GSM/SIM Module 
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GSM/SIM Module 
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UART Programming
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UART Programming
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GSM/SIM Module 
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Sent UART information to GSM:



GSM/SIM Module Initialization
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GSM Texting:ATCommands
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Result: Command: 



GSM GPS: ATCommands
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ATCommand:

Result:



GSM HTTP: ATCommands  
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Server Values:
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Flutter Mobile App 
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GSM HTTP Protocol and Limitations

● Continuously running HTTP slows the sim module to a halt. 
○ A more sophisticated HTTP client is necessary. Possible solution: SBC
○ Instead of continuously updating server, sending texts from temperature and position 
○ SSL certificate in modern day secured HTTP services contribute to the delay

● On the ATmega328 HTTP Request Times
○ Server connection: 22 seconds
○ HTTPs GET: 34 seconds
○ HTTPs POST: 53 seconds
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Testing
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Test Summary
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Example Screenshot 
shows only 40/145 
TEST IDs

• BLH: Basic Requirement Specification
• VLH: Model Requirement Specification
• NRM: Standard Test



Hardware Component Tests
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● Testing the capacitive 
sensor to detect the 
breathing

● Respiration is not 
measurable



Hardware Component Tests
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● Seat belt fastened
○ No detection

● Measurement on level ground
○ Respiration measurable



Hardware Component Tests
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● GSM Module (VLH 33-36)
○ SIM card slot

● Temperature Sensor (VLH 46-51)
○ Room air temperature, connected to 

the ECU
○ Measurement range

● PIR Sensor (VLH 52-56)
○ Motion in the car
○ Detection Range



Software Functionality Tests
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• Tests conducted on Mobile App
○ ID-NRM 13: Unit testing
○ ID-NRM 12: Integration testing
○ ID-NRM 14: Functional testing
○ ID-NRM 16: Regression testing
○ ID-NRM 17: Stress testing
○ ID-NRM 11: Acceptance testing
○ ID-NRM 18: Usability testing

• Test conducted on GSM
○ ID-NRM 14: Functional testing
○ ID-NRM 17: Stress testing
○ ID-NRM 19: Network Reliability



Software Functionality Tests
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● Example Tests conducted on Mobile App
○ ID-NRM 13: Unit testing

● Example Test conducted on GSM
○ ID-NRM 19: Network Reliability



Future Ideas
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● Connect to car to open windows when child is detected in critical 
temperature

● More sophisticated HTTP client: SBC
○ App integration

● Consider other sensor technologies for improved detection



Demonstration
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Questions?
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