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Problem:

e Children trapped in a locked car at risk of
heatstroke death

Solution:

e Anintelligent emergency system detects child
presence, monitors cabin temperature, and alerts
car owner and authorities when critical
temperature is reached
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System Components
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Version 1

Version 2

AMS controller

CAP_SEN1[

REF_BODY

CAP_SEN2[D>———

GND

J+5v
er

D
SCLK_HS f ISP_SCK_AMS
HS ISP"MOSI_AMS
CsnHS [12<1CSAMS
1

VAR_SEN  TEST
FIX_SEN CLK_E

Tow
= d

C18 |1680n
24
53 C19 |1680n

GND

D
_HS 23 ]ISP_MISO_AMS
D [188-

2O

LZ¢ ISP _SCK_AMS
162 11sP_MOSI_AMS
12 dcs ams

o ]+5V
e

13



Version 1

Version 2

Microcontroller
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Version 1

Version 2

Voltage regulators

Voltage regulators
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PCB Top Layer

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

This version 40% smaller than Revision 1
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PCB Top Layer PCB Bottom Layer
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12V power supply
Protected via blade fuse
6-pin ISP header for programming
MOLEX connector
Switches:

o Simulation of terminal 15

o Go through menu options
Error handling

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

o Enables error handling
Up to 10 independent measurement lines
possible

o 10 SEN lines
VAR & FIX_SEN function to avoid parasitic
influences

24




® 4 Sensors (every corner)
e Floating construction
e Detecting child breathing

B o O,
e
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® Prepared doll to simulate the breathing
e 85g weight moves around
e Speed change over Poti
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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

ADMUX &= ~(1<<MUX0);
ADMUX |= (1<<MUX2);
DDRC |= (1<<1);
PORTC &= ~(1<<1);
DDRD &= ~(1<<5);
DDRC |= (1¢<2);
PORTC |= (1¢<2);

//Input C4 at AIN1

//Input C4 at AIN1

//Pin C1 Output

//Pin C1 LOW for holding the other capacitor low
//Pin D5 Hiz

//Pin C2 Output

//Pin C2 HIGH for loading the capacitor

reset = 1; //set temp reset to 1

for (int i = 0; i <= 20000; i++); //wait 2¥10000 system cycles - 2*625us
if (reset == 1) //if temp reset value is 1

{

start_ticks[3] = TCNT1;

DDRC &= ~(1<2);
DDRD |= (14<5);
PORTD &= ~(1<<5);

4 By
Pin 2

Microcontroller

Pin 1

RX/TX

-
\

//save timer value

//Pin C2 HiZ - Input
//Pin D5 Output
//Pin D5 LOW
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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
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[ Read data

:

Subtract average

!

Gauss window
L function

DFT

I

Peak finder

|
/ Output max
frequency
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LM75
Measure the temperature within the vehicle r-'lF'“' sk
Temperature accuracy of: "LEL 1- —

| 3

o %2 °Cfrom -25°Cto+100 °C
I2C bus interface
Displays temperature value on LCD
High temperature threshold: 35°C
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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

Internal Car Temperature

Temperature (°F)
g
b

+ Closed Car

Shade

© Cracked Windows & Sunroof

30 40

20
Time Elapsed (Minutes)

50
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Detection range: 2.2m
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Sensor

i

lout:Max.100pA

Able to withstand heat up to 80°C

12uA of consumption when active

Sends a high or low signal
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28-Pin ATmega328 contains 6 ADC ports 32-Pin ATmega328 can handle two
extra ADC ports
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SIM7000A GSM shield:
Power-saving mode oscv7 3 5 g ""‘ oht 3 o
Communicates over UART
AT commands
HTTP and MQTT Protocols
GPS data capabilities
Usage of T Mobile/Telekom IOT sim card
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Example for a scalable system
Connected via 8 Pin Molex
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Number of pieces Part Number Component Quiescent Current (uA)
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
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Net piece
_ - . _ o = . . |, P | fotal _| Total _
Part number = |Number of pieces = Component = [Value = Component = Dealer = Order number = Order link = | (price when = (Euros) = (usp) =
buying 1000
ieces]
b 4 1|Sim7000a Shield - - digikey DFRO763 https://www.digikey.com/en/products/detail/dfrobot/DER( 37.7182€| 37.7182€ $42.38
2 1|Sim Card - (30 days) of service: sms, calling, and data | SpeedTalk Mobile | N/A https://speedtalkmobile.com/pay-as-you-go-phone-plans/ 23.1400€| 23.1400€ $26.00
3 2 |Motion sensor - - digikey EKMC1603113 EKMB1393113K Panasonic Electric Works | Sensors, Transd 6.3368€| 12.6736€ $14.24
4 1|AS8579-ASSM - Controller capacitive sensor Mouser 985-AS8579-ASSM https:, Wwwmouserde ProductDetail/ams-OSRAM/AS857 5.8400€ 5.8400€ $6.54
5 1[32 Pin Adjustable Header - - digikey N/A 5.7850€ 5.7850€ $6.50
6 1|Atmega 328P AU - Microcontroller Farnell 1715486 2.3100€ 2.3100€ $2.59
7 2|Voltage regulator - GPS/GSM module Mouser 726-TLS850BOTEV33ATM 8 A i i 0.84 € 1.6840€ $1.89
8 1|Capacitor 100p - Mouser 80-A784MS107M1JLAS28 | https://www.mouser.com/ProductDetail/80-A784MS107M 1.3528€ 1.3528€ $1.52
9 2| Capacitor 0.1p Mouser 80-C0805Y104JSRAUTO https://www.mouser.com/ProductDetail/80-C0805Y104J5R] 0.6141€ 1.2282€ $1.38
10 1|Sim Card (LTE Cat-M capable)| - SpeedTalk Mobile [N/A https://www.amazon.com/dp/B07933LMZW ?ref_=cm_sw. 1.1837€ 1.1837€ $1.33
11 2| Coil 24mH - Mouser 530-DRC-V-123K https://www.mouser.de/ProductDetail/Bel-Signal-Transfor: 0.5600€ 1.1200€ $1.25
12 1|Temperature Sensor - Mouser 771-LM75BD118 https://www.mouser.com/ProductDetail/771-LM75BD118 0.8099€ 0.8099€ $0.91
13 2 |Resistor 10k Thin film resistor Mouser 603-RPO80SFREO710KL https://www.mouser.com/ProductDetail/603-RPO805FREQF 0.3115€ 0.6230€ $0.70
14 1|Piezo transducers - Sound generator Mouser 490-CEM-1212S https://www.mouser.de/ProductDetail/CUI-Devices/CEM-1 0.4480€ 0.4480€ $0.50
15 1| Voltage regulator - Microcontroller Mouser 511-ST730M50R https://www.mouser.com/ProductDetail/STMicroelectroni 0.45€ 0.4460€ $0.50
16 1[LM75BD - Temperature sensor Mouser LM75BD118 _https://www.mouser.de/ProductDetail/771-LM75BD118 0.3540€ 0.3540€ $0.40
17 1/NMOS - Driver sound generator Mouser 637-MMFTN20 https://www.mouser.de/ProductDetail/Diotec-Semiconduc 0.1650€ 0.1650€ $0.18
18 1|Quarz 16MHz | Microcontroller Farnell 2467728 https://de.farnell.com/abracon/abls2-16-000mhz-d4y-t/cry| 0.1450€ 0.1450€ $0.16
19 3| Capacitor i - Farnell 1458907 https://de farnell.com/yageo/cc0805zky5vObb105/kondeng 0.0440€ 0.1320€ $0.15
20 2| Capacitor 680n Controller capacitive sensor Farnell 2522227 https://de.farnell.com/tdk/cgadj3x7r1e684k125ab/konden: 0.0479€ 0.0958€ $0.11
2% 1|Capacitor 0.33p - Farnell 3581154 https://de farnell.com/murata/gcj219r71h334ka12d/konde| 0.0900€ 0.0900€ $0.10
22 1|16 MHz Crystal Oscillator 16MHz - digikey AS-16.000-18 https://www.digikey.com/en/products/detail/raltron-electr] 0.0890€ 0.0890€ $0.10
23 1|Diode - Reverse polarity protection Farnell 3440039 https://de.farnell.com/nexperia/pmeg3010ceh-115/schottl 0.0716€ 0.0716€ $0.08
24 5| Capacitor 0.1p Farnell 3013476 hngs //de farnell. com[samsung electro-mechanics/cl21b1 0.0113€|  0.0565€ $0.06
25 2| Capacitor Sp. - Farnell 1759184 0.0246€ 0.0492€ $0.06
26 1|Capacitor 47u Onboard filter Farnell 4061829 0.0476€ 0.0476€ $0.05
27 2| Capacitor 2.2p - Mouser 187-CL21A225KAFNNNE 0.02 € 0.0440€ $0.05
28 2 | Capacitor 22p Microcontroller Farnell 2310684 0.0211€ 0.0422¢ $0.05
29 3 |Resistor 270 - Farnell 1576451 0.0065€ 0.0195€ $0.02
30 3| Resistor 1k - Farnell 2446904 0.0053€ 0.0159¢€ $0.02
31 2| Resistor 16k - Farnell 2073652 0.0079€ 0.0158€ $0.02
32 1|Ferrit 0.2 HF ferrit Farnell 4141776 0.0148¢€ 0.0148¢€ $0.02
33 2| Resistor 180k - Mouser 279-1623126-1 B 0.01€ 0.0120€ $0.01
34 1|Resistor 40k - Farnell 3975002 https: de.farnel\.com vishay/crcw080540k0tkea/widersta 0.0116€ 0.0116€ $0.01
35 2|Resistor 24 - Farnell 2447615 https://de.farnell.com/multicomp/mcwr08x24r0ftl/dicksch 0.0036€ 0.0072€ $0.01
36 1|Resistor 160k - Farnell 2073655 https://de.farnell.com/multicomp-pro/mcmr08x164-jtl/ker: 0.0062€ 0.0062€ $0.01
37 1|Resistor 10k - Farnell 2446870 https://de.farnell.com/multicomp/mcwr08x1002ftl/dicksch] 0.0053€ 0.0053€ $0.01
38 1|Resistor 180 - Farnell 2446900 https://de.farnell.com/multicomp/mcwr08x1800ftl/dicksch 0.0049€ 0.0049€ $0.01
sum 97.86€| $109.60
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Can be cheaper:

e Sim card (via
wholesale deal
with supplier)

e Motion sensors

Bill of Materials

Total (USD) per Component

Other

3.1%

Capacitor

1.4%

Voltage regulator
1.7%

Atmega 328P AU
2.4%

32 Pin Adjustable Header
5.9%
AS8579-ASSM
6.0%

Motion sensor
13.0%

Sim Card
23.7%

Sim7000a Shield

38.6%
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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

ol

«Q»

&> O

(=)
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=void send_text(char* phone_number, char* message) {

char at_command[50];

sprintf(at_command, "AT+CMGS=\"%s\"", phone_number);
//set to texting mode

send_AT_command ("AT+CMGF=1","0K");

// send the SMS number wait until response
send_AT_command (at_command, "OK");

// send the SMS text wait until response
uart_send_string(message);

// send Ctrl+z

uart_send_byte(0x1A);
uart_send_string("\r\n");

//~fin~

[=int send_AT_command(const char* at_command,const char* expected_response)

{

L}

currentExpectedResponse = expected_response;
// Send the AT command to the GSM module
currentCommandState = 1;
uart_send_string(at_command);
uart_send_string("\r\n");

timerereset();

while ( timerems < 1500 || currentCommandState != 1);
if (currentCommandState == 1)

{

// Do nothing, or do other tasks that need to be done
// The interrupt service routine will handle the arrival of the response

}
else if (currentCommandState == 2)
{
currentCommandState = 0;
return 1;
}
else if (currentCommandState == 3)
{
// Handle the error
// Reset the state to COMMAND_NOT_SENT to send the next command
currentCommandState = 0;
}
else if (currentCommandState == 4)
{
currentCommandState = ©;
}

//handle received command back at original function
// end of function //




= ISR(USART_RX_vect)

{

rx_buffer[rx_write_pos] = UDRO;
rx_count++;

if (UDR@ == '\n')

{

debug_LED_red();
rx_buffer[rx_write_pos] = '\@';
rx_write_pos = 0;

if (strstr(rx_buffer, currentExpectedResponse) != NULL)
4

currentCommandState = 2;

}
else if (strstr(rx_buffer, "ERROR") != NULL)

{

currentCommandState = 3;
debug_LED_yellow();

}
else
{
currentCommandState = 4;
b
3
else
i
rx_write_pos++;
if (rx_write_pos >= RX_BUFFER_SIZE)
{
rx_write_pos = 0;
}
}

//

//

//

//

//

//
i/

Read the received byte from the UART data register
Increment the received bytes counter
If a newline character is received,transmission done

Null-terminate the string

Check if the response matches the expected response

Command is an error command

Data is garbage

Store the received byte in the buffer
If we've reached the end of the buffer

44



Evoid handle_received_command()
|
free(parameters);
char *at_command;
char **parameters = NULL;
int param_count = ©;

// Check if command is a query or a set command
if (strstr(rx_buffer, "OK") != NULL) {
// The received message is "OK"
return;
}
else if (strstr(rx_buffer, "ERROR") != NULL)
{
// Command is an error command
//error handling with pass of ERROR and the *command

} i 1 k

S Lr itamerimehanren, ST Is L) else if (strchr(rx_buffer, '?') != NULL)
{ {

// Command is a set command S ——

at_command = strtok(rx_buffer, "=");

at_command = strtok(rx_buffer, "?");

char *param_str = strtok(NULL, "=");
parameters = NULL; // No parameters for a query command

// Tokenize the parameters based on commas }
char *token = strtok(param_str, ","); else
while (token != NULL)
{ {
parameters = realloc(parameters, sizeof(char*) * (param_count + 1)); // Command is a basic command with no parameters or query
parameters[param_count] = token; at_command = rx_buffer;
param counti:+; parameters = NULL;
token = strtok(NULL, ",");
} return;
} X
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Sent UART information to GSM:

AT+CMGEF=1
AT+CMGS="5862224507"

This is the message text
[IAT+CMGF=1
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Power on GSM
Module

Start Serial
Communication
with Microcontroller
and GSM Module

No

Is Module
Detected?

Activate Module
Functionality and
Configure Network

Search for GPS

GPS Signal
Found?

Search for GPRS
(Mobile Data)

Data Found?

Connect to Cell
Network

No

Network
Successfully
Connected?

Set HTTPS
Headers

Connect to
Firebase Server

Server
Successfully
Connected?

Start Main Function

No
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Command:

———> AT+CMGF=1

L DR

———> AT+CMGS="7342624678"
e i

———> Temperature: 90F

Result:

Coil Safety

Te
Mon, Jun 1

Vehicle is Dangerously Hot.
Latitude: 42.295517, Longitude:
-83.434334

48



@ GSM GPS: ATCommands

R ————




GSM HTTP: ATCommands

Server Values:

GD htips:/fir-test-93ea5.firebaseio.com

https://fir-test-93ea5.firebaseio.com/
Alarm: false
Latitude: 33
Longitude: 112
PhoneNumber: "7342624678"
State: 3

Temperature: 70
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143 8 @
COIL Child Safety

Car Temperature: 40

No child in vehicle

Turn off Alarm

L] 10

Home GPS

el

Settings

144 8 @
COIL Child Safety

nens Energy 9

hagebaumarkt
Mulheim an der Ruhr

@

Hochschule Ruhr West
Campus Mulhegn

N

M Milheim o

weseler S X
W %

144 6 @

COIL Child Safety

Be
Time: 2023-07-17 13:44:53.214150

223
%
% Current Emergency Number:
7345437690

Schlof Broich o

Update Emergency Number

Update Number

BROICH Steinbruch
Saarpg, o~ 8 Rauen
Google Q
Home GPS Settings Home GPS Settings




Alarm: false

titude: 51.4275

eNumber

State: 0

Continuously running HTTP slows the sim module to a halt.
o A more sophisticated HTTP client is necessary. Possible solution: SBC
o Instead of continuously updating server, sending texts from temperature and position
o  SSL certificate in modern day secured HTTP services contribute to the delay
On the ATmega328 HTTP Request Times
o  Server connection: 22 seconds
o  HTTPs GET: 34 seconds
o  HTTPs POST: 53 seconds

Alarm: false
Latitude: 51.4275
ude: 6.8575 = — Longitude: 6.8575
"7342624678" 1ieNumber: "7342624678"
tate: 0

ire; ™23™ Temperature: 40
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Testing



ID-TST 75 ID-VLH 63 It contains a SIM card slot and is ible with EU and US GSM and GPS standards

ID-TST 76 ID-VLH 64 sound generator should be with an i connector to the wiring harness
ID-TST 77 ID-VLH 65 use SIM7000E NB-IoT/LTE/GPRS/GPS ion Shield

ID-TST 78 ID-VLH 66 ifications of the C-style guide [2] must be followed Example Screenshot
ID-TST 79 ID-VLH 67 diagram of seguence of alarm system should be used shows only 40/145
ID-TST 80 ID-VLH 68 diagram with statistics of death of children in vehicel in USA TEST IDs
ID-TST 81 ID-VLH 69 (optional) open windows of the car by 2.5cm if it is too hot inside the car

ID-TST 82 ID-BLH 1 create a prototype of an ECU

ID-TST 83 ID-BLH 2 of an ECU designed for use with the vehicle

ID-TST84 __|ID-BLH 3 i i accordingly and by suitable ional tests

ID-TST 85 ID-BLH4 control unit must not exceed standby current ion with passive module (300 pA)

ID-TST 86 ID-BLH 5 control unit should contain the latest electronic that are freely available on the market
ID-TST 87 ID-BLH 6 ATMega should be used as controller

ID-TST 88 ID-BLH 7 selection must be made with the best possible cost/benefit ratio

ID-TST 89 ID-BLH 8 all critical values of electronic ¢ are to be designed under "worst case”

ID-TST 90 ID-BLH 9 control unit designed to ensure its full over at least 10000 cycles of operation

ID-TST 91 ID-BLH 10 Proof of i with all requirements

ID-TST 92 ID-BLH 11 system must be designed for operating es between -20°C and +80°C

ID-TST 93 ID-BLH 12 operating voltage range is 9V - 16 V.

ID-TST 94 ID-BLH 13 control unit must be designed with reverse polarity protection

ID-TST 95 ID-BLH 14 control unit measures supply voltage at regular intervals (error entry when range is exceeded or below)
ID-TST 96 ID-BLH 15 control unit must be fully i after the drop test

ID-TST 97 ID-BLH 16 parts for actuators selected so that temp increase compared to the ambient temp is limited to 30 K
ID-TST 98 ID-BLH 17 housing for ion against moisture IP54 shall be used for the control unit

ID-TST 99 ID-BLH 18 connectors waterproof versions are to be used

ID-TST 100 |ID-BLH 19 control unit’s weight needs to be

ID-TST101 | ID-BLH 20 control unit must be designed in such a way that mounting in the higher-level is possible
ID-TST 102  |ID-BLH 21 EMC i result from the standard tests

ID-TST 103 |ID-BLH 22 measures for the next maturity level are to be

ID-TST104 |ID-BLH 23 software is to be versioned

ID-TST 105 |ID-BLH 24 in table (4.1) to be created/updated for each maturity level

ID-TST 106 |ID-BLH 25 product ions describe how requirem of user i i ions are i

ID-TST 107 |ID-BLH 26 all i 1Ds listed in the product specification

ID-TST 108 |ID-BLH 27 all tests i in the test ification are to be listed

ID-TST 109 |ID-BLH 28 A complete circuit diagram is created for each maturity level

ID-TST 110 _|ID-BLH 29 software is ively as source code

B passed
BL passed last time

e BLH: Basic Requirement Specification
e VLH: Model Requirement Specification PN planned but not carried out
« NRM: Standard Test - not performable

GD grounded by design
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Testing the capacitive
sensor to detect the
breathing

Respiration is not
measurable
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e Seat belt fastened
o No detection

e Measurement on level ground
o  Respiration measurable
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GSM Module (VLH 33-36)
o  SIM card slot
Temperature Sensor (VLH 46-51)
o Room air temperature, connected to
the ECU
o  Measurement range
PIR Sensor (VLH 52-56)
o  Motion in the car
o  Detection Range
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e Tests conducted on Mobile App p
0 ID-NRM 13: Unit testing 1 @ = @
o  ID-NRM 12: Integration testing 1| <D {§}
o ID-NRM 14: Functional testing Unit Testing integeation
o ID-NRM 16: Regression testing Lana
o ID-NRM 17: Stress testing @
0  ID-NRM 11: Acceptance testing
o ID-NRM 18: Usability testing
e Test conducted on GSM o _
o ID-NRM 14: Functional testing al o 199
o ID-NRM 17: Stress testing
o  ID-NRM 19: Network Reliability g Testing
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[ ]
@)

143 6 @
COIL Child Safety

Car Temperature: 40

“Turn off Alarm

220

‘‘‘‘‘‘‘‘

144 6 @

COIL Child Safety

van

Example Tests conducted on Mobile App
ID-NRM 13: Unit testing

144 6 @
COIL Child Safety

Time: 2023-07-17 13:44:53.214150

Current Emergency Number.
7345437690

® Example Test conducted on GSM
o ID-NRM 19: Network Reliability

———> AT+CGREG?
<-—— +CGREG: 0,5

Network status 5: Registered roaming
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Connect to car to open windows when child is detected in critical
temperature
More sophisticated HTTP client: SBC
o  App integration
Consider other sensor technologies for improved detection
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Demonstration
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Questions?



