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Abstract  

Every year, many young children get hurt, injured or died in different ways of car accidents. The last 

numbers show that about 17% of children have accidentally and intentionally died in cars, and more 

than 28% of them have forgotten alone in cars facing the risk of being died. So that we can help to 

prevent this from happening by using the child safety car alert system, which is an integrated device 

that sends an alert if a child is in danger in the car. The system of this research is developed using the 

Arduino board, which incorporates the integration between sensors and the GSM module that enable 

parents to get notified if their kid is in danger. It mainly consists of a car seat and surveillance system, 

the principle of work depends on measuring the temperature and oxygen level inside the car through 

some specific sensors inside the system programmed at a certain level. The system is activated when 

the load weight sensor detects a child in the seat; the system sends an alarm as a phone call to the parents 

when there is a change in temperature or oxygen level to prevent any potential danger to the child. If 

the parents do not answer the phone call, the system will send a message to the parents. 

Keywords: Child Safety Seat, design methodology, GSM, Arduino Microcontroller. 
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1. Introduction 

In Iraq, vehicle-related deaths for children fewer than 12 years’ age keep occurring and the cases are in 

increasing trend [1-5]. Despite of various inventions to enhance the vehicle safety system and awareness 

campaign to prevent those incidents from occurring, the deaths caused by the non-moving vehicle keep 

increasing. When the car engine is turned-off with closed window, the temperature in the car will 

increase rapidly and children might suffer heat stroke. 

A child’s body overheats more easily than an adult’s. Most of the incidents occurred due to the 

negligence of the parents. Parents or drivers, in certain situations, may leave the car without taking the 

children. It might also have occurred when the father or mother change his or her duty to send their 

children to nursery. This scenario can happen since their children taking sleep or nap, and they might 

not realize the presence of their children in the vehicle especially for the bigger vehicle such as multi-

purpose vehicle which has more than two rows of seats. 

Unlike vehicle’s in United States or European countries which is requiring parents to put their children 

in the specified child’s seat before driving as a safety matter. Those rules are not abided by most of the 

Iraqi vehicle’s drivers. It seems that the requirement to use child’s seat is applied merely on the children 

with age below 2 years old. However, children with age ranging from 2 to 6 years old are free to move 

around and inside the vehicle’s cabin. Thus, they will be sitting, laying or napping somewhere in the 

vehicle’s cabin. For example, it will be very hard for the multi-purpose vehicles’ owner to locate his or 

her child if the child is lie down at the back seat or at the floor between the second and last row of the 

seat. It is a human nature to forget something and to think driving alone. As a result, he or she will park 

and leave the vehicle while his or her child is left behind or still inside the vehicle. Various techniques 

and inventions had been introduced but yet to provide the solid solution. Most of the techniques and 

inventions were patented especially in United States and Europe [2]. 

In United States and Europe, the child detection systems were developed especially for baby or infant 

seat and integrated with car alarm system. Here, the car security system will generate an audio alarm 

once the car is turned-off and the children are detected still in the car baby seat. Among the various 

child detectors were introduced by researchers are Passive Infrared Red (PIR) motion sensor, RFID, RF 

safety pad, capacitive sensor, microwave sensor, pressure transducer, temperature detector and image 

detector [6-9]. However, all the inventions are still yet to provide the effective and comprehensive 

warning and feedback systems to trigger parent for the unattended child in the vehicle. Some of the 

inventions have drawbacks. For example, for the child seat, there were synchronization issues between 

child-seat-sensing device and notification device. Meanwhile, PIR required motion from the children 

and will not effective for the children in sleep condition. Another invention was the use of pressure 

transducer on the child seat to detect the changing of air pressure due to the opening and closure closing 

of the vehicle door. 
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Here, the device was integrated with the vehicle alarm system to produce alarm once the pressure 

transducer activated. Meanwhile, for image detection technique, it requires wide angle camera and of 

course, a lot of cameras are required for bigger vehicle such as multi-purpose vehicle or sport utility 

vehicle. Another method is the use of visual signal at the car dashboard to enable driver to have a view 

behind the driver seat. However, this method might not practicable for bigger vehicle such as 

multipurpose vehicle. In term of communication systems, it cannot be denied that the wireless 

communication is a practical and an effective medium to enable human to communicate with electronics 

device. Among them are IEEE 802.4.15, the network Global System for Mobile Communications 

(GSM), Global Positioning System (GPS) and Radio Frequency Identification system (RFID) were used 

extensively especially in vehicle safety technology. In current vehicle technology, most of the modern 

vehicle already equipped with wireless anti-theft security system whereas the child detection system is 

installed on the vehicle baby seat and strictly applied for vehicle in US and European countries [9]. 

In those countries, there is a law to put the young child or infant in the child seat when driving the 

vehicle. In Asian countries, especially in Iraq, the law is not fully followed and merely the expensive 

vehicle has the accessories for anti-theft only. Thus, it a must for every vehicle regardless the type of 

the vehicle, to be equipped with the wireless child detection system since the system is proven by 

researchers to enable human to communicate with the vehicle regardless the location of the vehicle 

unless the location cannot be reached by the GSM. 

Therefore, this research will introduce a comprehensive child detection system which Enhancement of 

the previous researches by combining both temperature and oxygen level detection systems. The 

proposed system is constructed to achieve the followings following objectives: 

1. To design a warning system 

 

2. To detect the presence of children in unattended vehicle using a combination of pressure, oxygen 

level, and temperature detection techniques. 

 

3. Besides, the system is created to provide the intelligent feedback system by sending a phone call to 

notify the parents. 

 

2. Literature Review 

 

This part illustrates several studies published by researchers related to car safety seat basedon different 

systems. In 2005 study by “Guard and Gallagher,” recommend educating parents on keeping cars locked 

when unattended and on the unique susceptibility children have to extreme heat, as well as the rapid 

increase of vehicle internal temperature [10]. The national highway traffic safety Administration 

released an article to parents/guardians in May of 2015 reminding them of the dangers of heat stroke 

and providing the following tips to prevent such an accident from occurring. Therefore, never leave a 

child unattended in a vehicle. [11]. 

1. Make a habit of looking in the vehicle forward to back before locking the car. 

2. Ask the child care provider to call if the child does not show up as expected. 
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3. Do things that serve as a reminder that the child is in the car. 

4. Teach children that a vehicle is not a play area. 

2.1 Car Seat Sensors System 

The safe Sensor is currently one of the only car seats manufactured including a safety system to prevent 

child vehicular heatstroke. the safe Sensor plays a series of chimes or tones when the car stops at its 

destination [12]. The safe Sensor serves to remind the parent or guardian that the child is buckled into 

the car by preventing a situation where the parent may unintentionally leave the child in the car seat. 

The system does not offer Bluetooth or wireless cell phone connectivity and serves only as an initial 

reminder that the child is in the car. In the event the child is still left in the car, there is no additional 

notification system in place. 

2.2 Other Systems 

In a year 2012 a study eighteen different child safety products were analyzed to determine effectiveness 

in preventing/notifying parentsor guardians that a child was at risk for child vehicular heatstroke. Seven 

of the products utilized a force or pressure sensing, three utilized child restrain fastening, five had no 

sensing capability, and the remainder had vehicle interface [13]. None of the products tested were a full 

car seat package. Some of these products included the baby be safe that isattached to your key chain to 

serve as a visual reminder and the forget me not car seat system that measure pressure in the car seat 

and sends an alarm to a 

2 key chain if pressure issense and the key chain moves 10 or 20 feet away from the vehicle [13]. 

2.3 Types of Car Seats 
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This chart T a b l e ( 2 ): is a quick guide on where to start your search. It's important to continue yourresearch 

to learn about each seat you use.    

  Chart Table (2) 
  

  Types of Car Seats 
  

Age-group Type of Seat General Guidelines 
  

Infants andtoddlers  Rear-facing-only 

All infants and toddlers should ride in a rear-facing seat until they reach 

the highest 
 

 
Rear-facing-

convertible 

weight or height allowed by their car safety seat manufacturer. Most 

convertible seats 
 

 

have limits that will allow childrento ride rear facing for 2 years or more. 

 

  
 

   
 

Toddlers and  Forward- facing 

Children  who  have  outgrown  the  rear-facing  weight  or height  limit  

for  their 
 

preschoolers 

convertible 

convertible seat should use aforward-facing seat with a harness for as long 

as possible, 
 

 
up to the highest weight or height allowed bytheir car safety seat 

manufacturer. Many 

 

 

 Forward- facing with 

 

 

seats canaccommodate children up to 65 pounds or more. 

 

 

Harness 

 

  
  

   
 

School-aged  Booster 

All children whose weight or height exceeds the forward-facing limit for 

their car 
 

children  

safety seat should use a belt-positioning 

booster seat 

until the vehicle seat belt 

fits  

  

properly, typically when they have reached 4 feet 9 inches in height and 

are 8 to 12 
 

  

years of age. All children younger than 13 years should ride in the back 

seat. 
 

   
  

Older  Seat belts 

When  children  are  old  enough  and  large  

enough 

forthe vehicle seat belt to 

fit  

children  

them correctly, they should always use lap and shoulder seat belts for the 

best 
 

  protection. All children younger than 13 years should ride in the back seat. 
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2.4 Car Seat Installation Information: Seat Belts and LATCH 

 

Car safety seat as shown in Figure (1) may be installed with either the vehicle’s seat belt or its LATCH 

(lower anchors and tethers for children) system. LATCH is an attachment system for car safety seats. 

Lower anchors can be used instead of the seat belt to install the seat, and many parents find them easier 

to use in some cars. The top tether should always be used with a forward-facing seat, whether you use 

a seat belt or lower anchors to secure it. The seat belt and LATCH systems are equally safe, so caregivers 

should use one or the other whichever works best for them, their car safety seat, and their vehicle. In 

general, parents should only use one of the two options, unless the car safety seat and vehicle 

manufacturers can be used both systems at the same time. use one of the two options, unless the car 

safety seat and vehicle manufacturers can be used both systems at the same time. 

 

 

 

 

 

 

 

 

 

 

 

Figure (1): Car safety seat 

Vehicles with the LATCH system have lower anchors located in the back seat, where the seat cushions 

meet. Tether anchors are located behind the seat, either on the panel behind the seat or on the back of 

the seat, ceiling, or floor (in most minivans, SUVs, hatchbacks, and pickup trucks). All forward-facing 

car safety seats have tethers or tether connectorsthat fasten to these anchors. Nearly all passenger 

vehicles and all car safety seats made on or after September 1, 2002, are equipped to use LATCH. See 

vehicle owner's manual for highest weight of child allowed to use top tether. All lower anchors are rated 

for a maximum weight of 65 pounds (total weight includes car safety seat and child). Parents should 

check the car safety seat manufacturer'srecommendations for maximum weight a child can be to use 

lower anchors. New car safety seats have the maximum weight printed on their label. 

 

2.5 Seat belts 

 

If you install a car safety seat by using your vehicle's seat belt, you must make sure the seat belt locks 

to hold the seat tightly. In most new cars, you can lock the seat belt by pulling it all the way out and 
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then allowing it to retract to keep the seat belt tight around the car safety seat. In addition, many car 

safety seats have built-in lock-offs soyou can lock the belt without having to lock the seat belt separately 

as well. Refer to the vehicle owner's manual for details about how your seat belt locks. 

 

2.6 Middle of the back seat 

 

The safest place to ride for all children younger than 13 years is the back seat. If possible, it may be 

best for the child to ride in the middle of the back seat. However, it is sometimes difficult to install a 

car safety seat tightly in the middle if the vehicle seat is narrow or uneven. Also, many vehicles do not 

have lower anchors for the middle seating position. It is safest to put the car safety seat in a position 

where you can install it tightly with either the lower anchor system or the seat belt, in some cases, this 

position may be on either side of the back seat rather than in the middle. A child passenger safety 

technician (CPST or CPS technician) can help you decide which place is best to install your child's car 

safety seat in your vehicle. 

 

2. 7 Advantages of Child's Safety Seats 

 

2.7.1 Protection for the baby 

 

Babies and infants do not have enough resistance to bear vibrations or sudden stopswhen driving the 

car and the child may become dizzy due to the instability in the seat properly and therefore children's 

car seats are important to protect the baby. 

 

2.7.2 The car seat keeps the baby installs 

 

The movement of the child naturally and often after the age of three months, the child begins to 

recognize things more accurately and try to pick them up and play with them, so the children’s car seats 

can install the baby for a long time. Many children have suffered significant damage due to their 

instability in the car seats many accidents may occur due to the mother's distraction from the child's 

movement while driving. 

 

3. Proposed System Design 

 

The components were added to a child safety seat are Arduino Uno microcontroller, Battery, load cell 

20kg, load cell amplifier HX711, GSM SIM900, DHT11 temperature and humidity sensor, gas sensor 

and the microphone sound sensor. These components are designed and implemented to protect children 

from the risk of death inside the vehicle [14,15]. 
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3.1 Arduino Uno Microcontroller 

 

A microcontroller is a computer on chip that is programmed to perform all control, sequence, 

monitoring and display functions. Because of its low cost, this microcontroller is a natural choice for 

researchers [16,17]. Arduino is one of the open-source computing platforms (OSEPP) in 

microcontrollers and used in projects to design and use the microcontroller development boards [18,19]. 

These microcontroller boards come with a variety of development board packages (Schmidt, 2011). 

Arduino is an open-source electronics platform based on easy to use hardware and software. Arduino 

are able to read inputs light on a sensor, a finger on a button, or a twitter message and turn it into an 

output - activating a motor, turning on an LED. That Arduino microcontroller is simple and has 

accessible user experience. Arduino boards are completely open-source, 

 

empowering users to build them independently and eventually adapt them to their particular needs. 

Those Arduino need large portions sorts similar to UNO, MEGA and various others, here Arduino UNO 

is applied as shown in Figure (2). 

 

 

 

 

 

 

 

 

 

 

Figure (2): Arduino Uno microcontroller 

 

Arduino Uno microcontroller board is based on the Atmega 328P. It has 14 digital input/output pins (of 

which 6 can be used as PWM outputs), 6 analog inputs, a 16 MHz quartz crystal, a USB connection, a 

power jack, an ICSP header and a reset button. The Arduino programming language is C/C++. Arduino 

Uno board requires just 5V supply. When you reconnect the battery, the last program you set away will 

run. This assembles you interface the board to the host PC to make your program, after uploading the 

program in Arduino board you never again need the PC to run the program 

The Load cell amplifier HX711 modules allow you to easily read load cells to measure weight. By 

connecting the amplifier to your microcontroller such as an Arduino you will beable to read the changes 

in the resistance of the load cell, and with some calibration you’ll be able to get very accurate weight 
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measurements. This can be handy for creating your own industrial scale, process control or simple 

presence detection. The HX711 as shown in Figure (3) uses a two-wire interface (Clock and Data) for 

communication. Any microcontroller’s GPIO pins should work, and numerous libraries have been 

written, making it easy to read data from the HX711. Check the hookup guide below for more 

information. Applicable to electronic scale, price computer scale, electronic platform scale, digital 

scale, parcel post scale, electronic balance and all varieties of commercial scales using single load cell. 

 

 

 

 

 

 

 

 

 

 

Figure (3):  Load cell amplifier HX711 

 

(GSM) SIM900 addresses Global System for Mobile Communications is shown in Figure (4). It is a 

specially designed model that accepts the Subscriber Identity Module (SIM) Card and operates like a 

mobile phone. The coverage area of each cell varies according to the execution environment. SIM900A 

GSM Module 

 

5 is the smallest and cheapest module for GPRS/GSM communication. It is common with Arduino and 

microcontroller in most of embedded application. The module offers GPRS/GSM technology for 

communication with the uses of a mobile SIM card. It uses a 900MHz and 1800MHz frequency band 

and allows users to receive/send mobile calls, SMS text message, connecting to internet through GPRS 

and TCP/IP. The keypad and displayinterface allows the developers to make the customize application 

with it. Furthermore, it also has modes, command mode and data mode. In every country the 

GPRS/GSM operateswith different protocols/frequencies. Command mode helps the developers to 

change the default setting according to their requirements. 
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Figure (4) GSM SIM900 

 

DHT11 temperature and humidity Sensor is shown in Figure (5), it a combination of the features of a 

temperature sensor and humidity sensor with a calibrated digital signal output.By using the exclusive 

digital signal acquisition technique and temperature - humidity sensing technology, it ensures high 

reliability and excellent long term stability. This sensor includes a resistive-type humidity measurement 

component and an NTC temperature measurement component, and connects to a high performance 8-

bit microcontroller, offering excellent quality, fast response, anti-interference ability and cost 

effectiveness. 

Each DHT11 element is strictly calibrated in the laboratory that is extremely accurate on humidity 

calibration. The calibration coefficients are stored as program in the OTP memory, which are used by 

the sensor’s internal signal detecting process. The single-wire serial interface makes system integration 

quick and easy. Its small size, low power consumption and up to 20-meter signal transmission making 

it the best choice for various applications, including those most demanding ones. 

 

 

 

 

 

 

 

 

Figure (5) DHT11 temperature and humidity sensor 

Gas sensor (also known as gas detector) is shown in Figure (6), it is electronic device that detect and 

identify different types of gasses. It is commonly used to detect toxic or explosive gasses and measure 

gas concentration. Gas sensor is employed in factories and manufacturing facilities to identify gas leaks, 

and to detect smoke and carbon monoxide in homes. It is commonly used in air quality control 
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equipment. It operates from 2.5V to 5.0V and can provide both digital and analog output. When the 

levels of these gases go beyond athreshold limit in the air, the digital pin goes high. 

 

 

 

 

 

 

 

 

 

 

Figure (6) Gas Sensor 

 

The microphone sound sensor is a small board that combines a microphone (50Hz-10kHz) and some 

processing circuitry to convert sound waves into electrical signals. This electrical signal is fed to on-

board LM393 high precision comparator to digitize it and is made available at OUT pin. The module 

has a built-in potentiometer for sensitivity adjustment of the OUT signal. You can set a threshold by 

using a potentiometer, so that when the amplitudeof the sound exceeds the threshold value, the module 

will output LOW otherwise HIGH. The microphone sound sensor is shown in Figure (7) 

 

 

 

 

 

 

 

 

 

 

 

Figure (7): The microphone sound sensor 

Overall project consists of Arduino Uno, battery, load cell temperature and humidity sensor, gas sensor, 

the microphone 

20kg, amplifier HX711, GSM sim900, DHT11 soundsensor and car seat as shown in Figure (8) 
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Figure (8): Overall Project 
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