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Abstract 

Driving vehicles in the streets is not an easy practice that can done safely without considering the 

set of policies and laws to control this activity. In contrast, there are risks and dangers in driving 

may expose the driver into serious danger and may lead to death in some situations. Drivers should 

pay high attention to every detail surrounding them while driving to avoid accidents, and to achieve 

this, we came out with the idea of designing smart Blackbox monitoring system for the real time 

acquisition of data captured by using a set of sensors and components. 

The combination between electrical field, information technology, and human lives safety major 

has been recently focused largely and will definitely produce many benefits. To convert safety and 

protection systems to be automated, will significantly help to reduce risks of accidents and increase 

safety and protecting for human lives.  

The  idea of the project is to design a built-in Blackbox system for vehicles used to send data into 

the concerned party in case of crashes or accidents to prevent the increase of serious injuries by 

sharing the location of accident with the emergency, capturing image of the accident, and to 

classify the level of needed help. Also, the extreme growing of interest in preservation of the 

environment has given space for more researches and focusing on power consumption and how to 

utilize this energy in a better way. 
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Chapter One: Introduction  

According to the World Health Organization, more than a million people in the world die each 

year from transportation-related accidents. In order to respond to this situation, the black box 

system takes the first step towards solving this issue, which crosses national borders and threatens 

the safety and health of people around the world. The black box method implemented on the United 

States market in 1999, proved to be successful. [1] 

Roadways have become more congested with a dramatically less environmentally friendly mode 

of transportation: automobiles. Vehicles and the drivers may be exposed to serious threat and 

danger to the safety due to the carelessness of some drivers and their failure to abide by traffic 

laws and policies. Most of danger for drivers in the street when they are being passed by a car from 

behind, a vehicle with high speed comes from the side, or even a vehicle suddenly stops from front 

or be collided by other vehicles from any side. 

However, cars often cause problems, such as road congestion, environmental pollution, etc and 

traffic accidents are probably the most serious of them. Car accidents happen all the time, and 

people lose their lives as a result. In certain cases, there are no witnesses to such accidents. Road 

accidents have been said to be the second leading cause of death worldwide among young people 

and to impact the most economically active members of the population. [2] 

In order to have an effective approach for reducing traffic fatalities, an automatic and detection 

notification systems that use sensors embedded in vehicles are required to determine when an 

accident has occurred and to report the location of the accident. These systems as proposed solution 

in this report is immediately help in dispatch emergency medical personnel to serious accidents 

and eliminate the time between accident occurrence and first responder dispatch reduces fatalities. 

As a result, drivers in the street must offer more substantial amount of their cognitive and physical 

ability to periodically scan for other vehicles from rear-approaching or front vehicles, reducing 

their capacity to handle the drivers safely and maintain continual awareness for both the forward 

and rearward situations. Proceeding from this concept and to improve safety as roads, this project 

presents prototype that augments a vehicle equipped with sensors and computational capabilities 



to take an immediate action and send data such as location, video record, notification to ambulance 

or police station as a notification in case of crashes of accidents. 

This automation blackbox system designed to monitor the driver by detecting accidents and take 

a quick action by sending all needed data to the emergency, so authorities can easily decide what 

kind of help is needed and what is the exact authority should respond immediately such as traffic 

officer, ambulance, or even Firefighting station. The system supposed to receive signals from 

sensors attached in the vehicle and connected to microcontroller or control unit in the system, 

translate these signals into readings can be used to measure the status and take a proper action that 

would help in protect drivers in the street. In addition to that the system sends SMS notifications 

to a predefined number in case of emergency situations and send the location of the injured driver 

as safety precaution in case of accidents. 

1.1 Background 

This area attracted the attention of government and other sectors to implement ideas to protect 

drivers and come up with inventions using the available technologies to increase driver safety at 

roads, which are proposed and implemented in practice. In the last few years, the need of providing 

a practical solution for such cases has become urgent and necessary as the death due to the 

increasing of vehicles accidents and serious injuries resulted. We have been going through many 

researches in the field where many implementations and ideas have been proposed and explored, 

and already implemented in most countries. All these implementations and systems can be 

classified according to the applications and areas where implemented. 

 1.1.1 Accidents collecting data 

Say that there is no doubt that accidents reduce the carrying capacity of the highways and also 

disturb traffic operation. In cases where the heavy volume traffic that leads to ease the occurrence 

of minor accidents. In the study, the features of accidents are studied with exact full accident 

record. Where recorded in highways in holidays. This study found that accidents raised up through 

various of holidays. the idea is by taking or capturing two images for the accident scene, which 

can be tested through two-eye vision in a computer. Because of maneuverability of the 

investigation for the accident scenes, the faults of the photo matching affect the accuracy of 



rebuilding importantly, so the photo corresponding was capturing based of association of two 

arguments into images of the same location in the accident scene. [3] 

1.2 Problem Statement 

Based on the statistics of the Ministry of the Interior (MOI) which state that the increased number 

of road accidents, the large number of minor accidents that occur on a daily basis and trigger traffic 

jams and disrupt the functioning leading to the loss of government funds in Kuwait, these accidents 

also have an environmental impact and cause serious damage to the environment. 

The problem lies in the occurrence of a traffic accident and the congestion associated with it while 

waiting for traffic officers to arrive and take the details of the accident. The fundamental issue is 

the lack of time waiting for traffic officers to arrive and the completion of the accident report, 

which decreases the street level of service. 

The need of such type of projects usually occurred specifically based on the increasing of accidents 

and injury cases appear in local community as happened few days ago, which usually encourages 

competence holders in this field to conduct a deep research in finding practical solutions when it 

becomes a phenomenon widespread in the local community. 

1.3 Aims and Objectives of the Project 

The main objective of this project is to build a system that will detect vehicle accidents and send 

the required data immediately to the concerned authority to show up at accident location in a 

reasonable time. In addition to detect fire that possibly happen through gas sensor.  

1- The main objective of the system that detecting accidents 

2- Detect possible fire through gas detection sensor 

3- A temperature sensor to measure the temperature in the car as a pre-step to predict risk of 

fire before it happens 

4- To estimate and measure the flame of fire using the Light (flame) sensor which activated 

when a fire occurred in the vehicle. 

5- Improve the level of service  

6- Save government assets  

7- Reduce accidents and daily injuries 



8- Reduce pollution 

9- GSM module to send SMS notification 

10- Specify the exact location of the biker and send it to specific entities as such ambulance. 

1.4 Significance, Scope, and Definitions 

Scope refers to the set of objectives and requirements required to complete the project. scope and 

definitions of the project used as a part of any project management and its lifecycle. Properly 

defining the scope of a project will allow the team of this project to estimate the exact cost and 

time needed to finish the project and release the expected outcomes. The project scope focuses on 

set of items in the backlog that has to be developed as follows: 

• Detect the physical accident when happens 

• Detect gas, smoke, flame, and fire inside the car 

• Send SMS notifications to predefined numbers 

• Specify the location of the accident through GPS technology 

• Monitor and control the fuel system in the vehicle and stop feeding engine in the cases of 

accident. 

1.5 SWOT Analysis 

As shown in table1, the SWOT analysis shows a brief view of the Strengths, Weaknesses, 

Opportunities, and Threats predicted for this project. It is important for the team to look at these 

crucial points to help us make decisions throughout the project in order to overcome the different 

problems and to achieve the project’s goals and objectives. 

Table 1 Project SWOT Analysis 

• Strengths 

- Accessibility.  

- Easy to use. 

- Cost-effective project. Doesn’t cost a 

lot to implement the system. 

- Maintainability. Components are 

available and can be easily 

maintained 

• Weaknesses 

- Limitations of use and functionalities. 

Not designed to serve a large volume 

of work 

- Size of system prototype. The size of 

the prototype is limited 



- New idea 

 

• Opportunities 

- The need for the auto blackbox to 

make a significant affect in reducing 

accidents. 

- High possibility for the system to be 

adopted by one of the interested 

authorities. 

 

• Threats 

- Users confidence to use the system. 

- How reliable will the system respond 

to the accidents and offer the 

expected support. 

 

1.6 Report Outline 

Each section of this report clarifies a set of project elements and attributes in a variety of ways. 

Chapter 1 defines a system introduction and a brief overview, problem statements, project 

objectives, and the SWOT analysis. Chapter 2 illustrates the literature review of the project, 

previous works and similar projects. In particular, Chapter 3 sets out the analysis, the proposed 

solution design in brief, and, finally, the hardware components and preliminary costs. 

Chapter 4 deals with the detailed design of the project, and this chapter will contain detailed and 

more description in the next capstone of this project, to describe each part of the system and its 

role, hardware implementation and software implementation. 

Chapter 5 is an evaluation and survey conducted with a random segment of people to study how 

much system requirements match the needs of the user. In Chapter6, discussing the project 

conclusion and future works. 

 

 

 

 



Chapter Two: Literature Review  

This section of the report compares available projects that have been implemented previously and 

completely or partially similar to our project’s idea. It also includes some reviews and general 

concerns and standards that were addressed and mentioned by others regarding this concept. The 

projects surveyed may not reflect the exact same system as our project, but they have many 

similarities in terms of the devices used and the way they are connected. They also provide the 

same concept of smart fridge activities with different specifications, and the implementation of 

these projects will be investigated in this section. There are many possible applications for smart 

fridge; therefore, finding the exact same project idea that measures the exact same parameters 

couldn’t be achieved.  

 Therefore, what the systems reviewed here have in common is that they all attempt to provide 

smart fridge systems. The review will be in terms of the provided features, main microcontroller 

used, sensors and another tools system equipped with to achieve the expected outcome. 

2.1 Historical Background 

The Smart Blackbox System helps to find out the cause of the problem. Accidental information 

related to such accidents is required and that information which is useful for investigating the 

accident and inform the family member. The system idea is a possible vehicle tracking system that 

sits on the dashboard to monitor the performance of the vehicle and to ensure the safety and safety 

of the vehicle as well as the driver. 

In its efforts to establish the uniform scientific crash data needed to make vehicle and highway 

transport safer and reduce fatalities, the IEEE launched IEEE 1616 in 2004. It was the first 

universal standard for Motor Vehicle Event Data Recorders (MVEDR) to monitor aircraft and 

train crashes. [4] 

On 13 December 2012, the National Highway Safety Administration (NHTSA) published a request 

for public comment in the Federal Register on a proposed rule requiring all automobiles 

manufactured for sale in the United States after 1 September 2014 to have an Event Data Recorder 

(EDR) or black box. [5] 



2.2 Surveyed Projects 

2.2.1 Implementation of Smart Black Box System for Gathering the Safety Information in 

Vehicles 

The design Smart blackbox system is to collect the accident or safety information means when 

information is needed after an accident or crime happened, investigators or police can find possible 

clues by hand. System used to record and store vehicle temperature, interruption values in real 

time and store the vehicle's driving history. We can analyze and monitor the driving conditions of 

the vehicle and the accident. Collect analog values collected by the sensors and convert them into 

a digital value to feed into the raspberry pi. Web camera continuously captured the image of front 

area and that image stored in memory card, send location detailed in text file through email. [6] 

As shown in figure1, black box contains the Raspberry pi 3, DC motor, Temperature sensor, and 

Reverse obstacle sensor, GSM, USB Webcam, Power supply. It detects the engine temperature, 

obstacle presences check. The outputs of these parameters are displayed on the email. This 

collected information’s along are send to the email. GPS tracking system developed in this paper 

helps to track the vehicle in case of an accident and enables authorities to extend immediate 

emergency medical service. When an accident occurs the raspberry pi already activated and starts 

collected the information such as temperature, the presence of obstacle checks respectively from 

the sensors. This collected information is displayed on the screen and is sent to the user through 

the mail. The GPS in the mobile communication helps to know the exact location of the accident 

spot. [6] 

 
Figure 1 Proposed System Block Diagram [6] 

 



2.2.2 Car Black Box 

The Car Black Box system focuses on monitoring of real-time driving and also uploads the 

monitored data to cloud application for further investigation in the case of an accident. This system 

helps the accident investigators as well as insurance companies to find out the cause of the crash. 

The system uses Android Smartphone as its hardware component supported with an Android 

application to provide features for accident monitoring. [7] 

Android Phone used as it provides all the characteristics to assist with reducing hardware use, as 

Android Smartphone acts an embedded system to facilitate all the features. Apart from video 

monitoring, other features such as navigation, speed tracking and anti-theft features are also 

provided in the system. 

When the application starts, it asks for user login. The user has to enter login credentials provided 

by the admin, and then user is now authorized to use the application. Then, after speed tracking 

and video recording get started immediately, Video recording is done using the rear camera of the 

Android Phone and after every specific interval (approx. 2mins) the video is split and stored on 

the Storage of the Android Phone so that we get each video of duration 2mins, this help to upload 

more videos on cloud storage with faster speed. [7] 

The location of the car recorded when the video recording starts and stops respectively after a 

specific interval and the distance between the two-location taken to calculate the approximate 

speed of the car between that specific duration (approx. 2mins). The speed of the car calculated 

along with the location (latitude, longitude) of the user is calculated and uploaded to the server as 

shown in figure2. 

The Google Maps Application provides Navigation feature, for this, the navigation button is given, 

on clicking it Google Maps open, where the user has to enter the start point and the stop point to 

get the route to the destination. After viewing the route, the user has to restart the Car Black Box 

application so that all the features of the applications are usable to the user. When the accident 

occurs, the videos and the approximate speed of the car at a particular time and location can be 

viewed to find out the reason for the crash took place. [7] 



 

Figure  2  System Workflow Diagram [7] 

2.2.3 Black Box for Vehicles 

The system proposes Global Positioning System (GPS) and Global System for Mobile 

Communication (GSM) for driver assistance and car surveillance. Accelerometer and GPS 

tracking system is developed for monitor the accident. The system consists of cooperative 

components GPS device and GSM module. In the event of accident, if any injury happened to the 

car driver or passengers so maybe there will be loss of lives due to delay in medical help. [8] 

As illustrated in figure3, the system is where the car itself intimates the concern emergency service 

for immediate reaction in case of accident or any emergency situation. After the accident, this 

wireless device will send mobile phone short message indicating the position of vehicle by GPS 

system to family members, nearest police station and hospitals. The emergency medical service 



(EMS) is provided to the driver. The threshold algorithm is used to determine speed of motorcycle 

and fall or accident in real-time. [8] 

 

Figure 3 Methodology Diagram [8] 

2.3 Summery and Implications 

As mentioned in this chapter lately, there are many projects that have been implemented in the real 

world and proposing some features that may be similar to ours or may be not, which is automating 

functionalities of recording events in the vehicles, and how to manage these records, capture 

evidences, and provide ability to share location with ability to navigate to the targeted location. 

However, each project implemented using different algorithms and applied with different 

components, and some of them are sharing the same components such as sensors or even 

microcontrollers. 

In this project, we are introducing a smart auto black box system with intelligent capability of 

apply safety information gathering system. Also, show the prototype and implementation detailed 

of the proposed that maximum utilizing the use of GPS and microcontroller by providing safe and 

secure driving at roads 

 



Chapter Three: Methodology, Design and Analysis   

The analysis and design phase totally aims to provide more details about the objectives identified 

during the requirement specification phase at the beginning of the project, so our team could easily 

understand them. It will make these objectives clearer and help to implement the required 

functionalities as expected. Creating the analysis model requires many steps; the first step is to 

create an initial flowchart diagram, which is updatable during the project analysis phase.  

 In this section, the system architecture and proposed functionalities will be discussed. The design 

details will be discussed in this section also that represents the requirements will be implemented 

in the project development phase. In addition, to list all hardware components that will be used in 

the implementation and review their specifications in this section as well. 

3.1 System Design 

The design of the auto blackbox monitoring system will be implemented with the help of 

LattePanda as control unit. All the parameters of the system such as temperature, smoke, fire, 

accidents, etc., are all controlled with the help of sensors like proposed in the initial design of the 

project. And all sensors are interfaced with the LattePanda control unit. All this information about 

the accident and events occurred can be directly monitored and controlled by the system, in 

addition to be immediately displayed on a shared cloud application for more convenience actions. 

The system proposes a set of monitoring and controlling features, mainly focusing on monitoring 

vehicles at cases of accidents, in addition to observing the situation and related events may occur 

and take the proper action based on the detected data. The system provides the ability to detect 

temperature and smoke, stop feeding engine with fuel using the proper sensors proposed. 

As shown in system architecture diagram in figure4, LattePanda is connected to all types of sensors 

and the GPS module as well. at the beginning, the crash sensor is responsible to detect if there is 

an accident happened at the moment or not. So, based on that, system then will activate other 

sensors such as temperature, gas sensor, and smoke sensor. And as a future work, an added feature 

to be added to use camera, which will be switched on to record the accident events.  



Accident happened, now the crash sensor is on, all other sensors will be activated and capture the 

required data and display in web or mobile app interface published on the cloud. The Relay board 

and both solenoids normally closed and the other solenoid normally opened as also available in 

the system design, so the relay is responsible to work as switching, and once the crash occurred, 

relay will turn on both opened and closed solenoid. 

in case the temperature sensor detected an increase in temperature, so the relay will receive signals 

to switch on the normally close solenoid, since its already closed all the time and will be activated 

once accident occurred. Normally closed will be turned on which is already connected to the fire 

extinguisher, which in turn will be activated to extinguish the fire. 

The normally opened solenoid will be assembled to be turned on since the beginning of running 

the system, which is connected to the fuel system of the vehicle and responsible to directly cut off 

feeding the engine with fuel. Finally, the and the GPS is responsible to determine the exact location 

of the vehicle and display the location details on the cloud web or mobile application. 



LattePanda Gas Sensor

Air Quality Sensor

Water Tank

Relay Board

Power

GPS

N/O Solenoid

Vibration Sensor

Temperature 
Sensor

Light Sensor

 

Figure 4 System Architecture 

Figure 5 illustrates the pinout diagram for inputs and outputs of LattePanda which are used to 

connect all other components such as Arduino, battery as power supply, LED, etc. The voltage 

range of the Alpha power input connector is 7.4~15 volts. The standard power source required 

must have 3A running at 12volts. The power required to boot up the LattePanda SBC is 

approximately 10 watts, and the operation power needed is approximately 5 watts without a very 

high electrical load. 



 

Figure 5 LattePanda Pinout and Hardware Diagram 

3.2 Project Management Methodology 

To start with project development, it has been decided to follow a project management 

methodology called Waterfall. Waterfall is a sequential development process, in which the project 

progress is flowing steadily downwards, and each stage’s output is considered as input for the next 

stage in the project’s lifecycle as shown in Figur6. 

We started with gathering information about the project through online research, then we moved 

to designing the project structure according to the proposed requirements, and we determined 

project components, hardware, and software requirements to build our project design. 

Then we will be moving to the implementation phase, where we design the system prototype and 

programming part through writing the required code instructions to acquire the expected outcome. 

Finally, we will test and validate the system before we move to the final stage of the final prototype 

design, connecting all hardware components in one circuit, and integrate the hardware part with 

the software programming part. 



 

Figure 6 Waterfall Methodology 

The reasons for adopting the Waterfall approach in our project is that it is simple and is most 

suitable for our idea since we are managing this project in a short amount of time. In addition, the 

Waterfall approach is easy to manage since processes are sequentially and each phase has specific 

deliverables. It also fits and works well for small to medium projects as ours, where requirements 

are well understood. 

3.3 Hardware Components 

3.3.1 DHT11 Temperature & Humidity Sensor for Arduino 

As shown in figure7, this Arduino temperature and humidity sensor has a full range temperature 

compensation, low power consumption, long term stability and calibrated digital signal. A high-

performance 8-bit microcontroller is integrated in the sensor with calibration-coefficient saved in 

OTP memory to provide accurate temperature readings. This sensor features a calibrated digital 

output temperature and humidity sensor. Its small size, low power, and signal transmission 

distance up to 20 meters makes it useful in a variety of applications and even the most demanding 

applications. 



 

Figure 7 IR Temperature Sensor 

3.3.2 Digital Piezo Disk Vibration Sensor 

This Vibration Sensor responds to strain changes by generating a measurable output voltage 

change which is proportional with the strength of vibration. So, user can know the extent of 

vibration. This sensor is different from digital vibration sensor that only accounts times, this analog 

one can tell extent of vibration. 

 

Figure 8: Digital Piezo Disk Vibration Sensor 

 

3.3.3 LattePanda Alpha 864s 

As shown in figure9, LattePanda is a high performance, palm-sized SBC (single board computer) 

with low power consumption that runs full Windows 10 or Linux operation system. It is widely 

used in edge computing, vending, advertising machine, industrial automation, etc. The LattePanda 

Alpha, based on Intel Core™ m3-8100Y, is a Dual-Core 1.1GHz CPU that bursts up to 3.4GHz, 



Intel® UHD Graphics 615 integrated into the processor deliver enhanced media conversion, fast 

frame rates, and 4K Ultra HD (UHD) video. 

 

Figure 9 LattePanda Alpha 864s 

3.3.4 Analog Gas Sensor (MQ2) 

This is an Arduino analog gas sensor as shown in figure10. has MQ2 probe which is able to detect 

LPG, i-butane, propane, methane, alcohol, Hydrogen, smoke. It can be used in gas leakage 

detecting device in consumer and industry markets. It has a high sensitivity and fast response time. 

this sensor can work at 3.3V which makes it compatible with Arduino, Raspberry Pi, Intel Edison, 

joule and curie. 

 

Figure 10 Analog Gas Sensor (MQ2) 



3.3.5 GPS NEO6MV2 Flight Control Module 

GPS Module as shown in figure11, is a GPS NEO6MV2 Flight Control with low cost yet powerful 

GPS receiver is based on the famous and high-end u-Blox Neo-6M GPS module. It comes with 

small battery for hot-start, and there is built-in EEPROM too. To offer better signal reception, there 

is external ceramic antenna that connect to the board via U.FL connector. It can operate from 3.3V 

to 5V system, so all those 5V and 3.3V boards are compatible and working perfectly with this GPS 

module.  

 

Figure 11 GPS Module with Enclosure 

3.3.6 Air Quality Sensor (Breakout) 

An air quality sensor as shown in figure12, is a Sensor Breakout Board can measure the eCO2 

(equivalent CO2) and TVOC (Total Volatile Organic Compounds) density. It can be widely used 

in many applications, such as air quality detection, air purifiers, ventilation system, and so on. This 

CCS811 air quality sensor uses AMS's unique micro-hot plate technology. Compared to 

conventional gas sensors, the heating wire is lower power consumption, heating faster, and smaller. 

This air quality sensor supports multiple modes, such as detect in every second, in every 10s, in 

every one minute, in every 250ms and sleep mode 



 

Figure 12 Air Quality Sensor 

3.3.7 Solenoid Valve 

This Solenoid valve as shown in figure13, is a 12V solenoid valve to control the flow of liquid! 

This is an automated and manual solenoid valve that comes with three colors control wires: red, 

yellow and blue. Connect the blue wire to positive pole to open the valve, or connect the red wire 

to positive pole to close the valve. The yellow wire is the shared ground line. The valve features 

stable performance, high sensitivity and anti-electromagnetic interference. It can withstand 

1.0Mpa static pressure. 

 

Figure 13 Electric Solenoid Valve Water Air 

3.3.8 Analog Grayscale Sensor for Arduino 

This gray scale sensor as shown in figure14 is able to measure the intensity of light from black to 

white.  A gray scale is also known as black-and-white, are composed exclusively of shades of gray, 

varying from black at the weakest intensity to white at the strongest.  



The gray scale sensor for Arduino is a composition of a photocell (light-controlled variable 

resistor) and a integrated white LED on board aiming just front of the sensor. It's connected LED 

will let you compare and provide some reflective feedback to analyze gray scale light ranges. 

 

Figure 14 Analog Grayscale Sensor 

 

3.3.9 Windshield Washer Tank/Bottle Kit With 12-Volt Electric Pump 

 

Figure 15 Washer Tank/Bottle Kit 

3.4 Cost Analysis 

Cost analysis part is mainly aiming to ensure that project meets the estimated cost and doesn’t 

exceed the budget. Mainly, most of the hardware components will be ordered online through 



different websites and also from local electronics shops in Kuwait. These shops contain the most 

usable components in the area of engineering. As shown in Table2, all hardware components will 

be used in the project are listed, the needed quantity for each component and price as found on the 

website. Total price as mentioned in the table is 241.250 KWD without including the shipping fees 

and taxes 

Table 2 Cost Table 

  

  

    Per Item Total Cost 

# Item Name  Qty Cost - KD Cost - KD 

  Temperature & Humidity Sensor 1 2.250 2.250 

  Digital Piezo Disk Vibration Sensor 1 1.500 1.500 

 
LattePanda Alpha 864s 1 136.350 136.350 

 
Gas Sensor (MQ2) 1 3.500 3.500 

  GPS NEO6MV2 Flight Control Module 1 44.500 44.500 

  Fire Extinguisher 1 21.250 21.250 

 KLOD SOLENOID VALVE AIR WATER 

GAS OIL BRASS 

1 8.00 8.00 

 Air Quality Sensor 1 7.500 7.500 

 Grayscale Sensor for Arduino 1 0.900 0.900 

 Windshield Washer Tank/Bottle Kit 1 15.500 15.500 

Total Cost  241.250 



 

3.5 Hardware Components Comparison 

Table 3 Controller Unit Comparison 

Controller Unit LattePanda Raspberry Pi 

Model Alpha Pi 4 

Processor 1.8GHz 1GHz 

Operating Voltage 12V 5.1V 

CPU Speed 1.8GHz 1GHz 

Language 
C language, Python, and 

any language 
Python 

Price 62 KWD 22.5 KWD 

Selected Yes No 

 

Table 4  Software Interface Comparison 

Interface Software Blynk Cayenne IoT Ready 

Programming Language Python, C Python, C, C++, Java 

Microcontroller 

Compatibility 

Arduino, Raspberry Pi, 

LattePanda 
Arduino, Raspberry Pi 

Operating System IOS / Android IOS / Android 

Price Free Free 

Selected Yes No 

 



 

Table 5 Temperature Sensor Comparison 

Temperature Sensor 
DHT11 Temperature & 

Humidity Sensor 

LM35 Temperature Sensor 

For Arduino 

Operating voltage +5V 3.3V/5V 

Operating Temperature -20℃-80℃ -40℃～150℃ 

Range of temperature 

measurement 
0℃～50℃ 0℃～100℃ 

Range of humidity 

measurement 
20-90%RH NA 

Selected Yes No 

 

Table 6 Vibration Sensor Comparison 

Vibration Sensor 
Digital Piezo Disk Vibration 

Sensor 

Flexible Piezo Film 

Vibration Sensor 

Operating voltage 3.3V to 5V 5V 

Interface Analog 
Gravity PH2.0 3Pin 

interface 

Size 22x30mm (0.87x1.2’’) 27mm * 22mm 

Selected Yes No 

 

Table 7 Air Quality Sensor Comparison 

Air Quality Sensor 
CCS811 Air Quality Sensor 

(Breakout) 

SGP40 Air Quality Sensor 

(Breakout) 

Operating voltage 3.3V~5.5V 3.3V~5V 

Operating Temperature 

Range 
-40℃~85℃ -10℃~50℃ 



Operating Humidity Range 10%RH~95%RH 0%RH~90%RH 

Dimension 16*20mm / 0.63*0.79 18*11.5mm/ 0.71*0.45 

Selected Yes No 

 

Table 8 Gas Sensor Comparison 

Gas Sensor 
Analog Gas Sensor (MQ2) 

For Arduino 

Analog Gas Sensor (MQ4) 

For Arduino 

Operating voltage 5V 5V 

Interface type Analog Analog 

Sensitivity 
Fast response and High 

sensitivity 

High sensitivity to CH4，

Natural gas 

Size 36.4x26.6mm 40x20mm 

Selected Yes No 

 

Table 9 Light Sensor Comparison 

Light Sensor 
Analog Grayscale Sensor 

For Arduino 

Analog Flame Sensor For 

Arduino 

Operating voltage 3.3V to 5V 3.3V to 5V 

Interface type Analog Analog 

Size 22x30mm 22x30mm 

Selected Yes No 

 



 

 

Table 10 GPS Module Comparison 

GPS Module 
GPS NEO6MV2 Flight 

Control Module 

50 Channel GS407 Helical 

GPS Receiver 

Operating voltage 3.3V to 5VDC 3.3V @ 75mA 

u-Blox u-Blox NEO-6M GPS u-Blox 5H chipset 

RX 
Data receive in (input to 

GPS module) 

O Connect to CPU RX 

(input) 

TX 
Data transmit out (Out 

from GPS module) 

I Connect to CPU TX 

(output) 

Size 36 x 26 mm 
22.9mm x 47.1mm (with 

antenna) 

Selected Yes No 

 

  

  



Chapter Four: Implementation   

This chapter contains the hardware and software implementation for a smart fridge project. In this 

section, we clarify all development activities starting from connecting the hardware components, 

create the main circuit, preparing the software development IDE, and installing the required APIs 

and development libraries that will help us to write the program and required code instructions. 

Finally, the result of the project will be discussed in this chapter, the final view of the system 

prototype design, describing in details the mechanical part of the prototype, and finally, discuss 

the testing activities that will be conducted to confirm that all expected functionalities are operating 

properly. 

4.1 Development Environment 

In project development, it’s been decided to use Arduino IDE which using micro-C programming 

language, and under the Arduino integrated development environment (IDE) as shown in figure16. 

The Arduino Integrated Development Environment (IDE) is used to develop and write the code 

instructions required to implement the expected functionalities from other sensors and motors 

connected to the Arduino board. LattePanda is a fully fledged Windows 10 computer so you can 

program any Arduino board as normal, and one of the best things about LattePanda is the 

Atmega32u4 chip that’s on board, so developer can fully function with the Arduino. Every version 

of LattePanda comes with the onboard Arduino chip. 



 
Figure 16 Arduino IDE 

Scope in Arduino IDE is the body of the program where code instructions are written. Two main 

functions are common in all Arduino versions used to run the Arduino program, which are Void 

Setup and Void Loop.  

The Function Void Setup is used to run the code one time at the moment of running the program, 

and the Function Void Loop keeps running until program ends. All variable should be defined in 

the global scope of the program, so it can be accessed and used in any functions define. The 

libraries defined is a piece of code refers to other components such as sensors to be installed and 

defined in the Arduino, so it gives ability and access to use the functions and instructions declared 

in the libraries, which can be called by using #Include  

At the beginning of code instructions, these libraries have been called for the main components, 

temperature sensor, GPS, environmental sensor, and the Blynk library to communicate with the 

mobile application. then, defined the initial values for vibration, gas, and light sensor with the pin 

value where these sensors will be connected through. The serial communication and the streaming 

protocol for the app also defied to establish the connection with the Blynk mobile application. A 



timer for the mobile application defined to play a role in specifying how many times sending data 

we need such as every 1 to 2 seconds to make sure that connection is up all the time. 

In the void setup, the serial communication has been called in purpose for debugging and testing, 

also the PinMode is to specify the inputs and outputs such as vibration sensors which is connected 

to A0, A1 for light sensor, A2 for gas sensor, and digital 4 for the relay as an output from the 

Arduino 

4.2 Implementation Details 

At the beginning of project design implementation, it’s been considered all details about prototype 

and how electrical circuit including hardware components will be installed to the prototype as per 

the proposed requirements. After receiving the components, then started with designing the 

prototype as we decided to use a battery-operated children’s car model and assembling the 

electronic circuit including components such as sensors, microcontrollers, etc. 

The extinguishing material pump is connected to the engine through a hose, so the materials can 

pass through, and as in prototype, will use water instead of real extinguisher materials. A fuel valve 

is normally closed at the beginning of the system, and it will be locked when system detects an 

accident to stop the flow of the fuel to the engine, thus avoiding a fire in the car. When the system 

is activated according to an accident detected, extinguishing material pump will run to put out the 

fire, and fuel valve will be automatically locked to stop the flow. 

Temperature sensor is used to detecting the temperature inside the car through laser, which means 

the ability to measure from a distance. As mentioned previously, system will be activated when a 

fire detected, and will remain running as long as the fire still exist. In case fire is extinguished, 

system will remain running for extra 10 seconds to make sure that things are fine and then will be 

completely turned off until being activated if a fire detected again. 

The gas sensor is connected to the engine so when fire occurs, sensor will measure the CO 

percentage. Also, air quality sensor used to measure the quality in the air in general such as CO2 

and TVOC to determine the toxicity exist in the air. Finally, the vibration sensor is connected and 

responsible to detect the accident in the car through sensing the vibration level of the car. light 

sensor also connected as a component to measure the flame of fire. 



4.3 Testing and Demonstration 

Regarding testing and system validation phase, we have tested all received components at the 

beginning as individually and after connecting them all together. We have divided the testing phase 

mainly into two levels, the first part was including testing the electrical circuit with the the 

LattePanda and Arduino and other hardware components, and this was in purpose to verify that 

circuit with the main functions are working properly. Also testing the signals that coming from the 

sensor connected to the microcontroller, and this part have been completed successfully. The other 

part that is related to software code instructions including the Arduino IDE and mobile application 

using Blynk, which responsible to write the correct code that supposed to operate exactly as 

expected and as per the project requirements proposed. 

We were testing the vibration sensor through knocking hardly on the car prototype body to dispatch 

signals to the sensor that an accident happens, and this will be reflected as a warning message sent 

to the mobile application and displayed in the orange box in the mobile app with an alert as 

illustrated in figure17. but for the fire, when it’s been detected, system sends alert and display 

warning message in the blew box in the mobile app. 

 

Figure 17 Mobile Application 

 



The car prototype has been selected since the beginning based certain standards as per our need do 

the demonstration as in real environment considering all sensors and components are used. we put 

all components in the engine because usually risks and issues begins with the engine side, as it is 

the main place in the car where fuel passes through, and this is obviously considered the main 

factor for any serious problem. For the gas, light, and temperature sensors, which all are running 

when a fire detected, then extinguishing system begin to operate by using water pump and 

connected to the engine to take the proper action when a problem occurs.  

4.4 Results of the Project 

As shown in figure18, the front side of the car, specifically the hoods area, an environmental sensor 

is fixed and connected to the LattePanda. The environmental sensor is the only component in the 

circuit that uses 3.3V. Temperature sensor, gas sensor, and light sensor, all are connected to the 

LattePanda. Once LattePanda and relay are connected to the power supply, all circuit will operate 

and perform the required functions. 

In case relay detected a fire, light of fire flame, gas leakage, relay will send instructions to open 

the valve and to run the water pump to extinguish the fire. Relay has Positive for the components, 

and Negative for power supply and to be through the relay itself. in general, all positive and 

negative wires for all sensors in the circuit have been collected together and connected to the 

LattePanda. GPS module is running all the time as per the need to keep monitoring and requesting 

for help whenever an urgent help is needed. 

  



  

Figure 18 System Prototype Views 

 

  



Chapter Five: Evaluation   

This section clarifies the prioritization for the main functional requirements of the system. the 

following Table9 listing the main functions of the system and the priority for each function to be 

considered in the project planning and implementation, so the development team take in 

consideration which functions should be released first. 

Table 11 Functional Requirements Prioritization 

Functional Requirements Priority Status 

Design system prototype HIGH Pending 

Create main electrical circuit HIGH Pending 

Create full integration circuit between hardware and software HIGH Pending 

Detecting accidents HIGH Pending 

Capturing images of the crash HIGH Pending 

Collect data when an event occurred HIGH Pending 

Sharing the location of accident with concerned parties HIGH Pending 

Detect smoke and fire HIGH Pending 

SMS notifications HIGH Pending 

Final testing  HIGH Pending 

5.1 Engineering Ethics 

1. Auto Blackbox System supposed to work properly, since it focuses on two main concerns, 

human live protection and control fire and gas leakage. 

2. Regardless of fault or issues, the Auto Blackbox System should behave ethically to be 

protected and not to expose people around to risks.  

3. To accept and offer any criticism of technical work from our team or other users, to 

acknowledge and correct errors, and to credit properly the contributions of others  

4. Controllers of the system should pay constant attention to the safety and protection aspects. 



5. The automated system can be developed by following the basic standards in the software and 

hardware solutions development, which will cover ethical situations. 

6. The ultimate goal is to improve protect human to expose to danger at accidents, in addition 

to take the proper action to reduce danger and risk and then ensuring that the automated 

project behave in acceptable ways is critical to earning the public’s trust of these new 

technologies.  

7. Engineers should conduct themselves honorably, responsibly, ethically, and lawfully so as to 

enhance the honor and usefulness of the profession. 

5.2 Survey & Feedback 

During our research and studying the project requirements, we have conducted a survey including 

a list of questions aims to clarify how much the project idea is acceptable among public people, 

and how will the system affect the environment and human live safety positively. Following is a 

list of the survey questions that posed to a segment of people selected randomly and their 

responses for each question. 

Q1. How old are you? 

Total answers were 140, 18 less than 18 years and 122 above 18 years old. 

 

Figure 19 Survey Question1 

 

Q2. Do you drive? 

Total answers 140, 116 of them was Yes, and 24 was NO. 



 
Figure 20 Survey Question2 

 

Q3. Have you or anyone you know had a serious car accident? 

140 Total answers, 106 Yes and 34 was NO. 

 
Figure 21 Survey Question3 

 

Q4. Have you heard about a system that detects accidents and automatically sends data to the 

relevant authorities? 

Total answers were 140, 19 of them were familiar, 44 somewhat familiar, and 77 not familiar with 

such systems at all. 



 
Figure 22 Survey Question4 

 

Q5. What Idea do you see most relevant? 

Total answers 140, 30 Thermal image, 88 Location, 62 Video recording, and 20 Gas detection. 

 
Figure 23 Survey Question5 

 

Q6. Can you elaborate on the idea(s) or the system in general? 

Total responses were 140 as shown in below table. 



Table 12 Question6 Responses 

 

 



 

 



 

 



 

 



 
  



Chapter Six: Conclusion and Future Works  

6.1 Conclusion 

This project has presented a new vision for the vehicles industry, which is the Black Box system 

used for vehicles. A full and detailed description was made for every part of this system, and will 

be more description to be in the second capstone of this project. This paper has also offered a brief 

description about the suggested component to be used in the system design. In addition, the 

development approach and technology between the two parts of the system, hardware and 

software, has been introduced. The Black Box system built can be implemented in any vehicle. As 

soon as the driver runs the motors, since motor cycling is widespread in Kuwait, this system will 

begin saving the events of the corresponding vehicle. The last seconds in any accident are always 

matter and make a big different in saving lives, and in case of an accident, any additional seconds 

or delay may expose driver into more risk and danger. The data saved can be retrieved and 

displayed after the accident for privacy purposes, and to be shared on cloud for fast data 

transmission and to be able to monitor accidents and take the proper actions. 

6.2 Future Works 

This field has a lot of potentials and improvements that can be added on any project. proceeding 

from safety and human lives protection, we came up with a set of features and specifications that 

be developed as an extra value to the project in the future such as follows: 

1. Speed detector that in case driver crossed the allowed speed limit, system will slow down 

in convenient way. 

2. Develop the system to be rechargeable either through solar system or Kinetic energy gained 

from the movement of the vehicle. 

3. Send frequent notifications to the concerned parties based on the response duration. 
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Appendices 

Appendix A: Programming Source Code 

// temp sensor  

#include <Wire.h> // i2c comm protocol for temp sensor  

#include <IR_Thermometer_Sensor_MLX90614.h> // temp sensor lib  

#include "DFRobot_CCS811.h"  // temp sensor h file  

 

//gps  

#include <TinyGPS++.h> // lib for gps  

 

// blynk application  

#include <SoftwareSerial.h> 

 

 

// envormental sensor  

DFRobot_CCS811 CCS811; 

 

//vibration sensor  

int vibsensor_pin = A0; // pin for vib sensor  

int vibsensor_val = 0; // bibsensor val  

 

int gassensor =0; // gassensor val saved here  

 

int lightsensor = 0; // light sensor value saved here  

 

int CO2 = 0;  //co2 value saved here  

int TVOC =0;  // tvoc value saved here  

 

#include "DHT.h"  //  temp sensor  

#define DHTTYPE DHT11   // DHT 22  (AM2302), AM2321 // type of temp senspor  

#define DHTPIN 5 // digital pin 5 is connected to the temp sensor    

DHT dht(DHTPIN, DHTTYPE); // intilize connection  

 

 

#define BLYNK_PRINT Serial1 // application connect  

#include <BlynkSimpleStream.h> // streaming protocal for the app  

// You should get Auth Token in the Blynk App. 

// Go to the Project Settings (nut icon). 

char auth[] = "mHGlicCovizJfgQSbWw8vvSosf58KUAA"; //code for app  

BlynkTimer timer; // timer function to send to app  

 

// This function sends Arduino's up time every second to Virtual Pin (5). 

// In the app, Widget's reading frequency should be set to PUSH. This means 

// that you define how often to send data to Blynk App. 

WidgetLCD lcd(V7);  // lcd for accident  



WidgetLCD lcd2(V8); // lcd for fire  

 

static const int RXPin = 0, TXPin = 1; // GPIO 4=D2(conneect Tx of GPS) and GPIO 

5=D1(Connect Rx of GPS 

static const uint32_t GPSBaud = 9600; //if Baud rate 9600 didn't work in your case then use 

4800 

 

float spd; //Variable to store the speed 

float sats; //Variable to store no. of satellites response 

String bearing; //Variable to store orientation or direction of GPS 

 

//unsigned int move_index; // moving index, to be used later 

unsigned int move_index = 1; // fixed location for now 

 

TinyGPSPlus gps; // The TinyGPS++ object 

WidgetMap myMap(V0); // V0 for virtual pin of Map Widget 

 

SoftwareSerial ss(RXPin,TXPin); // The serial connection to the GPS device 

float t = 0.0; 

 

void C02Event() 

{ 

  CO2 = CCS811.getCO2PPM(); 

  Blynk.virtualWrite(V9, CO2); 

} 

 

void TVOCEvent() 

{ 

  TVOC = CCS811.getTVOCPPB(); 

  Blynk.virtualWrite(V1, TVOC); 

} 

void vibEvent() 

{ 

  vibsensor_val = analogRead(A0); 

  if(vibsensor_val>=10) 

  { 

    lcd.print(4,0,"Warning!"); 

    lcd.print(4,1,"Accident"); 

    String body = String("Car plate Number:12-234 had an accident check app for location "); 

    Blynk.email("elmojoe1611@gmail.com", "Subject: Car Accident", body); 

    Blynk.notify("Warning Car had accident"); 

    delay(5000); 

  } 

  else 

  { 

    lcd.clear(); 



  } 

 

   

  Blynk.virtualWrite(V2, t); 

} 

void lightEvent() 

{ 

  lightsensor = analogRead(A1); 

  if(lightsensor<800) 

  { 

    lcd2.print(4,0,"Warning!"); 

    lcd2.print(4,1,"Fire"); 

    digitalWrite(4,HIGH); 

    delay(10000);     

  } 

  else 

  { 

    digitalWrite(4,LOW); 

    lcd2.clear(); 

  } 

   t = dht.readTemperature(); 

  Blynk.virtualWrite(V3,t); 

} 

void gasEvent() 

{ 

  gassensor = analogRead(A2); 

  Blynk.virtualWrite(V4, gassensor); 

} 

 

void checkGPS(){ 

if (gps.charsProcessed() < 10) 

  { 

  Serial.println(F("No GPS detected: check wiring.")); 

  Blynk.virtualWrite(V4, "GPS ERROR"); // Value Display widget on V4 if GPS not detected 

  } 

} 

 

void notifyUptime() 

{ 

    if(lightsensor<800) 

  { 

     Blynk.notify("Warning Car had accident"); 

  } 

 

  // You can also use {DEVICE_NAME} placeholder for device name, 

  // that will be replaced by your device name on the server side. 



  // Blynk.notify(String("{DEVICE_NAME} running for ") + uptime + " minutes."); 

} 

 

void setup() { 

  Serial.begin(9600); // serial comm for debugging and testing 

  pinMode(A0,INPUT); // vib sensor  

 pinMode(A1,INPUT); // light sensor  

 pinMode(A2,INPUT); // gas sensor  

 pinMode(4,OUTPUT); //relay  

 digitalWrite(4,LOW); // relay starts off 

  pinMode(vibsensor_pin,INPUT); 

  CCS811.begin(); 

 

Serial1.begin(9600); // for the app  

  // Blynk will work through Serial 

  // Do not read or write this serial manually in your sketch 

   

  Blynk.begin(Serial, auth); // to start blynk connectiom 

   

  // Setup a function to be called every second 

  Blynk.email("elmojoe1611@gmail.com", "Subject", "My Blynk project is online."); 

  ss.begin(GPSBaud); // starts gps  

  //timer.setInterval(5000L, checkGPS); // every 5s check if GPS is connected, only really needs 

to be 

  timer.setInterval(1000L, C02Event); 

 timer.setInterval(1100L, TVOCEvent); 

 timer.setInterval(900L, vibEvent); 

  timer.setInterval(800L, lightEvent); 

  timer.setInterval(1200L, gasEvent); 

  timer.setInterval(5000L, notifyUptime); 

  

 

 

} 

 

void loop() { 

    dht.begin(); // temp sensor  

  // put your main code here, to run repeatedly: 

  /* 

   while (ss.available() > 0) 

  { 

  // sketch displays information every time a new sentence is correctly encoded. 

  if (gps.encode(ss.read())) 

  displayInfo(); 

  } 

   */ 



 

    

    

  //Serial.println(gassensor); 

  CCS811.writeBaseLine(0x447B); //envorimental sensor  

   

  Blynk.run(); // keep the app running  

  timer.run(); // Initiates BlynkTimer 

 

} 

 

 

void displayInfo() 

{ 

if (gps.location.isValid() ) 

{ 

float latitude = (gps.location.lat()); //Storing the Lat. and Lon. 

float longitude = (gps.location.lng()); 

 

//Serial.print("LAT: "); 

//Serial.println(latitude, 6); // float to x decimal places 

//Serial.print("LONG: "); 

//Serial.println(longitude, 6); 

Blynk.virtualWrite(V1, String(latitude, 6)); 

Blynk.virtualWrite(V2, String(longitude, 6)); 

myMap.location(move_index, latitude, longitude, "GPS_Location"); 

spd = gps.speed.kmph(); //get speed 

Blynk.virtualWrite(V3, spd); 

 

sats = gps.satellites.value(); //get number of satellites 

Blynk.virtualWrite(V4, sats); 

 

bearing = TinyGPSPlus::cardinal(gps.course.value()); // get the direction 

Blynk.virtualWrite(V5, bearing); 

} 

 

//Serial.println(); 

} 

 

 

 

 


