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Abstract 

Our life now is full of technology that is incorporated in our daily routines. This 

made us think of a technique that is available but not yet used in the field we are 

targeting. So we came up with the idea of BALANCE a self-stabilizing platform. This 

platform’s main target is to balance out the movement when an ambulance car is moving. 

By this project we are trying to provide a better health care for patients transported by 

ambulance cars. It will reduce the movement by 30 – 40% and the roads obstacles will no 

longer be a reason for risking people’s lives. This project can be implemented not only in 

ambulance cars but also in ships, handicapped cars and transportation vehicles.   

 We achieved this goal of balancing movement on vehicles by searching and 

looking for other similar projects that carry the same concept. We did gather a lot of 

information and opinions through surveys to know how to make this project suitable for 

use. We started with the idea of creating a self-stabilizing bed but when we thought about 

making it commercially beneficial it is much more flexible to make the platform in the 

car and any stretcher can be attached to it. So, instead of implementing this project to 

hundreds of beds it is easier to implement it to tens of cars.  
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Chapter 1: Introduction  
 
 We started this project with a goal of creating a device that will help the society 

and will be commercially beneficial. So, we came up with the idea of creating a self-

stabilizing bed for ambulance cars to make sure that the patient carried will not feel any 

obstacle on the road. However, while we were searching for similar projects we noticed 

that if we create a self-stabilizing platform of the car it will be more efficient and 

commercially more convenient.  

This chapter will introduce the self-stabilizing platform, which will be our 

capstone project at the American University of Kuwait (AUK). The contents of this 

chapter will be the problem statement, solution, idea of development, goals, objectives, 

and SWOT plan respectively.  

1.1 Problem 
 
 We targeted with our project the problem that is faced in ambulance cars, which 

are the road obstacles and the movement of the car. This issue develops a risk on the 

patient and the medical state he is in after accidents or any risky health situation.  

1.2 Solution 
 
 As a result of our study and research we agreed that the best way to tackle this 

problem is by creating a self-stabilizing platform, that will be implemented in the 

ambulance and any bed can be used on it. It will react to the movement of the car and 

reduce the impact of movement by 30-40%. Working on the platform instead of the bed 

is more convenient and commercial profitable.  
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1.3 Idea of development 
 
 The idea was first developed with one of the group members mentioning the self-

stabilizing concept and we found it interesting. Then, we started to look for ideas that 

work on that concept. We started by agreeing on the self-stabilizing bed to be our project. 

With further studies, we noticed that working on the platform would be more efficient 

and beneficial. So, we agreed to work on the platform as the self-stabilizer to make it 

successful commercially.  

1.4 Goals  
 
 Our goal from this project is to reduce movement and impact on the ambulance 

bed and by that on the patient. We want to reduce the effect of impact by at least 30%. 

Also, the fact that we will work on the ambulance itself makes it more appealing to the 

customers, because if we choose beds instead it means that we have to implement this 

idea to hundreds and maybe thousands of beds.  While working on the platform itself 

means it can be implemented on tens of ambulance cars. We achieved our goal with 

minimal effects on the car weight since it will affect fuel consumption and car cost [1].  

1.5 Objectives 
 
The objectives that we want to learn at the end of this capstone experience are:  

1. To combine the mechanical knowledge with the electrical and computer 

courses.   

2. To have more knowledge about connections and how to use the gyroscope sensor.  

3. Choose components with lower power consumption by studying and using 

mathematical equations. 

4. Reducing the movement of the bed in an ambulance car by 30 – 40%.  
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5. To establish the power supply to each electronic component.  

6.  Design a car and road obstacles to demonstrate the project.  

1.6 SWOT Analysis 
 
 SWOT analysis is used to know the strength, weaknesses, opportunities, and 

threats that the team may face during working process. The following table shows the 

project’s SWOT analysis.  

Table 1.1: Project SWOT Analysis 
Strength  Weakness  

• Reduce risk on patient and health 
complications. 

• Easy to implement to ambulance cars more 
than to beds if we see it from the quantity 
wise. 

• Could be used in any other car not only 
ambulance. 

• Used for disabled also.  
• Improves the health care sector in Kuwait.  
• Faster transportation to hospitals without 

worrying about the injured person.  
 

• Lack of information on the project’s concept.  
• The cost of manufacturing and components. 
• Needs time and effort.  

• Failure of components. 
• Not fully reducing the movement.  

Opportunities  Threats  
• It can be developed more in the future to 

make it more stabilized.  
• Strength our skills with diverse 

knowledge such as mechanical, 
  electrical, electronics and computers.    

• Developed great teamwork skills under 
pressure.  

• More features can be added to the 
project. 

•  Could be sold to car companies.  

• Exceeding budget if components fail.  
• Prototype might not reach the wanted result 

of stabilizing.  
• Some of the components are not available in 

Kuwait.  
 

 

The next table is showing the SWOT analysis for the team.  
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Table 1.2: Team SWOT Analysis 
 

Strength  Weakness  
• Meetings were set in university 

hours and weekends.  
• Our team consists of two Electrical 

Engineering students and two 
Computer Engineering students.  

• Good communication skills.  
• We previously worked on several 

projects.  

• Using new components.  
• Challenges with the design.  
• Challenges with the software code.  
• Lack of experience in big projects. 
• Several projects in one term.   

 

Opportunities  Threats  
• Participating in international 

conferences.  
• Create our own company.  
• It gives an opportunity to get a 

scholarship from a well-known 
university for graduate studies.  

• Finding time that is suitable for 
everyone.  

• Other projects in the same course.  
• Prototyping might not give the 

desired results.  
• Component damaged while testing.  
• Stressing under pressure.  

 

1.6 Conclusion 
 
 We have introduced our project in this chapter and described in details the 

problem that we are focusing on. We gave the solution and explained our plan that lead 

us achieve that goal by the end of this project. What we will mention in the coming 

chapters are what projects are similar to ours and how our project is different from them. 

We will also mention all the details of design and implementation of our project and what 

each member does.  
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Chapter 2: Literature Review 
 
 This chapter will be about all similar projects and researches that are related to 

our project. Some of these projects are already in the market and introduced to costumers. 

The others are graduation prototypes of engineering students in their final year. We will 

compare in this chapter the differences and similarities of these projects with our project 

and will discuss the design and implementation of these projects. All of the projects 

mentioned in this chapter are related to our self-stabilizing platform.  

2.1 Surveyed Projects:  
 
The projects that we will survey in this chapter are listed below: 

2.1.1 Arduino based self-stabilizing platform 
 
 The idea of the project is about balancing the plate that is connected to the 

servomotor during the rotation of the project. They try to stabilize the plate using the 

degree of rotation that gyroscope sensor provides, and program the microcontroller to 

send signals with the opposite degree of rotation to the servo motor [2]. The image below 

shows the circuit that they created for their project that contains a gyroscope sensor, 

which is similar to our project.  

 

 

 

 

 

 

 
 

Figure 2.1: self-stabilizing platform[2]. 
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2.1.1.1 Sensors:  
 

1- MPU6050: MPU6050 is a MEMS Sensor with an accelerometer and gyroscope 

sensor in a single chip. It is very accurate and has an internal 16-bit ADC for each 

channel. And the sensors interface easily to Arduino using I2C protocol. 

 

 

 

 

 

 

figure 2.2: MEMS Sensor. 

2- Adafruit 10-dof IMU: This inertial-measurement-unit combines 3 of the best 

quality sensors available on the market to give 11 axes of data: 3 axes of 

accelerometer data, 3 axes gyroscopic, 3 axes magnetic (compass), barometric 

pressure/altitude and temperature. Adafruit tested many different 'combination' 

sensors and found these were the best value, with stable and reliable readings. 

 

 

 

 

 

 

 

Figure 2.3: Adafruit 10-dof IMU. 
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2.1.2 SELF STABILIZING PLATFORM  
 

This paper presents a development of self-balancing platform mechanism using 

ATMEGA microcontroller. The platform has been designed using stabilizing mechanism 

including inertial measurement unit (IMU) and two servos and controlled by an open 

source microcontroller. In this project the ATMEGA328 microcontroller, servos, and a 

two-degree of freedom (axis) accelerometer have been used to create the controlled 

platform. The controller has been designed to maintain the platform at an initially 

selected angle when the support structure orientation changes. The software has been 

written with logic to convert the digital data from the accelerometer to an acceleration 

magnitude vector. The magnitude is then compared to a predetermined mathematical 

function to infer the angle of tilt of the platform. The angle of tilt is then converted to 

angle of rotation for the servos to act on [3]. The following image is for their project and 

it shows a platform that is tilted due to the change in the angle with the ground.  

 

 

 

 

 

 

 

Figure 2.4: self-stabilizing platform [3]. 
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2.1.2.1 Microcontroller:  
 

1- ATMEGA-328P 

  This high-performance Microchip microcontroller combines 32KB ISP flash 

memory with read-while-write capabilities. It also has a 32 general-purpose working 

register and 23 input/output lines. Moreover, there are three flexible timer/counters with 

compare modes, internal and external interrupts, serial programmable USART. There is a 

byte-oriented 2-wire serial interface, SPI serial ports, a 6 channel 10-bit A/D converter 

but there are 8-channels in TQFP and QFN/MLF packages, programmable watchdog 

timer with internal oscillator, and five software selectable power saving modes. The 

device operates between 1.8-5.5 volts. 

 

 

 

 

Figure 2.5: ATMEGA -328P microcontroller. 

2- ATmega2560. 

This microcontroller has a high-performance, low-power Microchip 8-bit AVR RISC-

based combining 256KB ISP flash memory, 8KB SRAM, 4KB EEPROM, 86 general 

purpose I/O lines, 32 general purpose working registers, real time counter, six flexible 

timer/counters with compare modes, PWM, 4 USARTs, byte oriented 2-wire serial 

interface, 16-channel 10-bit A/D converter, and a JTAG interface for on-chip debugging. 

The device achieves a throughput of 16 MIPS at 16 MHz and operates between 4.5 and 

5.5 volt. 
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Figure 2.5: ATMEGA 2560 microcontroller. 

2.1.3 Self-Balancing Platform 

Self-balancing platform proposed by this paper can add to the quality of service to 

the patient on-board the ambulance as mentioned, they have the same target but they did 

it on a smaller scale. The purpose of their platform is to attach it to the stretcher of an 

ambulance car unlike us we are planning to place it in the car itself and any stretcher can 

be placed on it. They want the patients and any users to feel comfortable while being 

transported.  

In addition to the scenario above, the proposed platform can also be effectively 

used to avoid the seasickness in ships similar to us can have many uses. Moving ships 

experience pitch, roll and yaw rotations on the sea surface, which leads to seasickness to 

people on-board. The platform will be able to compensate for pitch and yaw rotations of 

the ship and hence reduce the chances of seasickness up to a great extent to the user [4]. 

Their project can compensate for pitch and yaw but our project focuses on the motion on 

pitch and roll only.  
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2.1.3.1Actuators: 
 

1- Hitec HS-422 Specifications: 

1- Speed (sec/60o): 0.16 

2- Torque (Kg-cm/Oz-in): 4.1/57 

3- Size (mm): 41 x 20 x 37 

4- Gear Train: Plastic. 

5- Voltage: 5v. 

6- Weight (g/oz): 45.5/1.6 

 

 

 

 

 

 

 

	
	

Figure 2.6: Hitec HS-422 

2- Tgy-50090 Servo motor Specifications: 

1- Weight: 14g 

2- Size: 23.1mmx12.0mmx25.9mm 

3- Torque: 1.6kg.cm (4.8v)2 kg.cm (6.0v) 

4- Speed: 0.08 sec/60deg (4.8v)0.07 sec/deg (6.0v)  

5- Voltage: 4.8-6.0v 

6- Type: Analog Micro 

7- Gear Train: Metal  
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Figure 2.8: The structure. 

 
 
 
 
 
 
 

 

 

 

 

 

Figure 2.9: The platform stabilizer [4]. 

Figure 2.7: Servo Motor 
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2.1.4 MECHATRONIC DESIGN OF A BALL ON PLATE BALANCING SYSTEM  

 This paper is about the conception and development of a ball-on-plate balancing 

system based on mechatronic design principles. Realization of the design is achieved 

with the simultaneous consideration towards constraints like cost, performance, 

functionality, extendibility, and educational merit. A complete dynamic system 

investigation for the ball-on-plate system is presented in this paper. This includes 

hardware design, sensor and actuator selection, system modeling, parameter 

identification, controller design and experimental testing. The system was designed and 

built by students as part of the course Mechatronics System Design at Rensselaer [5]. 

 

Figure 2.10: Balancing plate [5]. 
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2.1.4.1 Actuators: 
 

Linear Actuators: Two linear actuators connected to two corners on the base of 

the plate that is supported by a ball and socket joint in the center, thus providing the two 

necessary degrees of motion: very expensive 

2.1.4.2 Sensors: 
 

Gimbal Ring: Mount the plate on a gimbal ring. One motor turns the gimbal 

providing one degree of rotation; the other motor turns the plate relative to the ring thus 

providing a second degree of rotation: a non-symmetric set-up because one motor has to 

move the entire gimbal along with the plate thus experiencing a much higher load inertia 

as compared to the other motor 

2.1.5 Ball Balancing PID Controller  
 

 PID (proportional–integral–derivative) controllers are used for balancing ball 

beam. What is new in this project is the real-time plot of the system response through 

MATLAB, which determines the stability state of the system clearly [6]. 

 

Figure 2.11: Stabilizing the ball platform [6]. 
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Figure 2.12: Stabilizing the ball platform [6]. 

2.1.5.1 Hardware:  
 

1- Special wood frame for holding the project components.  

2- Acrylic Beam to balance the ball. 

 

 

 

 

 

 

Figure 2.13: Stabilizing the ball platform[6]. 

2.1.5.2 Actuators:  
 

1- Stepper motor with 20Kg/cm Torque. 

Stepper motor is more accurate for rotation motion, but it's very heavy in 

comparing to servomotors.   Its also more expensive. 
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Figure 2.14: Stepper motor used[6]. 

2.1.6 Platform Balanced and Controlled by Team Vidyut  

Basically, self-balancing platform consists of platform, which is balanced by 

movement of three motors in opposite direction to the movement of the platform. 

Arduino Mega process the tilt angles obtained from IMU and give instruction to the 

respective servo motors to rotate by certain angle depending on its previous position to 

balance or control the platform. IMU consists of ADXL345 Accelerometer and ITG3200 

Gyroscope whose outputs are calibrated properly by using FILTER to give the precise 

angle. This angle is sent to PID or DCM algorithm, which measures the error i.e. how far 

the current position of platform is from the desired set point (balancing point). The 

algorithm attempts to minimize the error by adjusting the process control inputs [7].  

The inertial sensors used are:  

•  ADXL345 Accelerometer  

•  ITG3200 Gyroscope  

An accelerometer measures the acceleration in specific directions. We can 

measure the direction of gravity w.r.t the accelerometer and get the tilt angle w.r.t the 

vertical. It is free from drifts and other errors. The angle of tilt can be measured from the 

acceleration along x- direction as follows:  
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Ax = g sin θ (θ is the angle w.r.t vertical) 

Az = g cos θ (Ax, Az are accelerations in x and z directions)  

 

 

 

 

 

 

 

 

 

 

Figure 2.15: Aluminum motor holder[7]. 

	

	
Figure 2.16: Final prototype[7]. 
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2.2 Comparative Analysis:  

 All the projects mentioned in the previous part are in table 2.1 and we will 

compare all the differences and similarities between our project and the mentioned 

projects. Since our project is a self-stabilizing platform most of the components in these 

projects are the same but there were with some differences.  

Table 2.1: Comparison Table. 

 
The comparison between the projects was made to compare the components used 

in each project and what is different and similar between our project and other similar 

ones. We made sure to choose a combination of components that will make our project 

more efficient than other projects made before.  

Comparison Microcontroller Sensors Actuators Hardware Power Aprox. 
cost 

Project 1 Arduino Uno MPU 6050 Micro MG90 
servo motor Breadboard PC USB 50 KD 

Project 2 
Arduino Uno 
(ATMEGA 

-328P) 
ADXL-345 Micro servo 

motor Special cases PC USB 75KD 

Project 3 Arduino Uno 

Sensor Hub 
Booster Pack: 

Accelerometer and 
Gyroscope 

Standard Dual 
Ball Bearing 
Servo (Hitec 

HS-422) 

Servo 
Mounts PC USB 150KD 

Project 4 Arduino Uno Gimbal ring Linear 
actuators 

Spatial 
linkage 

mechanism 

Power Supply 
12V. 500KD 

Project 5 Arduino Uno 
Ultrasonic Sensor 
for calculating the 

distance. 
Stepper motor 

Special wood 
and acrylic 

design 

DC 12v 
Battery 200KD 

Project 6  Arduino Mega  

ADXL345 
Accelerometer 

ITG3200 
Gyroscope  

 

DC Servo 
motors  

Aluminums 
brackets  
Acrylic 
platform 

Lead-acid 
rechargeable 

battery 
6V  

200KD 

OUR 
PROJECT Arduino Mega  

Adafruit 10-dof 
IMU 

Gyroscope  

Tgy-50090 
Servo Motor Car kit Lipo Battery 

11.1V 550KD 
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2.3 Conclusion:  

 In this chapter, we gave examples of projects that have the same concept of 

platform stabilizing. We did introduce the projects and the way they were implemented. 

Then we compared the components and noted the similarities and the differences between 

them. We also gathered information from these projects to make sure that we will have a 

better stabilizing platform than the previous ones made.  
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Chapter 3: Design and Analysis 

This chapter will explain the system architecture and the flow chart of the project. 

We will also include a diagram for the control system for our project BALANCE. All the 

components used and implemented in our project will be explained in this chapter 

followed by the reasons for choosing them.  

3.1 System architecture: 

The system architecture for our project BALANCE is shown in the diagram below. It 

shows all the components used in our project and how they are all connected together to 

give the desired outcome. The system starts by reading the angle by the gyroscope sensor 

through to servo-motors and in which axes they are moving on.  

Figure 3.1: System Architecture of BALANCE. 

It starts by switching on the system by connecting it to a battery and the voltage 

regulator will decrease the voltage given form the battery. Then the gyroscope will read 

the angle of the platform that it is attached to. After that the readings from the sensor are 

sent to the Arduino and it will move the servo motors to set the X-Axis and the Y-Axis to 
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angle zero that makes it horizontal with the ground. There is also a voltage regulator 

between the battery and the servo-motors to control the voltage.  

3.2 Microcontrollers: 

Microcontroller is a small computer on a single integrated circuit it’s measured by 

(MCU or UC for µ-controller) and microcontrollers is containing one or more CPUs 

analog with memory and programmable input/output peripherals. There are many uses of 

microcontrollers such as in automatically controlled products and devices, implantable 

medical devices, remote controls, office machines, power tool, appliance, toys and other 

embedded systems. 

 

 

 

 

Figure 3.2: Microcontroller. 

 

In our project, we adopted on Arduino UNO and NANO, some uses of 

microcontrollers in Arduino Nano that’s designed by Arduino.cc and its Atmega328. It is 

used widely because of its small size and flexibility. The following are some of its basic 

features: 

• It has input/output pins in total. 

• 14 of these pins are digital pins. 

• Arduino Nano has 8 analog pins. 

• It has 6 PWM pins among the digital pins. 

• It has a crystal oscillator of 16Mhz. 
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• Its operating voltage varies from 5v to 12v. 

• It's also supports different ways of communication, which are: serial protocol; 

12c protocol; SPI protocol. 

• It also has a mini USB pin that’s used to upload code, and there is a reset button 

on it. 

3.2.1 Arduino family: 
 

1. The UNO: it's often used as prototyping board with the final product built it a 

smaller Arduino or around an Atmega328 microcontroller chip. 

2. The Mega: is based the Atmega2560 microcontroller and it has 256kilobytes of 

flash memory to support much larger programs than Uno can, and its used for 

many is as the heart of a3D printer, and it has a lot of I/O pins or more serial 

communications capabilities [8]. 

 

       Figure 3.3: Arduino Mega. 

3. The Micro: has 20 digital I/O pins of wood 7 can be used for pulse-width 

modulation and 12 can be used as analog inputs. 

 

 

 

 

 

Figure 3.4: Arduino Micro. 
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4. The Gemma: It has a processor of ATtiny85 and it is used with wearable 

computing products and built a circular circuit board with 6 large external pads. 

The CPU speed of the Gemma Arduino is 8MHz.  

 

 

 

 

Figure 3.5: Arduino Gemma. 

3.2.2 Arduino UNO 
 

Is a very valuable addition in the electronics that consists of USB interface,14 

digital I/O pins,6 analog pins and Atmega328 microcontroller and its supports serial 

communication, and Arduino UNO board are like other board in Arduino family, 

UNO board don’t come with FTDI USB to serial driver chip. 

 

 

 

 

 

 

Figure 3.6: Arduino UNO. 

 

Applications of Arduino UNO: 

• Embedded system. 

• Security and defense system. 

• Digital electronics and robotics. 
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• Parking lot counter. 

• Weighing machines. 

• Traffic count down timer 

• Medical instrument. 

• Emergency light for rail ways. 

• Industrial automation. 

• Home automation. 

3.2.3 Arduino NANO 
 

 Arduino Nano is a small, flexible, compatible and bread board microcontroller 

board, based on (Atmega328 or Atmega168) and the microcontroller that used in 

Arduino Nano is Atmega328 and it the same on in Arduino Uno and its programmed 

by Arduino software called (IDE)and Arduino board software is equally compatible 

with (windows, Linux or MAG). 

 

 

 

 

 

 

Figure 3.7: Arduino NANO. 

Memory in Arduino Nano it used for different purpose: 

Flash memory is (32kb or 16 kb) that’s depends on the Atmega board, and it has 

preinstalled boot loaded on it which rakes flash memory of 2kb, SRAM memory of 

this microcontroller board is 8kb,and it has an EEPROM memory of 1kb.  
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Table 3.1: Comparing Arduino devices. 
 

Arduino  Features  Selected  

Arduino Mega  Atmega2560 microcontroller and it has 

256 kilobytes of flash memory 

Yes  

Arduino Micro  20 digital I/O pins of wood 7 for pulse-

width modulation and 12 as analog 

inputs 

No  

Arduino Gemma  Processor of ATtiny85, CPU speed of 

the Gemma Arduino is 8MHz.  

No  

Arduino Uno  USB interface, 14 digital I/O pins,6 

analog pins and Atmega328 

microcontroller 

Yes  

Arduino Nano  small, flexible, compatible and bread 

board microcontroller board, based on 

(Atmega328 or Atmega168) 

No  

3.2.4 Selected Microcontroller  
	

Initially we wanted to use Arduino Nano but when we did the comparison 

between them we decided to use Mega. The reason is that the processor of Mega is 

stronger than the Nano.  

3.3 Actuators:  

3.3.1 Brushless DC Motor 
 

Brushless DC motors are common in industrial applications around the world, 

there are brushed and brushless motors and there are DC and AC motors. Brushless 

DC motors, as you may imagine, do not contain brushes and use a DC current. 
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Brushless DC motor has a high power to weight ratio, high speed, and electronic 

control. Brushless motors find applications in such places as computer peripherals 

(disk drives, printers), hand-held power tools, and vehicles ranging from model 

aircraft to automobiles. 

 

Figure 3.8: Brushless DC Motor. 

How does a Brushless DC motor work? 

First, I will talk about the permanent magnets, which are stationary on the outside, 

are called the stator. The armature, which rotates and contains an electromagnet, is 

called the rotor. A brushless DC motor is essentially flipped inside out, eliminating the 

need for brushes to flip the electromagnetic field, the permanent magnets are on the 

rotor, and the electromagnets are on the stator. A computer then charges the 

electromagnets in the stator to rotate the rotor a full 360-degrees. It's used in modern 

devices where low noise and low heat are required, especially in devices that run 

continuously [9]. 

3.3.2 Servo Motor 
 

Servomotors are combination of specific part that does include a DC or AC motor 

and it can be used it in a closed-loop control. 

The servo motor is a closed-loop servomechanism that uses position feedback in 

order to control its rotational speed and positioning and servo motor is a rotary 
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actuator or motor that allows for a precise control in terms of angular position, 

acceleration and velocity, capabilities that a regular motor does not have. It makes use 

of a regular motor and pairs it with a sensor for position feedback. The controller is the 

most sophisticated part of the servomotor, as it is specifically designed for the purpose 

[9]. 

The estimate specifications for the car kit [8]: 

Voltage: 4.8v / 6v 

Speed: 0.20sec/60deg (4.8v) - 0.16sec/60deg (6v) 

Torque: 9.4kg.cm (4.8v) - 11kg.cm (6v) 

Gear Material: Metal 

Gear Type: Digital 

Motor: Brushless 

Dimension: 40.7*19.7*42.9mm  

Temperature range: 0_ 55  

Servo Plug: JR (Fits JR and Futaba) 

Spline Count: 25 5-2 Servo Motor (180º) 

 

 

 

 

 

 

 

Figure 3.9: Servo Motor. 
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3.3.3 Selected Motor  
	

The reason behind choosing servomotor for our project is that it is fast and it suits 

the requirements of our project as mentioned in its features above. The servomotor is 

crucial in our design, as it will carry the self-stabilizing platform.  

3.4 Hardware: 

3.4.1 Car kit specification 
 

The Car kit that we want to use is similar to the car shown in figure 3.9 but 

bigger. In our project, we need a medium size car kit with original metal chassis to 

hold the servos and the balancing plate.  

 

 

 

 

 

Figure 3.10: Car kit example. 

As shown in the figure below the car has brushless dc motor for driving. And it 

also contains a place to install the battery and the electronic components.  

 

 

 

 

 

 

 
Figure 3.11: Car kit brushless DC motor. 
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The estimated specifications for the car kit: 

Length: 530mm 

Width: 290mm 

Height: 180mm 

Wheelbase: 325mm 

Gear Ratio: 8.3:1 

Tire size: 95x40mm 

Hex Hub Size: 12mm 

Battery Tray Dimensions: 142x46x24mm (MAX battery size) 

Motor: 3652 3250kV Hobbywing Brushless 

ESC: 50A Hobbywing Brushless ESC with XT60 Connector 

 

 

3.4.2 RC Module 
	

Radio control is the use of radio signal   to remotely control a device. Radio 

control is used for control of model vehicles from a hand-held radio transmitter. RC toys 

generally have simplified circuits, often with the receiver and servos incorporated into 

one circuit. It's almost impossible to take that particular toy circuit and transplant it into 

other RCs. RC electronics have three essential elements. The transmitter is the controller. 

Transmitters have control sticks, triggers, switches, and dials at the user's finger tips. The 

receiver is mounted in the model. It receives and processes the signal from the 

transmitter, translating it into signals that are sent to the servos and speed controller. The 

number of servos in a model determines the number of channels the radio must provide. 
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3.4.3 Selected Car  
	
 We did buy a ready car that has the size we are looking for and it has a remote 

control that allows us to control it will demonstrating. It is exactly similar to the car 

mentioned in section 3.4.1.  

 

 

 

 

 
	
	

 

Figure 3.12: RC Module. 

3.5 Sensors: 

3.5.1 Gyroscope sensor: 
 

Gyroscope is one of the most popular sensors in today's smartphones. It comes 

second after the accelerometer sensor. The function of gyroscope sensor is to measure 

rotational velocity along the Roll, Pitch and Yaw axes. It depends on the property of 

rotating mass as illustrated in the following schematic drawing of the classical 

mechanical gyroscope. 

 

 

 

 

Figure 3.13: Schematic Drawing of mechanical gyroscope. 

Gyroscope is a device used for measuring or maintaining orientation and angular 

velocity. The way it functions is as a spinning wheel or disc in which the axis of rotation 
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is free to assume any orientation by itself. When it rotates, the orientation of this axis is 

unaffected by tilting or rotation of the mounting, according to the conservation of angular 

momentum. Gyroscopes based on other operating principles also exist in electronic 

devices, solid-state ring lasers, fiber optic gyroscopes, and the extremely 

sensitive quantum gyroscope [10]. 

3.5.2 Accelerometer 
 

An accelerometer is a device that measures the gravitational acceleration of a 

device that it is installed in, and used to measure acceleration, tilt and vibration in 

numerous devices. Also, it is used in mobile phones to determine the phone's orientation. 

Once the orientation is determined, the phone's software can react accordingly, such as by 

changing its display from portrait to landscape. 

 

 

 
 
 

 

 

Figure 3.14: Accelerometer. 

	
Accelerometer is able to detect acceleration through a micro-electromechanical 

system (MEMS), which changes electrical properties such as voltage. These changes are 

translated into signals, which are sent to the appropriate software for processing [11]. 
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Some applications for accelerometers: 

• Monitoring devices in biology, engineering cars, industry, volcanology and more. 

• Guidance devices in for telemetry in rocketry. 

• Image orientation in smartphones. 

• Input in smartphones, tablets and game controllers. 

A typical mobile device has an accelerometer that can detect acceleration on two or 

three axes, allowing it to sense motion and orientation. A three-dimensional 

accelerometer can calculate pitch and roll and can be used in flight or driving simulation 

applications. This function gives this component a significant role in our project to know 

the motion of the car.   

3.5.3 Magnetic sensor 
 

Magnetic sensors have the functionality of detecting changes and disturbances in 

a magnetic field like flux, strength and direction. Magnetic sensors are divided into two 

groups, those that measure the complete magnetic field, while the other measure vector 

components of the field.  

The vector components are the individual points of the magnetic field that 

surrounds an electric current. The field can be detected by its force or by interaction on 

electrical charges, magnets and magnetic products. Most magnetic sensors are used for 

measurement in industrial processes, navigational tools, and scientific measuring. 

There are several types of technologies used to make a magnetic sensor work. For 

example, we have Fluxgate, Hall effect, magneto resistive, magneto inductive, proton 
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precession, optical pump, nuclear precession, and SQUID (superconducting quantum 

interference devices). Each one of these technologies has a different approach to using 

magnetic sensors. As we develop the project we will be more precise with what 

technology we will be using [12].  

 

 

 

 

 

3.5.4 Adafruit 10 Dof IMU: 
 

This inertial-measurement-unit combines 3 of the best quality sensors 

available on the market to give us 11 axes of data: 3 axes of accelerometer data, 3 

axes gyroscopic, 3 axes magnetic (compass), barometric pressure/altitude and 

temperature. We did research on many different 'combination' sensors and found these 

were the best value, with stable and reliable readings [13]. 

 

 

 

 

 

Figure 3.16: UMI. 

• L3GD20H 3-axis gyroscope: ±250, ±500, or ±2000 degree-per-second scale. 

• LSM303 3-axis compass: ±1.3 to ±8.1 gauss magnetic field scale. 

Figure 3.15: Magnetic Sensor. 
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• LSM303 3-axis accelerometer: ±2g/±4g/±8g/±16g selectable scale. 

• BMP180 barometric pressure/temperature: -40 to 85 °C, 300 - 1100hPa 

range, 0.17m resolution. 

3.5.5 Selected Sensor  

 The chosen sensor for our project is the Adafruit 10 Dof IMU as it combines 

three important sensors. The sensors are gyroscope, accelerometer and magnetic 

sensor, which makes the reading of the angle more accurate and precise. 3.6	 Power	

Supply: 

3.6.1 Lithium Polymer Batteries 
 

The voltage of a LiPo cell depends on its chemistry and varies from about 2.7-3.0 

V (discharged) to about 4.2 V (fully charged), for cells based on lithium-metal-oxides 

(such as LiCoO2), and around 1.8-2.0 V (discharged) to 3.6-3.8 V (charged) for those 

based on lithium-iron-phosphate (LiFePO4) 

The exact voltage ratings should be specified in product data sheets, with the 

understanding that the cells should be protected by an electronic circuit that won't 

allow them to overcharge nor over-discharge under use [14]. 

 

 

 

 

 

Figure 3.17: Lithium Polymer Battery. 
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3.6.2 Cell Voltage 
 

The number of cells in series specifies Lipo battery voltage. Each cell has a 

nominal voltage 3.7 V. Different battery companies mark their Lipo batteries 

differently. The speed of our motors is proportional to the voltage we supply to them, 

which makes higher voltage batteries more capable of turning motors faster than lower 

voltage batteries. The voltage of our battery will determine the type of ESC’s and 

types of motors we need to use in this project. 

3.6.3 LiPo Batteries Parameters   

 

 

 

 

 

Figure 3.18: LiPo Battery with Parameters. 

 

3.6.3.1 Cell Configuration 
	

A cell which can be considered a battery itself, can hold a nominal voltage of 

3.7V, and by connecting more of these in series, the voltage can increase to 7.4V for 

a 2-cell battery. That means 11.1V for a 3-cell battery and so on, and having a higher 

voltage means the battery can provide more power to drive bigger motors, however 

more power does not necessarily mean the battery will provide energy for longer 

time, that is defined by the battery capacity. 
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3.6.3.2 Battery Voltage 
A Lipo cell has a nominal voltage of 3.7V, and a Lipo cell = 1 cell = 1S = 3.7V. 

For the 14.8V battery above, there are four cells of 3.7V and they are added together. 

When we select Lipo battery, we need to know our motor of RC model, because the 

higher voltage is, the higher the power (P) of the motor is. The formula below shows 

the relation:  

P=U*I 

The power is P, voltage is U and the current is I. The power has an impact on the 

RPM of the motor that meaning the speed of the motor. So, in racing, pilots need the 

batteries to be with high voltage to meet the needs of their RC model to get a high 

burst. For this reason, we are going to use several batteries to have a higher burst from 

our motors.   

3.6.3.3 Battery Capacity 
	

The capacity of a Lipo battery is 1300mAh, and we know that the capacity is used 

to measure how much power a battery can hold. The unit of capacity is milliamp hours 

(mAh), which means 1300mAh can be put on the battery to discharge it in 

one hour. Milliamp also can be converted to amps (A), and the following is the 

equation for conversion:  

1300mAh=1.3 Amp Hour(1Ah) 

3.6.3.4 Discharge Rating 
	

Discharge Rate is how fast a battery can be discharged safely and it is called the C 

rating. A battery with a discharging rate of 30C, that means you could safely draw it at 

the 30 times more than the capacity of the pack, a 10C pack = 10 times more, a 20C 
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pack = 20C times more and so on. As shown in figure 3.18 of the LiPo battery, we can 

discharge at 95 times more than 1300mAh. The following equation shows how this 

happens: 

 

95C=95xCapacity(inAmps)=95*1300mAh=123500mAh=123.5Ah 

From the calculations above, the battery is drawn at 123.5Ah, so this battery pack will 

be out in 0.63 minutes. This is calculated through dividing battery capacity over the 

amps drawn from the battery then multiplied by 60-minutes/1 hour to get the result in 

minutes.  

3.6.4 Estimated LiPo Parameters 

 
 
Minimum Capacity: 4000mAh 

Configuration: 2S1P / 7.4V / 2Cell 

Constant Discharge: 30C 

Peak Discharge (10sec): 60C 

Pack Weight: 241g  

 

 

 

 

3.6.5 Selected Battery 

The chosen battery is Lipo battery as it will be capable of generating enough power to run 

the whole system with the help of voltage regulators.  

Pack Size: 135.5 x 45.5 x 22mm 

Charge Plug: JST-XH  

Discharge plug: HXT4mm 
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3.7 7-Segment Display 
	
We used a seven segment display on the platform to show at which angle the platform is.  

Table 3.2: Components table.  
Component Features Selected 

Brushless DC motor High power, speed and 

control. 

Yes 

Servo motor Precise control of angular 

position. 

Yes 

Car kit  Holds all components 

together to demonstrate.  

Yes  

Rc Module  To control the car remotely.  Yes  

Gyroscope sensor For measuring the angle and 

orientation.  

Yes  

Accelerometer  Sensor motion acceleration, 

tilt and vibration.  

No  

Magnetic sensor  Detecting changes and 

disturbances in a magnetic 

field.  

No  

Adafruit 10 Dof IMU  Combines 3 sensors 

(gyroscope, accelerometer 

and magnetic sensor) 

Yes  

Lipo battery  High voltage supply  Yes  

7-Segment display  Displays the angle to the 

user.  

Yes  
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3.8 System Configurations: 
 
There are two major configurations of control systems: 

3.8.1: Open-Loop Systems 

 

Figure 3.19: Open loop system. 

The distinguishing characteristic of an open-loop system is that it cannot compensate 

for any disturbances that add to the controller’s driving signal. The output of an open-

loop system is corrupted not only by signals that add to the controller’s commands but 

also by disturbances at the output [15].  

3.8.2: Closed-Loop (Feedback Control) Systems 
 

 

Figure 3.20: Closed loop system. 

The closed-loop system compensates for disturbances by measuring the output 

response, feeding that measurement back through a feedback path, and comparing that 

response to the input at the summing junction. If there is any difference between the two 

responses, the system drives the plant, via the actuating signal, to make a correction. If 
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there is no difference, the system does not drive the plant, since the plant’s response is 

already the desired response [15].  

§ Block diagram 
 

A subsystem is represented as a block with an input, an output, and a transfer 

function. Many systems are composed of multiple subsystems. When multiple 

subsystems are interconnected, a few more schematic elements must be added to the 

block diagram. These new elements are summing junctions and pickoff points. All 

component parts of a block diagram for a linear, time-invariant system. The characteristic 

of the summing junction is that the output signal, C(s), is the algebraic sum of the input 

signals, R1(s), R2(s), and R3(s). A pickoff point distributes the input signal, R(s), 

undiminished, to several output points.  

§ Stability 
 
          Stability is the most important system specification; the definition of stability 

implies that only the forced response remains as the natural response approaches zero. 

A system is stable if every bounded input yields a bounded output. A system is unstable 

if any bounded input yields an unbounded output. 

       Physically, an unstable system whose natural response grows without bound can 

cause damage to the system, to adjacent property, or to human life. Many times, systems 

are designed with limited stops to prevent total runaway. From the perspective of the time 

response plot of a physical system, instability is displayed by transients that grow without 

bound and, consequently, a total response that does not approach a steady-state value or 

other forced response. 
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3.8.3: Second Order System 
 

A second-order system exhibits a wide range of responses that must be analyzed 

and described. Whereas varying a first-order system’s parameter simply changes the 

speed of the response, changes in the parameters of a second-order system can change the 

form of the response. 

A second-order system can display characteristics much like a first-order system, or, 

depending on component values, display damped or pure oscillations for its transient 

response [15]. 

 

Figure 3.21: Second order systems. 
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3.8.4: Underdamped Second Order System 
 

The under damped second-order system, a common model for physical problems, 

displays unique behavior that must be itemized; a detailed description of the under 

damped response is necessary for both analysis and design. The objective is to define 

transient specifications associated with under damped responses, and we relate these 

specifications to the pole location, drawing an association between pole location and the 

form of the under damped second-order response. Finally, we tie the pole location to 

system parameters, thus closing the loop: Desired response generates required system 

components. 

 

.Figure 3.22: Underdamped Second order systems 
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3.8.5: Ideal integral compensation (PI)  
 
 

 

Figure 3.23: PI system. 

Steady-state error can be improved by placing an open-loop pole at the origin, 

because this increases the system type by one. For example, a Type 0 system responding 

to a step input with a finite error responds with zero error if the system type is increased 

by one. Active circuits can be used to place poles at the origin. Later in this chapter, we 

show how to build an integrator with active electronic circuits. 

A compensator with a pole at the origin and a zero close to the pole is called an ideal 

integral compensator [16]. 

3.8.6: Ideal Derivative Compensation (PD)  
 
 

 

 

 

 

 

 

 

 

Figure 3.24: PD system. 
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The transient response of a system can be selected by choosing an appropriate 

closed-loop pole location on the s-plane. If this point is on the root locus, then a simple 

gain adjustment is all that is required in order to meet the transient response specification. 

If the closed-loop pole location is not on the root locus, then the root locus must be 

reshaped so that the compensated (new) root locus goes through the selected closed-loop 

pole location. In order to accomplish the latter task, poles and zeros can be added in the 

forward path to produce a new open-loop function whose root locus goes through the 

design point on the s-plane. One way to speed up the original system that generally works 

is to add a single zero to the forward path [16]. 

 

3.8.7: PID Controller  
 

 

Figure 3.26: PID Controller. 

A PID 

controller transfer function is: 
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 One zero and the pole at the origin can be designed as the ideal integral 

compensator; the other zero can be designed as the ideal derivative compensator.  

The design technique consists of the following steps: 

1. Evaluate the performance of the uncompensated system to determine how much 

improvement in transient response is required. 

2. Design the PD controller to meet the transient response specifications. The design 

includes the zero location and the loop gain. 

3. Simulate the system to be sure all requirements have been met. 

4. Redesign if the simulation shows that requirements have not been met. 

5. Design the PI controller to yield the required steady-state error. 

6. Determine the gains, K1, K2, and K3. 

7. Simulate the system to be sure all requirements have been met. 

8. Redesign if simulation shows that requirements have not been met. 

PID control typically provides smooth control with minimal overshoot on 

corrective action. Although there are easier control methods like bang-bang, proportional 

(P), and Proportional-Derivative (PD), taking the extra time to factor in a smooth integral 

will be the best payoff for a smooth and efficient system [16].  

3.8.8: Selected Control System  
	
 Closed loop feedback control system is the one chosen for our project as we do 

have inputs from the sensor that goes back in the system and if there is any change the 

system will work to correct it. Otherwise there will be no change in the system if there is 

no error detected from the sensor like what is shown in the diagram below.  
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Figure 3.27: Control system diagram for BALANCE. 

3.9: Estimated budget  
 We did an estimated pricing of the components that we are planning to use in this 

project. The following table has only the ones we bought and sure of with their prices. 

Since we did not start implementing our project we cannot give an exact budget as it can 

be changed several times based on the trials that we are going to have through this 

project.  

Table 3.2: Table of components used in the project and their prices. 
 

No. Product Quantity  Price (KD) 

1 Arduino Mega  1 35.00 

2 Servomotors 10 30.00 

3 Connectors and accessories  -  50.00 

4 Sensors  1 4.00 

5 Car kit  1 200.00 

6 Carbon fiber platform  1 45.00  

7 Lipo Battery  1 37.00 

8 Battery charger  1 30.00 

Total (approx.) - 550 
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3.10 Control System: 

	 The	control	system	for	our	project	is	straightforward.	The	diagram	below	

will	show	how	Balance	works	from	power	on	to	adjusting	the	platform.	Once	the	

system	is	on	the	sensor	will	start	reading	the	angle	of	the	platform	for	both	X-axis	

and	Y-axis.	If	the	roll	and	pitch	are	equal	to	the	set	point	then	no	changes	are	made	

and	we	go	back	to	the	sensor	readings.	On	the	other	hand	if	the	readings	from	the	

sensor	are	not	equal	to	the	set	point	for	Y	and	X	the	system	will	measure	the	error	

between	the	current	angle	and	the	set	point.	After	that	the	motors	will	work	

accordingly	to	oppose	the	error	and	to	move	the	platform	to	its	balanced	state.		
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Figure 3.28: Control System Diagram. 

3.11 Conclusion:  

 In this chapter, we explained the system architecture and how it works. We also 

mentioned all the possible components that we used in the project. We compared between 

several components of the same group and chose the suitable one for us. We also added a 

specific part to this chapter for the configuration systems and mentioned several types of 

them and then decided to use PIDs since it is the most suitable for our project. At the end, 

we gave an approximate budget to what we have spent on our project since the beginning. 

We also gave a precise diagram of the control system of our project.  
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Chapter 4: Implementation 
 

           This chapter is about the implementation of our self-stabilizing platform, 

BALANCE. Every component in our project was tested to know the best way to use that 

component and its ability. We did implement two designs the first design consisted of 

four servomotors and after testing it we realized that it did not give us the required 

results. So, we came up with the second design that is our final design and it consists of 

two servomotors. All the hardware and software implementations are explained later in 

this chapter.  

4.1 Mechanical Implementation   

4.1.1 First Hardware Implementation 
	
          We started by getting a remote-controlled car and used four servomotors each at 

each angle. We also used five rods to connect the motors to the platform and the fifth one 

was to stabilize the platform and to give extra support to the four motors. It was attached 

to the middle of the platform where the gyroscope was placed.  

 

 

 

 

 

 

 

 

 

Figure 4.1 shows how the servomotors are placed in the car. 
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The purple pieces are holders that are 3D designed, that work as a base for the four 

servomotors. They were placed at the front and back of the car. All the drawings of the 

3D design are in the Appendix A.  

 

 

 

 

 

 

 

Figure 4.2: 3D Design servomotors holder the 1st implementation. 

	
We had two pieces of the holder seen above, one at each side to carry two servomotors. 

We attached the rods of the servomotors to the acrylic platform to visualize the way the 

car will look like as shown below. Then we placed the servomotors in their place and 

started with the connections.  

 

 

 

 

 

 

 

 

Figure 4.3: rods attached to the platform. 



	 62	

The platform was acrylic for the early designs and we had the carbon fiber platform for 

the final design. When we attached the platform, and started to work on the software we 

did the calculations needed for the PID system to get precise results. The final look of our 

first design is shown in the figure below. With the sensor being placed at the middle of 

the platform on top.  

 

 

 

 

 

 

 

 

Figure 4.4: the final look of our 1st attempt.  

4.1.2 First Software Implementation 

For the Arduino Mega connections, they are made as shown in figure 4.5. We 

attached a voltage regulator between the components and the Arduino to control the 

voltage input. We connected the four servomotors and the gyroscope sensor to the 

Arduino and the battery as well. The battery was connected to GND and 5V pins, while 

the servomotors were connected to the digital ports of the Arduino Mega. The connection 

from the gyroscope was through the communication ports of the Arduino as shown in the 

figure below.  
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Figure 4.5: Arduino Mega connections.  

     The software used for the Arduino to balance the platform must be very accurate and 

the calculations for the Kp, Ki and Kd were calculated precisely by testing to get our 

desired outcome. The language used is C++ and is attached in Appendix B and the 

microcontroller used is Arduino as shown and explained in previous chapters.  

4.1.3 Testing 1st design  

When we first started the implementation, we noticed that the platform was not stable and 

there was a lot of instability around the balance point. We calculated the Kd to have a 

more stable platform and to have a better response. The equations we used to calculate 

the Kd, Ki and Kp are mentioned in chapter 3 and we did get the following values for 

these variables.   

Kp=0.156 

Ki=0.03 

Kd=0.174 

Servomotors 
	

Gyroscope sensor  

Voltage regulators  
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4.1.4 Result of 1st Implementation  
	

As a result of our calculations, we did not reach a stable state even if we 

frequently changed the value of Kd to achieve maximum stability in the initial stable 

state. We also realized that there should be a supporting rod in the middle of the platform 

as it cannot stand based only on the rods of the servomotors so we did add a middle piece 

and a rod as shown in figure 4.4.  

After a lot of trials, we realized that with this design it is not possible to work with 

two axes. A lot of changes need to happen to the design and the software to make work 

for two axes. That made us design another way of placing the servomotors and we did not 

have enough time to change it before going to the URC conference in Dubai.  

 Moreover, after arriving to Dubai with our project we noticed that the middle rod 

was broken and bent from the flight and the servomotors did not work. We were the only 

team from AUK who were chosen to participate in the Live Demo category. We were 

fortunate enough as we did have a short video for our project while it was working right 

before the flight. That video was recorder for our own use but it did help us show the 

conference visitors what our project did. Figure 4.6 shows the visual damage that 

happened to our project after it was transported from Kuwait to Dubai. 

 Even when it looked like a major step back, it did give us a new start to 

implement a better design. We changed all the rods and replaced it with thicker rods to 

have more support and changed the servomotors with new ones as well.  
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Figure 4.6: damaged rods and servomotors. 

 

4.2.1 Second Hardware Implementation  
	
	 As a start, we made new 3D designs for the pieces that will hold the two 

servomotors that we implemented. One of the servomotors will be at the back of the car 

while the other one will be at the middle of the car and at the center of the platform. The 

figures below show the pieces designed to carry the servomotors and in Appendix C are 

the designs of these pieces. The reason behind changing the location is to make the 

project more efficient and based on recommendations from our professors and visitors at 

URC conference in Dubai.  
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Figure 4.7: servomotor holder (back of the car). 

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

Figure 4.8: servomotor holder (middle of the car). 
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We placed the servomotors in place and connected the rods to them. The next step was to 

place the pieces on the car and connect it to the Arduino.  

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.9: servomotors placed in pieces. 

The final look of the car is in figure 4.12 it shows how the pieces are connected to 

the car and the platform by the new rods that we got.   

 

 

 

 

 

 

 

 

 

 

 

Figure 4.10: Final design. 
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4.2.2 Second Software Implementation  
	

Attached in appendix D is the C++ Arduino code for the second design. The 

connections did change slightly from the first design. As the number of servomotors 

reduced, the connections reduced as well. The battery was connected to GND and 5V 

pins, while the servomotors were connected to the digital ports of the Arduino Mega pins 

3 and 4. The connection from the gyroscope was through the communication ports of the 

Arduino as shown in figure 4.11. The voltage regulator is attached at the end of the car 

where it regulates the voltage and act as a buffer to protect the components. 

	

 

 

 

 

 

 

 

 

 

 

Figure 4.11: Arduino connections. 
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Figure 4.12: voltage regulator. 

4.2.3 Testing 2nd design     
	
        We changed part of the software; instead of having four servomotors to control we 

now only have two motors. But now we have different PID values for each axis. We did 

our calculations and got the following values for the X-axis:  

KpX=0.156   KiX=0.03    KdX=0.180 

 

For the Y-axis we got the following values:  

KpY=0.156   KiY=0.022    KdY=0.19 

 

These values were set based on calculations and lots of trials until we got our desired 

results.  
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4.2.4 Results of 2nd Implementation  
	
        The results we got at the second design are more accurate that the first design. We 

did have movement on the Y-axis and the X-axis. Unlike the first design we were not 

able to control the system on two axes. The initial state of the platform is stable and when 

the car starts to tilt the respond of the platform is quick and accurate.  

        The reason behind adding a 7-segment display screen is to make it easier for the user 

to know the current angle of the platform and to know how long does the platform take to 

adjust.  

4.3 Battery  
 

Our Lipo battery is a 3-cell 3.7V battery, which is equal to 11.1V with a constant 

discharge of 50C. The capacity of our Lipo battery is 8400 mAh and it can be converted 

to 8.4 Ah. The discharge rate from the equation given in chapter 3 can be calculated as 

follows:  

50C x 8400mAh = 420000mAh = 420 Ah  

The battery is drawn at 420Ah so this battery pack will be out in: 

8400mAh/420000mAh = 0.02  

0.02 x 60 = 1.2 minutes  

4.4 Conclusion  
      In this chapter, we explained how we designed and implemented our hardware and 

software. We explained the connections of the components and how they were placed. 

Testing was made and results were mentioned. The struggles that we faced were 

mentioned and how we overcame them with the help of our professors. This chapter 

summarizes the process of creating BALANCE and shows clearly how it works. In 

addition, all the software code and the designs are attached in the appendices.  



	 71	

 

 

 

 

 

 

 

Chapter 5: Evaluation  
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Chapter 5: Project Impacts  
 
        The implementation of technologies has several impacts in our lives, in general. 

These impacts can be on the economic, business, and social perspectives. These impacts 

are explained more below.  

5.1: Economic Impacts 
 
           Self-stabilized platform that is used for ambulances can help in marketing 

purposes and building better services for patients provided by hospitals. It affects the 

economy negatively by raising the price when riding ambulances that have a self-

stabilized platform than using a normal ambulance. to build the platform, it needs 

components and coding to be implemented. These implementations are costly. On the 

other hand, although building a self-stabilized platform is costly, it is much cheaper than 

building a self-stabilized bed. Self-stabilized bed cost more components and it cost 

hospitals more money. For hospitals, instead of paying for hundreds of beds, hospitals 

can pay less by building the platform in ten or twenty ambulances. In this case, it effects 

positively hospitals’ economy by paying less and providing a little bit higher price 

service for their ambulances.  

5.2: Social Impacts 
 
          Today, our societies are increasingly dependent on technologies. Our job as 

engineers is to keep track of its development and keep our societies aware of the different 

usages. Engineering affects virtually every aspect of our societies as it engages a 

substantial set of the population’s views and understandings of engineers’ plans and 

designs. The list of impacts that effect our society is growing. As engineers, we aim to 

develop courses that contextualize human rights concepts and theories in any engineering 

practices. 
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         The social impacts show positive image with a great impact on the population is 

formed by the use of platform, especially in ambulance. The social impact of the platform 

in ambulance helps the system to grow through population support. For example, the 

platform will help to decrease the danger while transporting the patient. In this case the 

speed and road obstacle will not be consider as an issue. Which makes our project 

socially beneficial and it help many people, and will be noticeable. 

5.3: Engineering Ethics Impacts 
 
         The term “Engineering Ethics” is divided into two meaningful words; ‘Engineering’ 

and ‘Ethics’. Engineering is the process of developing an efficient mechanism, which 

quickens and eases the work with the use of technology. Ethics are the moral principles 

accepted by the society and are the basis of every human being’s lifestyle. When these 

terms are connected as used as one term, it stands for the study where ethics are 

implemented in engineering for the good of the society. It’s the study of decisions, 

policies and values that are morally desirable in any engineering practice or research. An 

engineer might face some issues while working individually or with a group. The issues 

could involve the design and testing department, or conceptualization of a product or 

issues involving the manufacturing, sales and services. Questions may even rise related to 

ethics and morality when working with a team.  

Looking at our project, questions that popped when designing and implementing are: 

• How safe our self-stabilizing platform is to use? 

• Does it deliver as promised? 

Dealing with issues: 

1- Moral Awareness: The analysis and recognition of a problem or issue. 
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       We realized that all ambulances are unstable; any bump on the road may affect the 

patient in the vehicle.  

2- Cogent Moral Reasoning: Assessing and comprehending arguments.  

       Arguments from the observation of the streets and roads that are somehow damaged 

and the importance of patients' opinion gave us the idea of a stabilizing platform. 

3- Moral Coherence: viewpoints upon facts. 

      The facts and information we take from paramedics, ambulance drivers and the IR 

department for the need of a self-stabilizing platform on an ambulance car. 

4- Moral Communication: words should be clear and precise in meaning when it comes 

to translating the ideas.  

      Before implementing our project, a clear report with a main thesis, objectives and 

deliverables are listed.   

5.4: Business Impact 
 
Clayton Christensen a professor of Harvard Business School did a study on why 

businesses fail and how business can flourish. The study showed a clear vision that 

technology shifts can radically change time-honored business principles. As technology 

continues to evolve, business owners and entrepreneurs must follow these new principles: 

• Technology Moves at an Exponential Pace: 

It was said that business owners must be rational and logical, but with technology the 

concepts changed. Today, entrepreneurs must think fast and quick to reach the speed of 

the development of technology. 

• Scale advantages has diminished: 

Whether it’s infrastructure in the cloud, outsourced manufacturing or capital from angels, 

VC’s and crowd funding, very few industries still have significant barriers to entry. 
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• Business Models no longer last: 

The process of technology development is accelerating, business models and cycle 

planning can no longer keep up. 

• The Lunatics Run the Asylum 

This statement is said to clarify that with technology no manager can control employees 

anymore. Each employee in a business is individually leading themselves with their 

projects.  

When it comes to the impact of business on our project, we realized that when creating a 

platform and attaching it to an ambulance, it saves more money for health facilities than 

buying self-stabilizing beds. An approximate of 15 cars is cheaper than thousands of beds 

with the same mechanism. Using modern technology, we were able to create a successful 

idea that will benefit many and may achieve a gain of profit when entered in the market.   

 

5.5 Survey:  
	
 Our survey includes 5 questions and sampled on 50 people. We chose the 

questions to help prove the need of a self-stabilizing platform in an ambulance. The first 

question was to analyze in average of our surroundings whether they have been 

transported on an ambulance. 

 

 

 

 

 

Figure 5.1: Have you ever been on an ambulance? 
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Around 40% have been on an ambulance, which were the people in interest. We further 

asked about their experience on the ambulance, which brings us to the second question. 

We wanted to know what was their experience on the bed; if it was stable or unstable.  

 

 

	

 

 

 
 

Figure 5.2: Was the bed in the ambulance balanced and stable? 

 
For those who we’re on the bed, the majority didn’t remember their experience. Less than 

30% didn’t think stability was an issue and more than 30% had an unpleasant experience. 

The third question was asked to define whether people have heard of a self-

stabilizing platform that helps vibration reduction, the answer was mostly no and were 

interested to hear what it was. 

   

 

 

 

 

 

 

 

 

 Figure 5.3: Have you ever heard of a self-stabilizing platform that helps vibration reduction? 
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We then asked our responders what they thought about having an ambulance car that 

contains a self-stabilizing platform and whether it was a good idea and if our platform 

can gain their trust.  

 

 

 

 

 
	
	
	
Figure 5.4: Do you think having a self-stabilizing platform is a good idea on an ambulance, would you trust our 

platform? 

	
	
Almost all our responders answered positively and believed it was a good idea and can be 

trusted. We Finally asked if this idea should be implemented in Kuwait's' hospitals. 

Amazingly 94% of our responders answered yes. This gave us the boost of confidence 

that our project is approved and supported by our society. 

 

 

	
 

 

 

 

 

Figure 5.5: Should hospitals in Kuwait get them? 
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5.6 Conclusion: 

  

 To conclude, this chapter mainly talks about the impacts of implementation  

 in our lives. These impacts include economics, social, ethical and business that were 

discussed. A sample from our surroundings has been taken to analyze our project. This 

helped us gain a clearer vision of what our society thinks and wants in the nearest future. 

The opinions also gave us a boost of confident and a sense of belief that our project is 

meaningful and very helpful. 
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Chapter 6: Conclusion  
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Chapter 6: Conclusion  
 

This chapter talks about the main characteristics of the project and the progress of 

it. The progress of the project so far contains capstone 1 works. In addition, the plans of 

the future work are mentioned. In chapter one, we introduced our project stating the 

problem and the solution. Chapter 2 was a discussion of similar projects. We compared 

the projects to ours by listing the similarities and differences. The next chapter talked 

about the components used in our project and their general features. Chapter 4 was the 

implementation sector, which discusses what we tested throughout the semester along 

with the research. The chapter after dealt with the impacts of implementation that 

includes economics, social, ethical, business and a survey analysis. Overall, we did a 

complete research about self-stabilizing platforms and its technicality. We also 

implemented on some of the components. When implementing, we compared the 

components from other similar projects and chose the most suitable components to 

implement them in our project. We compared them in terms of their functionality, 

availability in market, and prices. Finally, this paper helped us gain a clear vision on 

where to start to implement a successful capstone project.  

6.1 Capstone I 
In capstone one we did focus on research to have enough information to start our 

project with the most suitable components and software. We did a literature review were 

we did search for similar project and compared between them and our project. We did 

benefit form each research and took what best fits our target. At the end of capstone I we 

were ready to start our physical work and started gathering more components to start the 

hardware implementation. Furthermore, survey was done to help us with the planning for 

our project.  
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6.2 Capstone II  
 Capstone II basically focused on the Implementation and the practical part of the 

project. Based on capstone I and the research that we made we did start implementing the 

hardware. We did face some difficulties and with time we were capable of overcoming 

them. Capstone II required us to make several implementations and designs until we 

reached our final design. We did get the results that we wanted with the help of the 

courses that we took at AUK and with the help of our professors.  

Placing components in the correct place requires a lot of thinking and a lot of trial 

and error. Besides that, calculations do take time to set them to the correct values to 

control the system. Our system is very sensitive which made it difficult in 

implementation but we did work hard to stabilize it and to make efficient as we required.  
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Appendix A  
 

First Design:  

 

Appendix A. 1: Design of the servomotors holders. 

 

Appendix A. 2: design of the rod holders.  
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Appendix A. 3: middle piece to support the platform.  
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Appendix B 
	
First code: 

#include <Wire.h> 

#include <ADXL345.h> 

#include <Servo.h> 

ADXL345 accelerometer; 

double sensed_output, control_signal; 

double setpoint=180; 

double Kp=0.156;                        //proportional gain 

double Ki=0.03;                           //integral gain 

double Kd=0.174;                       //derivative gain 

int SampleTime=20;                  //sample time in milliseconds (ms) 

unsigned long last_time; 

double total_error, last_error; 

int max_control=90; 

int min_control=-90;  

int froll; 

int fpitch; 

unsigned long Stable=0;  

double outputinverted; 

Servo myservo1;   // 0 up, 180 down 

Servo myservo2;   // 180 up, 0 down 

Servo myservo3;   // 80 up, 0 down 

Servo myservo4;   // 0 up, 180 down 
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void setup(){  

      Serial.begin(9600); 

      myservo1.attach(2);              //attaches the servo on pin 9 to the servo object 

  myservo2.attach(3); 

   myservo3.attach(4); 

   myservo4.attach(5); 

     delay(500); 

     myservo1.write(80); 

     myservo2.write(100); 

     myservo3.write(100); 

     myservo4.write(80); 

     delay(3000); 

} 

void loop(){ 

        Vector norm = accelerometer.readNormalize(); 

      Vector filtered = accelerometer.lowPassFilter(norm, 0.5); 

        int fpitch = -(atan2(filtered.XAxis, sqrt(filtered.YAxis*filtered.YAxis + 

filtered.ZAxis*filtered.ZAxis))*180.0)/M_PI; 

  int froll  = (atan2(filtered.YAxis, filtered.ZAxis)*180.0)/M_PI; 

  froll=map(froll,-179,179,0,359); 

  sensed_output=froll; 
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  PID_Control();        //calls the PID function every T interval and outputs a control signal   

  outputinverted=map(control_signal,-90,90,90,-90); 

  myservo1.write(80+control_signal); 

  myservo2.write(100+outputinverted); 

  myservo3.write(100+control_signal); 

  myservo4.write(80+outputinverted); 

  Serial.println(froll); 

  delay(1); 

 

} 

void PID_Control(){ 

  unsigned long current_time = millis(); //returns the number of milliseconds passed since 

the Arduino started running the program 

  int delta_time = current_time - last_time; //delta time interval  

  if (delta_time >= SampleTime){ 

    double error = setpoint - sensed_output; 

    total_error += error; //accumalates the error - integral term 

    if (total_error >= max_control) total_error = max_control; 

    else if (total_error <= min_control) total_error = min_control; 

    double delta_error = error - last_error; //difference of error for derivative term 

 

    control_signal = Kp*error + (Ki*SampleTime)*total_error + 

(Kd/SampleTime)*delta_error; //PID control compute 

    if (control_signal >= max_control) control_signal = max_control; 
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    else if (control_signal <= min_control) control_signal = min_control; 

    last_error = error; 

    last_time = current_time; 

 

    }   

} 
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Appendix C 
 

Second Design:  
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Appendix D 
	
Second	Design:		
 
#include <Wire.h> 
 
 
#include <ADXL345.h> 
 
 
#include <Servo.h> 
 
 
ADXL345 accelerometer; 
 
double sensed_outputX, control_signalX; 
 
 
double setpointX=183; 
 
 
double KpX=0.156; //proportional gain 
 
 
double KiX=0.03; //integral gain 
 
 
double KdX=0.180; //derivative gain//0.174 
 
 
double sensed_outputY, control_signalY; 
 
 
double setpointY=177; 
 
 
double KpY=0.156; //proportional gain 
 
 
double KiY=0.022; //integral gain 
 
 
double KdY=0.19; //derivative gain 
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int SampleTime=20; //sample time in milliseconds (ms) 
 
 
unsigned long last_timeX; 
 
 
double total_errorX, last_errorX; 
 
 
unsigned long last_timeY; 
 
 
double total_errorY, last_errorY; 
 
 
int max_control=90; 
 
 
int min_control=-90; 
 
 
int froll; 
 
 
int fpitch; 
 
 
unsigned long Stable=0; 
 
 
double outputinvertedX; 
 
 
Servo myservo1;   // 0 up, 180 down 
 
 
Servo myservo2;   // 180 up, 0 down 
 
 
void setup(){  
 
 
    Serial.begin(9600); 
 
 
    myservo1.attach(3); 
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    myservo2.attach(4); 
 
    delay(500); 
 
    myservo1.write(100);// 0 up cw , 180 down ccw 100 stable  x axis 
 
    myservo2.write(80);// 180 up , 0 down       80 stable     y axis 
 
    delay(3000); 
 
 
} 
 
 
void loop(){ 
 
  Vector norm = accelerometer.readNormalize(); 
 
 
  Vector filtered = accelerometer.lowPassFilter(norm, 0.5); 
 
  int fpitch = -(atan2(filtered.XAxis, sqrt(filtered.YAxis*filtered.YAxis + 
filtered.ZAxis*filtered.ZAxis))*180.0)/M_PI; 
 
 
  int froll  = (atan2(filtered.YAxis, filtered.ZAxis)*180.0)/M_PI; 
 
 
  froll=map(froll,-179,179,0,359); 
 
 
  fpitch=map(fpitch,-179,179,0,359); 
 
 
  Serial.print(froll); 
 
 
  Serial.print('\t'); 
 
 
  Serial.println(fpitch); 
 
  sensed_outputX=froll; 
 
  sensed_outputY=fpitch; 
 
  PID_ControlX();  
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  PID_ControlY(); 
 
  outputinvertedX=map(control_signalX,-90,90,90,-90); 
 
  myservo1.write(100+outputinvertedX); 
 
  myservo2.write(80+control_signalY); 
 
  delay(1); 
 
} 
 
 
void PID_ControlY(){ 
 
  unsigned long current_timeY = millis(); //returns the number of milliseconds passed 
since the Arduino started running the program 
 
 
  int delta_timeY = current_timeY - last_timeY; //delta time interval  
 
  if (delta_timeY >= SampleTime){ 
 
    double errorY = setpointY - sensed_outputY; 
 
    total_errorY += errorY; //accumalates the error - integral term 
 
 
    if (total_errorY >= max_control) total_errorY = max_control; 
 
 
    else if (total_errorY <= min_control) total_errorY = min_control; 
 
 
    double delta_errorY = errorY - last_errorY; //difference of error for derivative term 
 
    control_signalY = KpY*errorY + (KiY*SampleTime)*total_errorY + 
(KdY/SampleTime)*delta_errorY; //PID control compute 
 
 
    if (control_signalY >= max_control) control_signalY = max_control; 
 
 
    else if (control_signalY <= min_control) control_signalY = min_control; 
 
    last_errorY = errorY; 
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    last_timeY = current_timeY; 
 
 
    }   
 
 
} 
 
 
void PID_ControlX(){ 
 
  unsigned long current_timeX = millis(); //returns the number of milliseconds passed 
since the Arduino started running the program 
 
  int delta_timeX = current_timeX - last_timeX; //delta time interval  
 
  if (delta_timeX >= SampleTime){ 
 
    double errorX = setpointX - sensed_outputX; 
 
    total_errorX += errorX; //accumalates the error - integral term 
 
 
    if (total_errorX >= max_control) total_errorX = max_control; 
 
 
    else if (total_errorX <= min_control) total_errorX = min_control; 
 
 
    double delta_errorX = errorX - last_errorX; //difference of error for derivative term 
 
    control_signalX = KpX*errorX + (KiX*SampleTime)*total_errorX + 
(KdX/SampleTime)*delta_errorX; //PID control compute 
 
    if (control_signalX >= max_control) control_signalX = max_control; 
 
    else if (control_signalX <= min_control) control_signalX = min_control; 
 
 
    last_errorX = errorX; 
 
 
    last_timeX = current_timeX; 
 
 
    }   
 
} 


