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TABLE OF SYMBOLS 
 

Symbol Units Name 

Ω Ohm Ohmage 

V Volts Voltage 

cm Centimeter Centimeter 

 
INTRODUCTION  

This project focuses on the design, assembly, and programming of an 

autonomous Arduino-based vehicle equipped with multiple ultrasonic sensors for 

obstacle detection and basic navigation capabilities. The primary objective of the project 

is to implement sensor-based control logic using an Arduino microcontroller to achieve 

forward motion, environmental awareness, and directional decision-making based on 

proximity data. Through this process, students become familiar with real-time sensor 

integration, motor control, and embedded systems logic. 

The motivation behind this project stems from the growing relevance of 

autonomous systems in modern engineering applications, particularly in areas such as 

robotics, automated delivery systems, and smart mobility solutions. Hands-on 

experience with microcontrollers, sensors, and actuators allows students to bridge the 

gap between theoretical coursework and real-world problem solving. This project 

presents an accessible platform to explore foundational concepts such as pulse-width 

modulation (PWM), servo positioning, and ultrasonic distance measurement. 

Historically, the use of autonomous vehicles in research and industry has 

evolved significantly since the development of early robotic platforms in the 20th 

century. Pioneering work in mobile robotics, such as the Stanford Cart and Carnegie 

Mellon’s NavLab series, laid the groundwork for today’s advanced autonomous 

technologies. While the present project is limited in scale, it reflects the same 

fundamental engineering principles used in more complex applications, offering a 

valuable learning opportunity within an educational laboratory setting. 
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THEORETICAL BACKGROUND 

The autonomous race car designed should be able to detect and avoid obstacles, in this 

case, wooden obstacles, while maintaining a competitive speed. To achieve this, it is 

necessary to implement three ultrasonic sensors, one infrared sensor, two DC motors, a 

servo motor, a potentiometer, and all the necessary components to build the circuits, 

such as a breadboard, eight resistors, jumper wires, and eight transistors. An Arduino 

microcontroller is also necessary to read the outputs from the sensors. Lastly, batteries 

are necessary for the system to work. Eight AA Lithium batteries to power the two DC 

motors, and six AA Lithium batteries to power the servo and the Arduino, providing 9V.  

 
I. Breadboard 

A breadboard is a reusable platform for prototyping electronic circuits 

without soldering. It consists of a plastic base with a grid of holes, where 

metal strips underneath establish electrical connections [1]. Breadboards have two 

main sections: power rails for voltage and ground distribution, and terminal strips 

for placing components. The terminal area is split by a central gap to fit integrated 

circuits. Figure 1 shows a typical breadboard layout. 

 

 

Figure 1. Breadboard [2] 
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II. Electrical Resistor 

A resistor is a passive electrical component that limits current flow in a circuit by 

converting electrical energy into heat [1]. It follows Ohm’s Law, where voltage 

across the resistor is proportional to the current passing through it. Resistors come 

in various types, such as fixed, variable, and thermistors, each suited for different 

applications. Their resistance is measured in ohms (Ω) and is determined by 

material composition and dimensions. Figure 2 shows a common axial-lead 

resistor. 

 

 

Figure 2. Axial-lead Resistor [3] 

 

III. Jumper Wires 

Jumper wires are cables with a connector at both ends, used for connecting 

components in a breadboard without the need to weld [4].  

 

Figure 3. Jumper Wires [5] 
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IV. Transistors 

A transistor is a semiconductor used to regulate or control the flow of voltage or 

current. The main types of transistors are the Field Effect Transistor (FET) and the 

Bipolar Junction Transistor (BJT). A BJT is the one used for this project. This 

transistor has three terminals, they are Collector, Base, and Emitter. Within the 

BJT, there are two types, the NPN and the PNP. An NPN transistor is normally 

open, and a PNP transistor is normally closed. In this case, the NPN and PNP 

were both used. An NPN transistor produces current flow from the Collector to the 

Emitter, while in a PNP transistor the current flows from Emitter to Collector [6].  

 

 
Figure 4. Transistor [7] 

 

 

V. Batteries 

A battery is a device that converts the chemical energy stored into electrical energy. 

The flow of electrons from one material to another is what provides the electrical 

current. The potential difference between the ends of the battery determines the 

amount of voltage the battery will provide. A battery transfers more energy the 

higher the voltage is, this is due to the fact that more current flows around the 

circuit. There are different types of batteries; to select the correct one for the 

application a number of factors must be taken into consideration, such as the 

voltage and the capacity [8]. 
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Figure 5. Batteries [9] 

 

VI. Pulse Width Modulation 

Pulse Width Modulation (PWM) is a technique used to obtain an analog signal 

while using a digital signal. This can be achieved by alternating the signal between 

a high and a low state. In an Arduino, it is necessary to use the function 

analogWrite() to control the duty cycle of the signal [10]. 

 

 

Figure 6. Duty Cycle Using PWM Function [11] 

 

VII. Servo Motors 

A servo motor is a motor designed to rotate with a high level of precision. They are 

commonly used to rotate an object at a specific angle. Inside, they contain an 

arrangement of gears that allows a high torque [12]. The function of the servo 

motor for this project is to control the steering of the car. 
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Figure 7. Servo Motor [13] 

 

VIII. Direct Current Motors 

As its name suggests, this motor works with direct current, turning the electrical 

energy from the current to mechanical energy. These motors use the magnetic 

fields that occur as a result of the electrical currents that are generated, powering 

the movement of a rotor located in the shaft [14].  

 

The DC motors will enable the car to move, their speed and direction (forward, or 

backwards) is controlled with the help of an H-bridge.  

 

 

Figure 8. DC Motor [15] 

 

IX. Potentiometer 

A potentiometer is a variable resistor that allows for adjustable voltage division in 

a circuit [16]. It consists of a resistive track and a movable wiper that changes 
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resistance as it rotates or slides. Potentiometers are commonly used for tuning and 

control applications, such as volume knobs in audio devices and sensor 

calibration. Figure 9 shows a typical rotary potentiometer. By adjusting the wiper 

position, the output voltage can be varied, making potentiometers essential in 

circuits requiring precise control of electrical signals. 

 

In this case, the potentiometer will be used to find the center position of the servo 

motor.  

 

 

Figure 9. Potentiometer [17] 

 

X. Arduino Controller 

An Arduino controller is a microcontroller board used for prototyping and 

automation. It can power and control components on a breadboard by supplying 

5V or 3.3V through its power pins. The board features multiple input/output (I/O) 

pins, allowing it to interact with sensors, actuators, and other circuit elements. 

Figure 10 shows a typical Arduino board. By connecting the Arduino’s power and 

ground pins to the breadboard’s rails, it can serve as a voltage source while also 

executing programmed instructions for circuit control.  

 

In this case, the Arduino’s main function is to obtain data from the sensors and 

control the two DC motors (move forward, or backwards) and the servo motor for 

steering. 
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Figure 10. Arduino Microcontroller [18] 

 

XI. Ultrasonic Sensor 

An ultrasonic sensor calculates distance by emitting sound waves and receiving 

the echo. These sensors are less susceptible to interferences, such as gases, or 

smoke [19]. The ultrasonic sensors measure the time it takes for the echo to return 

after it reflected on an obstacle. This time (microseconds) is then converted to 

distance, in this case, to centimeters. This was achieved by performing a 

calibration for the sensor, which will be explained in detail in Part V.  

 

Figure 11. Ultrasonic Sensor [20] 
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XII. Infrared Sensor 

Infrared sensors emit light in order to determine if there is an object. This is 

possible due to the fact that these sensors measure the heat of the object. It has 

an emmiter and a detector. The emmiter is an IR Light Emitting Diode (LED), and 

the detector is an IR photodiode [21].  

 

In this project, the infrared sensor is placed at the rear of the car. Its function is to 

detect if there is an obstacle at the back of the car. If it detecs an obstacle, the 

motors stop. This is implemented in case that when the car is reversing there is an 

object too close, making the motors stop and avoiding a crash. 

 

Figure 12. Infrared Sensor [22] 

 

EXPERIMENTAL METHODS 

The first step was to select and acquire all the necessary components to successfully 

build the autonomous race car. After this, it was necessary to design a chassis for the 

car. The CAD of the chassis was done using SolidWorks, after this, it was 3D printed. 

Figures 13-16 show the CAD of the car. This design included a mechanism which 

attached to the servo motor and the wheels will steer the car.  
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Figure 13. Car steering system 

 

 

Figure 14. Car steering at maximum angle 
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Figure 15. CAD of Car Showing Measurement of the Whole System 

 

 

Figure 16. Final CAD of Race Car 
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The second step was to build two H-bridges to control the speed and direction (forward 

or backwards) of the two DC motors. Each H-bridge consists of four transistors (two 

TIP120 NPN and two TIP125 PNP), four resistors of 1kΩ, multiple jumper wires, and 12V 

power supply. To build the first H-bridge the two TIP120 NPN were placed at the top and 

the two TIP125 PNP were placed at the bottom. For the normally closed transistors, the 

bases were connected to resistors and microcontroller digital pins, the collectors were 

attached to the motor terminals, and the emitters were linked to the power supply. For the 

normally open transistors, the bases were connected to the same microcontroller pins as 

the normally closed transistors, the collectors were connected to the same motor 

terminals, and the emitters were connected to ground. This configuration allows the 

current to flow in alternate paths, making possible for the motors to move forward and 

backwards. This is controlled with the microcontroller by switching the rotation of the 

motor depending on the data acquired by the sensors. Figure 17 shows a schematic of 

the H-bridge. The selected pins for each motor were: digital pins 2 and 3 for the left motor, 

and digital pins 12 and 13 for the right motor. 

 

Figure 17. Schematic of H-bridge 

 

The third step was to connect the servo motor. This was achieved by connecting the 

brown wire to the ground, the red wire to the power supply, and the orange cable to digital 
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pin 6. The servo motor shares its power supply with the Arduino. It was also necessary 

to find the positions at 0°, 90°, and 180° of the servo motor. Figure 18 shows a schematic 

of the connections for the servo motor. 

 

Figure 18. Schematic of Servo Motor 

 

The fourth step was to connect the potentiometer. This was done by connecting the 

potentiometer’s first lead to the power common node and the second lead to the common 

ground. The wiper lead was connected to analog pin A0. Figure 19 shows the schematic 

for the connection of the potentiometer.  

 

 

Figure 19. Schematic of Potentiometer 

 

The fifth step was to connect the three ultrasonic sensors, which will detect the wooden 

obstacles placed in the track, which is in the first floor hall of Luchetti Building. Four jumper 

wires were used for each sensor. The red wires were connected to the common positive 

node, the green wires were connected to the common negative node, the white wires 
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(trigger) were connected to the same node and then another cable was used to connect 

them to the microcontroller to the digital pin 8, and the blue wires (echo) were connected 

to different nodes and then connected to the microcontroller to the digital pins 7, 9, and 

11. Each sensor was then calibrated (refer to Part V for details on the calibration). Figure 

20 shows the schematic for the ultrasonic sensors.  

 

Figure 20. Schematic of Ultrasonic Sensors 

 

Lastly, the infrared sensor was connected. Three jumper wires were used to connect the 

sensor. The first cable was connected to the common positive node, the second cable 

was connected to the negative common node, and the last cable was connected to the 

analog pin A2. Figure 21 shows the schematic for the infrared sensor.  

 

Figure 21. Schematic of Infrared Sensor 
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After realizing all the connections and the necessary calibrations, the complete schematic 

is shown in Figure 22, and the final product is shown in Figure 23. 

 

 

Figure 22. Schematic of Autonomous Race Car Connections   
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Figure 23. Autonomous Race Car Connections   

 

RESULTS & DISCUSSION 

 

PART A. CALIBRATION 

For the ultrasonic sensors, the standard used for calibration was a known distance 

measured with a caliper. The process for the calibration of these sensors was done 

separately for each sensor. The process began by making a simple code to obtain the 

readings from the sensors. Then, with a caliper a distance was measured, and an object 

was placed. The values measured with the caliper and the ones provided by the code 

were annotated, and using excel a plot was developed. Then, with the trendline 

obtained from the plot, it was possible to obtain the equation to convert the 

microseconds that the sensor reads, to a distance (centimeters). With this equation in 

the Arduino code, it will be possible to determine the distance of an object and use this 

to determine to which side the car should steer. 
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Table 1. Calibration for Ultrasonic Sensor 1 

Calibration Sensor for Ultrasonic 

Sensor 1 (Left) 

Real 

Measurements 

[cm] 

Code Readings 

[s] 

2 174 

3 204 

4 222 

5 270 

6 351 

7 422 

8 479 

 

Table 2. Calibration for Ultrasonic Sensor 2 

Calibration Sensor for Ultrasonic 

Sensor 2 (Center) 

Real 

Measurements 

[cm] 

Code Readings 

[s] 

2 144 

3 160 

4 212 

5 258 

6 344 

7 382 

8 401 
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Table 3. Calibration for Ultrasonic Sensor 3 

Calibration Sensor for Ultrasonic 

Sensor 3 (Right) 

Real 

Measurements 

[cm] 

Code Readings 

[s] 

2 136 

3 155 

4 212 

5 263 

6 345 

7 383 

8 402 

 

 

 

Figure 24. Time (s) vs Distance (cm) for Sensor 1 
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Figure 25. Time (s) vs Distance (cm) for Sensor 2 

 

 

Figure 26. Time (s) vs Distance (cm) for Sensor 3 

 

y = 98.26e0.1892x

0

50

100

150

200

250

300

350

400

450

500

0 1 2 3 4 5 6 7 8 9

T
im

e
 [

s

]

Distance [cm]

Time vs Distance (Sensor 2)

y = 93.136e0.1981x

0

50

100

150

200

250

300

350

400

450

500

0 1 2 3 4 5 6 7 8 9

T
im

e
 [

s

]

Distance [cm]

Time vs Distance (Sensor 3)



 20 

After obtaining the trendline for the three ultrasonic sensors, finding the inverse and 

dividing by two, the equations obtained are presented in Table 4 and an example of the 

calculation is shown below. 

𝐶𝑎𝑙𝑖𝑏𝑟𝑎𝑡𝑖𝑜𝑛 𝑆𝑒𝑛𝑠𝑜𝑟 1 =
117.56−1

2
 

𝐶𝑎𝑙𝑖𝑏𝑟𝑎𝑡𝑖𝑜𝑛 𝑆𝑒𝑛𝑠𝑜𝑟 1 = 0.004253 

 

Table 4. Calibration Equations for Ultrasonic Sensors 

Calibration Equations for Ultrasonic Sensors 

Sensor 1 (Left) 0.004253 

Sensor 2 (Center) 0.005089 

Sensor 3 (Right) 0.005368 

Average 0.004903 

 

An average of the values was calculated, resulting in 0.004903. This value was then 

placed in the code to convert the readings of the ultrasonic sensors from microseconds 

to centimeters.  

 

A linearity error analysis was performed to quantify the deviation between the sensor 

readings and the real values. To achieve this, it was necessary to use the Method of Least 

Squares. The results for the Method of Least Squares and the linearity error are shown 

in Tables 5-13 and an example of the calculations are shown below.   
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Table 5. Method of Least Squares for Sensor 1 

Method of Least Squares Sensor 1 

x y xy x2 

174 2 348 30276 

204 3 612 41616 

222 4 888 49284 

270 5 1350 72900 

351 6 2106 123201 

422 7 2954 178084 

479 8 3832 229441 

Sum 

2122 35 12090 724802 

Sum of x squared 

4502884 

 

𝑎0 =
∑ 𝑥𝑖 ∑ 𝑥𝑖𝑦𝑖 − ∑ 𝑥𝑖

2 ∑ 𝑦𝑖

(∑ 𝑥𝑖)2 − 𝑁 ∑ 𝑥𝑖
2  

𝑎0 =
(2122 × 12,090) − (724,802 × 35)

4502884 − (7 × 724,802)
 

𝑎0 = −0.5027 

 

𝑎1 =
∑ 𝑥𝑖 ∑ 𝑦𝑖 − 𝑁 ∑ 𝑥𝑖𝑦𝑖

(∑ 𝑥𝑖)2 − 𝑁 ∑ 𝑥𝑖
2  

𝑎1 =
(2122 × 35) − 7(12,090)

4502884 − (7 × 724,802)
 

𝑎1 = 0.0181 

 

𝑦𝐿 = 𝑎0 + 𝑎1𝑥 

𝑦𝐿_𝑠1 = −0.5027 + 0.0181𝑥 
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Table 6. Values for yL for Sensor 1 

yL 

2.65577418 

3.20033992 

3.52707935 

4.39838453 

5.868712 

7.15751757 

8.19219246 

 

Table 7. Values for Linearity Error Sensor 1 

Linearity Error  

yL yexp eL 

2.65577418 2 0.65577418 

3.20033992 3 0.20033992 

3.52707935 4 0.47292065 

4.39838453 5 0.60161547 

5.868712 6 0.131288 

7.15751757 7 0.15751757 

8.19219246 8 0.19219246 

%eL 

10.92956973 

 

%𝑒𝐿 =
𝑒𝐿,𝑚𝑎𝑥

𝑦𝑚𝑎𝑥 − 𝑦𝑚𝑖𝑛
× 100% 

%𝑒𝐿 =
0.6557

8 − 2
× 100% 

%𝑒𝐿 = 10.92% 
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Table 8. Method of Least Squares for Sensor 2 

Method of Least Squares Sensor 2 

x y xy x2 

144 2 288 20736 

160 3 480 25600 

212 4 848 44944 

258 5 1290 66564 

344 6 2064 118336 

382 7 2674 145924 

401 8 3208 160801 

Sum 

1901 35 10852 582905 

Sum of x squared 

3613801 

 

𝑦𝐿 = 𝑎0 + 𝑎1𝑥 

𝑦𝐿_𝑠2 = −0.4886 + 0.0202𝑥 

 

Table 9. Values for yL for Sensor 2 

yL 

2.42168631 
2.74505824 
3.79601701 
4.72571131 
6.46383543 
7.23184377 
7.61584793 
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Table 10. Values for Linearity Error Sensor 2 

Linearity Error  
yL yexp eL 

2.42168631 2 0.42168631 
2.74505824 3 0.25494176 
3.79601701 4 0.20398299 
4.72571131 5 0.27428869 
6.46383543 6 0.46383543 
7.23184377 7 0.23184377 
7.61584793 8 0.38415207 

%eL 
7.730590554 

 

Table 11. Method of Least Squares for Sensor 3 

Method of Least Squares Sensor 3 

x y xy x2 

136 2 272 18496 

155 3 465 24025 

212 4 848 44944 

263 5 1315 69169 

345 6 2070 119025 

383 7 2681 146689 

402 8 3216 161604 

Sum 

1896 35 10867 583952 

Sum of x squared 

3594816 

 

𝑦𝐿 = 𝑎0 + 𝑎1𝑥 

𝑦𝐿_𝑠3 = −0.3358 + 0.0197𝑥 
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Table 12. Values for yL for Sensor 3 

yL 

2.34334318 
2.71763911 

3.8405269 
4.84521597 

6.4605984 
7.20919026 
7.58348619 

 

Table 13. Values for Linearity Error Sensor 3 

Linearity Error  
yL yexp eL 

2.34334318 2 0.34334318 
2.71763911 3 0.28236089 

3.8405269 4 0.1594731 
4.84521597 5 0.15478403 

6.4605984 6 0.4605984 
7.20919026 7 0.20919026 
7.58348619 8 0.41651381 

%eL 
7.676639992 

 

The results obtained for the linearity error were 10.92% for sensor 1(left), 7.73% for 

sensor 2 (center), and 7.67% for sensor 3 (right). For a low-cost sensor as HC-SR04, 

these values are within the acceptable range. These sensors, paired with a code that 

takes this into consideration, are ideal for the purpose of this project, which is to avoid 

objects while maintaining a competitive speed. 

 

Some of the possible limitations, that could have impacted the results were that the 

ultrasonic sensors can produce inconsistent readings due to the reflectivity of the 

surface and enviromental noises. Another factor could be the smoothness or roughness 

of the floor. When testing the car in a smooth floor, this caused the wheels to slip, due 

to a reduced traction. On the other hand, on a rougher surface the car had better 

traction. 



 26 

PART B. BATTERIES 

The selection of the batteries was an important step, due to the fact that if the wrong 

ones were chosen, it will be difficult for the system to work. The first batteries chosen 

were AA Alkaline. During the trials performed, it was noticed that the batteries 

discharged too fast, and that one of the transistors got hot. After researching, it was 

concluded that the batteries needed were AA Lithium. These batteries have a lower 

resistance, and weight less. After this change, it was noticed that the transistor did not 

get too hot and that they lasted longer. Also, at first, the Arduino was powered by a 9V 

battery, but it was noticed that it discharged too quickly. This led to deciding it was a 

better option for the servo motor and the microcontroller to share the power supply.  The 

distribution of the batteries in the system is shown in Table 14.  

 

Table 14. Battery Distribution for System 

Battery Distribution  

Component Voltage Required 

[V] 

Voltage 

Supplied [V] 

Batteries 

DC Motors 6 V 12V 8 AA Lithium 

Servo Motor 4.8V-6V 9V 6 AA Lithium 

Arduino 

Microcontroller 

2.7V-5.5V 9V 6 AA Lithium 

 

PART C. ARDUINO CODE 

Code Used to Calibrate the Three Ultrasonic Sensors and the Infrared Sensor 

The code used to calibrate the three ultrasonic sensors, and the infrared sensor works 

by acquiring data from the sensors. The readUltrasonic() function sends a trigger signal 

to the sensor and measures the time it takes for the echo to return. It returns a value in 

microseconds. For the infrared sensor, it will return a value of 4 if there isn’t  a close 

object. On the contrary, if it does detect an object, it will return a 0. 

 
// Pin assignments 
const int trigPin = 8; 
const int echoLeft = 7; 
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const int echoCenter = 9; 
const int echoRight = 11; 
const int irPin = A2; 
 
void setup() { 
  Serial.begin(9600); 
  pinMode(trigPin, OUTPUT); 
  pinMode(echoLeft, INPUT); 
  pinMode(echoCenter, INPUT); 
  pinMode(echoRight, INPUT); 
  pinMode(irPin, INPUT); 
 
  // Print header 
  Serial.println("Left(cm),Center(cm),Right(cm),IR_Value"); 
} 
void loop() { 
  long distanceLeft = readUltrasonic(echoLeft); 
  delay(50); 
  long distanceCenter = readUltrasonic(echoCenter); 
  delay(50); 
  long distanceRight = readUltrasonic(echoRight); 
  delay(50); 
 
  int irVal = (analogRead(irPin)* 5.0)/1023.0; 
 
  // Print data  
  Serial.print(distanceLeft); 
  Serial.print(","); 
  Serial.print(distanceCenter); 
  Serial.print(","); 
  Serial.print(distanceRight); 
  Serial.print(","); 
  Serial.println(irVal); 
 
  delay(200); // Wait before next reading 
} 
 
long readUltrasonic(int echoPin) { 
  digitalWrite(trigPin, LOW); 
  delayMicroseconds(2); 
  digitalWrite(trigPin, HIGH); 
  delayMicroseconds(10); 
  digitalWrite(trigPin, LOW); 
 
  long duration = pulseIn(echoPin, HIGH, 30000); // 30 ms  
  long distance = duration; 
  return distance; 
} 
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Main Code for the Autonomous Race Car 

This code sends a pulse through the trigger which will be received by the respective 

echo of each sensor, and it will convert it to a distance in centimeters. These readings 

will help the racing car to steer away from the objects it encounters. If one of the 

ultrasonic sensors detects an object too close, the car will reverse. If the car reverses 

three times within a time window of 10 seconds, it will perform a longer reverse. With 

the help of a potentiometer, it will be possible to set the center position of the servo 

motor. Additionally, it has an infrared sensor at the back of the car that will act as a 

safety stop, meaning that if it detects an object is very close, it will stop the motors. 

 

// Pin definitions 
const int trigPin = 8; 
const int echoLeft = 7; 
const int echoCenter = 9; 
const int echoRight = 11; 
 
const int motorLeft1 = 2; 
const int motorLeft2 = 3; 
const int motorRight1 = 12; 
const int motorRight2 = 13; 
 
const int servoPin = 6; 
const int potentiometerPin = A0; 
const int irPin = A2; 
 
// Steering and timing constants 
const int steer_threshold = 50;    //if object is within 50 cm, it will start steering 
const int reverse_threshold = 7;     // if object is within 7 cm, it will trigger reverse 
const int reverse_delay = 1500;  // car will reverse for 1500 ms  
const int long_reverse_delay = 2000;  // car will reverse for 2000 ms when stuck 
const int stuck_time = 10000; // it will detect the car is stuck after a 10,000 ms window  
const int stuck_count = 3;     // if it reverses 3 times within the stuck window, it will do a long reverse 
const int assist_pulse_ms = 20;    // motor-pulse assist duration 
const int turn_offset = 700;   // microseconds offset from center for turns 
const int min_pulse = 1000;  // limits 
const int max_pulse = 2000; 
 
unsigned long reverseTimes[stuck_count]; 
int reverseIdx = 0; 
void setup() { 
  pinMode(trigPin, OUTPUT); 
  pinMode(echoLeft, INPUT); 
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  pinMode(echoCenter, INPUT); 
  pinMode(echoRight, INPUT); 
 
  pinMode(motorLeft1, OUTPUT); 
  pinMode(motorLeft2, OUTPUT); 
  pinMode(motorRight1, OUTPUT); 
  pinMode(motorRight2, OUTPUT); 
 
  pinMode(servoPin, OUTPUT); 
  pinMode(irPin, INPUT); 
 
  Serial.begin(9600); 
} 
 
// Read one ultrasonic sensor (shared trigger) 
long readUltra(int echoPin) { 
  digitalWrite(trigPin, LOW); 
  delayMicroseconds(2); 
  digitalWrite(trigPin, HIGH); 
  delay(60); 
  digitalWrite(trigPin, LOW); 
  long d = pulseIn(echoPin, HIGH, 30000); 
  return d ? (d * 0.004903 / 2) : 999; 
} 
 
void moveForward() { 
  digitalWrite(motorLeft1, HIGH);  
  digitalWrite(motorLeft2, LOW); 
  digitalWrite(motorRight1, HIGH);  
  digitalWrite(motorRight2, LOW); 
} 
void moveBackward() { 
  digitalWrite(motorLeft1, LOW);   
  digitalWrite(motorLeft2, HIGH); 
  digitalWrite(motorRight1, LOW);   
  digitalWrite(motorRight2, HIGH); 
} 
void stopMotors() { 
  digitalWrite(motorLeft1, LOW);  
  digitalWrite(motorLeft2, LOW); 
  digitalWrite(motorRight1, LOW);  
  digitalWrite(motorRight2, LOW); 
} 
 
// Briefly pulse off the left motor to assist turning right 
void pulseLeftAssist() { 
  digitalWrite(motorLeft1, LOW);  
  digitalWrite(motorLeft2, LOW); 
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  delay(assist_pulse_ms); 
 
  digitalWrite(motorLeft1, HIGH);  
  digitalWrite(motorLeft2, LOW); 
} 
// Briefly pulse off the right motor to assist turning left 
void pulseRightAssist() { 
  digitalWrite(motorRight1, LOW);  
  digitalWrite(motorRight2, LOW); 
  delay(assist_pulse_ms); 
 
  digitalWrite(motorRight1, HIGH);  
  digitalWrite(motorRight2, LOW); 
} 
 
// Record a reverse timestamp for stuck detection 
void logReverse() { 
  reverseTimes[reverseIdx] = millis(); 
  reverseIdx = (reverseIdx + 1) % stuck_count; 
} 
// Returns true if we’ve reversed stuck_count times within stuck_window 
bool isStuck() { 
  unsigned long now = millis(); 
  for (int i = 0; i < stuck_count; i++) { 
    if (now - reverseTimes[i] > stuck_time) return false; 
  } 
  return true; 
} 
 
// Send one servo PWM pulse 
void servoPulse(int pulseUs) { 
  digitalWrite(servoPin, HIGH); 
  delayMicroseconds(pulseUs); 
  digitalWrite(servoPin, LOW); 
  delay(20); 
} 
 
// Steering based on left/right distances 
void steer(int distanceLeft, int distanceRight) { 
  // Read pot to set center 
  int potentiometer = analogRead(potentiometerPin); 
  int center = map(potentiometer, 0, 1023, min_pulse, max_pulse); 
 
  int pulse = center; 
  // If left obstacle, turn away to right 
  if (distanceLeft < steer_threshold && distanceLeft < distanceRight) { 
    pulse = constrain(center - turn_offset, min_pulse, max_pulse); 
    pulseRightAssist(); 
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  } 
  // If right obstacle, turn away to left 
  else if (distanceRight < steer_threshold && distanceRight < distanceLeft) { 
    pulse = constrain(center + turn_offset, min_pulse, max_pulse); 
    pulseLeftAssist(); 
  } 
 
  servoPulse(pulse); 
} 
 
void loop() { 
  long distanceLeft = readUltra(echoLeft); 
  delay(50); 
  long distanceCenter = readUltra(echoCenter); 
  delay(50); 
  long distanceRight = readUltra(echoRight); 
  delay(50); 
 
  bool ir_sensor = (digitalRead(irPin) == LOW); 
 
  Serial.print("Left:"); Serial.print(distanceLeft); 
  Serial.print(" Center:"); Serial.print(distanceCenter); 
  Serial.print(" Right:"); Serial.print(distanceRight); 
  Serial.print(" IR:"); Serial.println(ir_sensor); 
  delay(50); 
 
  // IR sensor safety stop 
  if (ir_sensor) { 
    stopMotors(); 
    return; 
  } 
 
  // if any sensor is too close to an object it will reverse 
  if (distanceLeft < reverse_threshold || distanceCenter < reverse_threshold || distanceRight < reverse_threshold) { 
    logReverse(); 
    moveBackward(); 
    delay(reverse_delay); 
 
    // If the car gets stuck, it will do a longer reverse 
    if (isStuck()) { 
      moveBackward(); 
      delay(long_reverse_delay); 
      // clear history 
      for (int i = 0; i < stuck_count; i++) reverseTimes[i] = 0; 
    } 
 
    stopMotors(); 
    delay(100); 
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    return; 
  } 
 
  // forward and steering 
  steer(distanceLeft, distanceRight); 
  moveForward(); 
} 
 

CONCLUSION 

The objective of this project was to build an autonomous race car. This was 

achieved by creating the chasis of the car in SolidWorks, 3D printing it, and assembling 

two H-bridges to contol the motors, a servo motor to control the steering, three ultrasonic 

sensors to detect objects, and an infrared sensor to act as a safety stop. For the sensors 

to be as accurate as possible, it was necessary to calibrate them and to perform a linearity 

error analysis. The resulting linearity errors were 10.92% for the left sensor, 7.73% for the 

center sensor, and 7.67% for the right sensor. This errors are considered acceptable for 

a low-cost sensor and with some implementations to the code, they serve their purpose.  

These sensors allowed the car to detect close objects and adjust its steering away 

from them. It was also programmed to reverse in case its not able to swerve away from 

the object, and if the sensors detect that the car reversed three times in a specified 

window of time, it will do a longer reverse. Even though the objectives were met, there 

were some complications such as the inconsistent readings of the sensors at some 

points, traction issues due to a smooth floor, and the fact that when using Alkaline 

batteries, they discharged faster and made one of the transistors to heat. Despite these 

issues, the autonomous race car functioned as expected.  
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SG90 SERVO  Motor Datasheet
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TIP 120 TRANSISTOR DATASHEET 
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TIP 125 TRANSISTOR DATASHEET 
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RAW DATA VALUES TABLE 

Left Center Right IR 

311 282 999 4 

125 279 999 4 

90 64 289 4 

122 61 999 4 

999 275 275 4 

999 999 999 4 

999 294 999 4 

91 287 289 4 

999 999 278 4 

999 999 999 4 

999 291 999 4 

999 293 999 4 

999 291 999 4 

999 278 262 4 

999 999 999 4 

308 277 999 4 

318 999 999 4 

999 288 999 4 

305 256 999 4 

302 999 999 4 

999 999 999 4 

999 999 999 4 

999 999 999 4 

999 999 999 4 

999 999 999 4 

286 999 999 4 

85 55 192 4 

83 55 999 4 

84 55 191 4 

286 58 999 4 

322 999 999 4 

999 999 999 4 

81 55 240 4 

81 52 55 4 

82 52 83 4 

84 52 53 4 

111 52 53 4 
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86 53 54 4 

113 54 55 4 

88 55 55 0 

87 55 83 0 

88 54 55 0 

86 53 55 0 

85 53 80 4 

85 52 80 4 

84 53 81 4 

85 53 55 4 

84 53 55 4 

86 55 84 4 

93 58 59 4 

124 62 64 4 

49 88 88 0 

121 88 89 4 

120 89 89 4 

20 16 17 4 

246 59 62 4 

57 88 62 4 

79 45 62 4 

121 89 90 4 

121 42 90 4 

125 90 90 4 

123 61 62 4 

121 88 89 4 

121 88 88 4 

45 88 62 4 

121 96 17 4 

122 60 61 4 

114 55 55 4 

111 52 53 4 

111 50 52 4 

111 52 54 4 

117 55 56 4 

112 55 82 4 

115 83 57 4 

247 82 83 4 

110 76 77 4 
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83 52 81 4 

120 61 82 4 

98 65 70 4 

110 74 76 4 

144 85 85 4 

281 120 117 4 

192 296 126 0 

202 171 137 0 

215 184 190 4 

221 192 191 4 

233 200 199 4 

244 210 22 4 

255 27 26 4 

293 29 24 4 

999 999 32 4 

66 38 999 4 

66 36 38 4 

68 36 38 4 

69 40 38 4 

69 35 37 4 

68 38 41 4 

67 38 40 4 

67 37 40 4 

64 35 40 4 

68 16 17 4 

68 18 20 4 

43 40 16 4 

67 38 40 4 

67 38 41 4 

43 38 40 4 

42 16 41 4 

44 15 12 4 

67 16 15 4 

67 38 40 4 

67 39 41 4 

68 39 42 4 

68 40 69 4 

68 39 70 4 

67 38 69 4 
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66 37 68 4 

67 38 70 4 

67 38 999 4 

69 39 70 4 

70 40 44 4 

76 45 48 4 

84 53 53 4 

92 60 60 4 

130 68 67 4 

133 100 72 4 

138 103 102 4 

999 109 106 4 

999 108 106 4 

139 99 82 4 

142 101 99 4 

134 99 99 4 

134 101 83 4 

137 105 84 4 

150 110 109 4 

157 119 115 4 

163 137 124 4 

172 162 134 4 

999 999 166 4 

999 999 999 4 

999 999 999 4 

238 249 999 4 

247 215 214 4 

90 999 999 4 

121 63 999 4 

71 43 100 4 

72 44 999 4 

74 46 999 4 

73 46 999 0 

72 45 107 0 

72 44 107 0 

71 43 999 0 

71 42 104 4 

75 49 47 4 

108 49 50 4 
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86 53 53 4 

123 61 59 4 

143 104 74 4 

14111 111 4   

254 101 104 4 

164 220 247 4 

242 212 89 4 

126 92 91 4 

134 98 71 4 

182 240 107 4 

192 162 285 4 

205 173 241 4 

217 184 185 4 

251 198 198 4 

261 214 228 4 

296 243 241 4 

999 281 253 4 

999 285 283 4 

493 999 269 4 

80 275 263 4 

77 48 261 4 

77 999 261 4 

333 297 274 4 

80 51 293 4 

81 52 322 4 

76 55 56 4 

78 48 60 4 

85 53 55 4 

91 59 58 4 

102 68 68 4 

142 82 81 4 

185 124 120 4 

999 999 999 4 

999 999 143 4 

999 999 999 4 

999 999 999 4 

999 999 999 4 

999 999 999 0 

999 999 999 0 
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999 999 999 0 

999 999 999 0 

130 71 999 4 

228 72 999 4 

233 999 999 4 

999 999 999 4 

271 999 999 4 

121 91 999 4 

112 128 127 4 

118 58 140 4 

237 241 96 4 

150 154 250 4 

159 130 253 4 

155 144 178 4 

190 155 155 4 

207 174 172 4 

249 195 189 4 

303 237 232 4 

115 280 253 4 

119 90 268 4 

124 93 95 4 

121 92 95 4 

113 84 87 4 

136 80 81 4 

132 73 74 4 

120 64 65 4 

87 57 58 4 

83 53 55 4 

84 54 55 4 

85 55 57 4 

93 62 267 4 

102 71 239 4 

270 240 236 4 

270 237 236 4 

25 37 16 4 

25 16 35 4 

25 16 35 4 

24 37 16 4 

33 37 35 4 
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23 15 16 4 

74 42 30 4 

44 42 55 4 

45 42 60 4 

54 53 21 4 

46 15 36 4 

35 49 53 4 

37 41 55 4 

47 19 48 4 

29 16 15 4 

29 16 16 4 

29 16 16 4 

29 16 16 0 

29 16 16 0 

28 16 16 0 

28 16 16 0 

38 16 16 0 

44 16 16 0 

44 16 16 4 

28 16 16 4 

29 16 16 4 

28 16 16 4 

29 16 16 4 

39 16 16 4 

 



  Ω


  Ω


  °


  °


  °


  C a l i b r a t i o n   S e n s o r   1 =     117 . 56  − 1 2


  C a l i b r a t i o n   S e n s o r   1 = 0 . 004253


  C a l i b r a t i o n   S e n s o r   1 = 0 . 004253


    a 0 =    ∑    x  i  ∑    x  i   y  i −  ∑    x  i 2  ∑    y  i     (  ∑    x  i ) 2 − N  ∑    x  i 2


    a 0 =    ( 2122 × 12 , 090 ) − ( 724 , 802 × 35 )  4502884 − ( 7 × 724 , 802 )


    a 0 =    ( 2122 × 12 , 090 ) − ( 724 , 802 × 35 )  4502884 − ( 7 × 724 , 802 )


    a 0 = − 0 . 5027


    a 0 = − 0 . 5027


    a 1 =    ∑    x  i  ∑    y  i − N  ∑    x  i   y  i     (  ∑    x  i ) 2 − N  ∑    x  i 2


    a 1 =    ( 2122 × 35 ) − 7 ( 12 , 090 )  4502884 − ( 7 × 724 , 802 )


    a 1 =    ( 2122 × 35 ) − 7 ( 12 , 090 )  4502884 − ( 7 × 724 , 802 )


    a 1 = 0 . 0181


    a 1 = 0 . 0181


    y  L =   a 0 +   a 1 x


    y  L _ s 1 = − 0 . 5027 + 0 . 0181 x


    y  L _ s 1 = − 0 . 5027 + 0 . 0181 x


  %   e  L =     e  L , m a x    y  m a x −   y  m i n × 100 %


  %   e  L =   0 . 6557  8 − 2 × 100 %


  %   e  L =   0 . 6557  8 − 2 × 100 %


  %   e  L = 10 . 92 %


  %   e  L = 10 . 92 %


    y  L =   a 0 +   a 1 x


    y  L _ s 2 = − 0 . 4886 + 0 . 0202 x


    y  L _ s 2 = − 0 . 4886 + 0 . 0202 x


    y  L =   a 0 +   a 1 x


    y  L _ s 3 = − 0 . 3358 + 0 . 0197 x


    y  L _ s 3 = − 0 . 3358 + 0 . 0197 x

