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A B S T R A K T 

Tato diplomová práce se zabývá automaticky vedeným vozíkem sledujícím čáru, používané v 

průmyslu pro manipulaci s materiálem. Jejím hlavním cílem je vytvoření řídicího algoritmu 

pro provoz tohoto vozíku po definované dráze pro následné řízení pomocí Arduina. Řízení 

zabezpečuje i couvání vozíku ze stanice zpět na hlavní dráhu. Kromě toho je v systému řízení 

vozíku implementován bezdrátový centralizovaný komunikační systém s využitím modulů 

IoT. Celý systém byl úspěšně otestován. Navržený algoritmus přispěje k snadnější 

implementaci konceptu Průmysl 4.0, který je v současné době na vzestupu. 

Klíčová slova: A G V , Průmysl 4.0, Arduino nano, Arduino Mega2560, 

infračervený senzor, internet věcí (IoT) 

A B S T R A C T 

This thesis work depends on the line follower A G V which is used in the industries for the 

material handling process. In this main aim is to develop a control algorithm to operate this 

A G V along a defined path using the Arduino programming. The control also ensures the 

reverse movement of the vehicle from the station back to the main path. In addition, with this 

the wireless communication system is implemented as a centralized communication system 

using the IoT modules and has been tested. The proposed algorithm wi l l contribute to the 

easier implementation of the Industry 4.0 concept which is currently the booming trends in 

industries. 

Keywords: A G V , Industry 4.0, Arduino nano, Arduino Mega2560, IR sensor, IoT 
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1. Introduction 

The diploma thesis " Creating an Algorithm for A G V control " in which the A G V controlling 

algorithm needs to be created and it should be tested. Nowadays, the automation is being 

implemented in all the fields of industry. This includes even the carrying of materials or 

packing of materials uses automation. This A G V is a vehicle which is used to carry the 

materials from one place to another. It helps to do the process or workflow efficient ways. 

This A G V is being used in many industries as per their needs in the industries. This A G V can 

be used for logistics, material handling, etc. 

In this thesis the A G V is created as the line following robot which follows the black line and 

moves in the path. This line follower consists of various components and these components 

are explained and the components that are used are explained in this. The working of the line 

following robot is studied and implemented in this. 

Before the creation of this protype model the current trends and the line following robots that 

are used in the industries are learned and mentioned in the below chapters. 

After this the steps that are followed to create the protype of the A G V is explained and the 

Arduino is used for this controlling methods and these codes are also explained about the 

working of the codes. 

In this the Industrial 4.0 concepts are learned and explained in this and the concept that is 

being used in this is also discussed and the future implementation are also discussed in the 

following chapters. 
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2. Aim of the Thesis 

The aim of the thesis is to create an algorithm for automatic control which is used for Inter-

operational transport in the manufacturing systems based on the requirements in the system 

based on the industry 4.0. This A G V is to be designed as the line following control and need 

to move in the reverse direction when it is required. These are the requirements that are need 

to be done on the practical model and the algorithm should be tested. 
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3. Automated Guided Vehicle 

In 1953, the first period of A G V S began in America, followed by Europe a few years later. It 

lasted over two decades. The initial machines were distinguished technologically by simple 

track-guided systems and tactile "sensors" such as bumpers and emergency arrest handles 

with mechanical switches[l]. A n American innovator conceived the concept of employing 

automation to replace the drivers of a tractor trailer for transporting products in the early 

Figure 1: One of the first American AGVS, built starting in 1954 as tractor for five trailers[l] 

The above figure 1 was the first implemented A G V in the tractor-trailer in 1954 Mercury 

Motor Freight Company in Columbia, South Carolina, for long-distance round-trip 

consignment shipping. 

1950s. 
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3.1 A G V Working 

The A G V are self-operated vehicles which w i l l be working under the guidance of software 

and sensors. These A G V ' s mostly works under the defined pathways. The working also 

consists of various types of operations that are being carried out for the movement. The 

operations that are taken under consideration to setup the A G V are explained below. 

3.1.1. Navigation 

In the A G V design the navigation plays an important role which is used for the movement of 

the vehicle. If there is no proper navigation system in the industries the operation of A g v wi l l 

be a huge problem. So selection of proper navigation system in the industry is the necessary 

step. The navigation technologies that are used in the industries are given in the table 1 

below. 

Function Type of Sensor Application 

Safety Sensors 

Safe 2D Lidar 
Detects whether it is safe or not 

automatically 

Safety Sensors Bumper Stops when there is contact Safety Sensors 

Encoder 
Detects speed and steering of the 

vehicle 

Environment 

Perception 

2D & 3D Lidar, 

Ultrasonic, Camera, 

Radar 

The contact with the objects can 

be avoided 

Navigation and 

Localization 

2D & 3D Lidar, 

Ultrasonic, Camera, 

Radar 

Mapping, Localization and 

Navigation Navigation and 

Localization 
Line sensors (magentic, 

inductive, optic sensors) 
Navigation 

Load Handling Cameras, 2D or 3D Pallet pocket detection 
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L i D A R , Ultrasonic 

Optical distance sensors 

or Wire draw encoders 
Fork Height Sensors 

Photocells, ultrasonic, 

inductive 
Ensure the right load positioning 

Identification 
RFID, Laser or Image 

based bar code scanners 
Transported material identification 

Table 1: Various sensors used for navigation[2] 

3.1.2. Steering control 

The steering control is used to navigate the A G V to move forward and backward movements. 

This can be achieved by following methods. 

• Differential speed control: A G V s most commonly use this form of steering control. 

Two independent driving wheels are used in differential speed control. To turn, each 

drive wheel is turned at a separate speed. The two drives are driven at the same speed 

to go forward or backward. This type of movement is not used in towing applications. 

• Steered wheel control: This method is similar to the steering control in cars or truck. 

In this the movement w i l l be smooth and it offers precise turning. This type of 

movement is used in towing applications and in some operator handling vehicles. 

• Combination steering: This method is the combination of the above two methods. [3] 

Based on this research the Differential speed control is used in this project as similar to the 

A G V s . 

3.1.3. Path Decision 

A G V s must make decisions on which course to take. This is accomplished using a variety of 

methods, including 

• frequency select mode (wired navigation only) 

• path select mode (wireless navigation only) and 
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• a magnetic tape on the floor, which is used not only to direct the A G V but also to 

issue steering and speed commands. 

As per the requirement the path select mode is used and the vehicle is tested on the path. 

3.1.3. Traffic control 

In the Flexible manufacturing systems there w i l l be more A G V s wi l l be in the operation 

process and they wi l l be moving as per the requirement in the industry. So there should be 

proper traffic control in the system. This could be done based on the following types. 

• Zone control 

• Coll is ion avoidance 

• Combination control 

3.2 Types of A G V S 

Automated guided vehicles come in a variety of forms. Many A G V s are meant to run without 

direct human interaction or guidance, comparable to other human-operated vehicles. They are 

listed below. 

i . Fork lift A G V : The common type of A G V is forklift automatic guided vehicles, 

They're meant to transfer pallets in the same way that a human-operated forklift does, 

but without the necessity for a human operator. 
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Figure 2: Fork lift AGV[4] 

Towing A G V : Towing vehicles, also known as tugger automatic guided vehicles, are 

vehicles that tow one or more non-powered, load-carrying vehicles in a train-like 

pattern behind them. Powered towing vehicles, sometimes known as driverless trains, 

run on wheels. 

Figure 3: Towing AGV[5] 

Unit Load Handlers: Unit load handlers transport single loads containing many 

things, such as a pallet or pail. 
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Figure 4: Unit load handlers[6] 

Heavy Burden Carriers: Heavy weight carriers are a type of A G V utilized in 

applications such as big assembly, casting, and coil and plate transfer for the heaviest 

loads. Self-loading capabilities and conventional, pivot, or omni-directional steering 

are available on some big freight carriers. 

Figure 5: Coil handler Agv[7] 
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3.3 A G V technology used in Manufacturing systems 

Inside a factory, these vehicles are designed for processing and transporting materials. They 

are automated and rely on guidance systems and its way of control. The A G V s are now 

experiencing rapid growth and has a very dynamic market. The future expansion of A G V 

systems w i l l be fueled by 

(i) the rise of flexible manufacturing systems, 

(ii) the increased demand for customized A G V s , and 

(iii) the adoption of industrial automation by S M E s , according to the report. 

A G V systems are well-known and widely used in industries including as manufacturing, 

medical, and logistics. 

The industries uses two types of system (i) Centralized architecture system and (ii) 

decentralized architecture system. Now the decentralized architecture system is booming in 

the industries because of its flexibility. [8] 

3.3.1. A G V based on Industrial 4.0 

The industrial 4.0 concept is being used in many work places which helps the process flow to 

more efficient. In this industrial 4.0 there is no longer any need to rely on central structures to 

direct parts in the production or logistics ecosystem because data may flow freely between 

them. Members in a more complicated system may communicate directly with their other and 

with their local environment on multiple levels as industry 4.0 models migrate from the usual 

automation pyramid ISA 95 to R A M I 4.0.[8] 
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F/gure 6: /SA 95 mode/[9] 

A l i 

F/'gure 7: R A M / 4.0 mocte/[10] 

The above images 6 and 7 shows the evolution that happened in the industries. The R A M I 4.0 

is not being used by all the industries but these are future technologies that can be 

implemented all over the world. Based on this the function of A G V should be more efficient 

than that are being currently used in the Industries. 
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3.4 Line Following A G V 

The line following A G V is a vehicle which follows the line or a black path that is created as 

per the requirement in the system of operations. This line follower uses the IR sensor which 

tracks the line in an efficient way. This line follower A G V is a feedback system which is 

working under the guidance of the feedbacks from the sensor. In this the A G V tracks the 

black line, i f the vehicle is over the some different surface the vehicle w i l l stop. 

The working of this function is shown in the figure 8 which shows the response of the vehicle 

in a general way. 

MOTORS 

• • 
[ ADC I 

Binary Data 
PROCESSOR 

M O T O R 
• R I V E R 

Analog Signals 

FEEDBACK SIGNAL SENSORS CIRC LIT MOTOR 1 

Figure 8: Working function of line following AGV 



r r i TECHNICAL UNIVERSITY OF LIBEREC 
\ * J Faculty of Mechanical Engineering • 

4. Components of A G V 

The A G V has various components that are being used for various operations. The 

components that are required for the line following A G V are as follows. 

• Base 

• D C motor 

• Arduino 

• Bread board 

• Infrared Sensor 

• N R F 2 L 0 1 Module 

• H - Bridge(TB6612FNG) 

• Batteries 

• Wires 

4.1 Base 

For each and every vehicles in the world the base is the most important thing which supports 

every parts in it. If the base is not stable it could be the massive collapse in the movement and 

there w i l l be a failure in implementing the operations. But as per the task the prototype model 

is only required for the operation so the normal 3D printed base is used which can hold the 

remaining components in it. 

Figure 9: Base design 
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4.2 D C motor 

The D C motor is a device that works on the principle of Flemings Left hand rule. This is used 

here for the transmission of the vehicle to be achieved. Generally, the motors generates the 

mechanical energy when the electrical energy is applied. There wi l l be a basic components in 

the system which is 

• Rotor: The rotor is a rotating component in which the rotating arm is which is 

bounded by the coils. 

• Stator: The stator is a magnet. 

There are two types of motors are available in the market. They are 

• Brushed motors 

• Brushless motors 

The major difference between these two motors is the magnetic position. These two motors 

have the different advantages over one another. 

Figure 10: DC Motor 
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4.3 Arduino 

The Arduino is the main component of this project. This is the main mode of communication 

and the control system of the A G V . In this project the two types of Arduino boards are used. 

The one is Arduino nano and the other one is Arduino Mega. These two boards have different 

types of peripheral connections in them. 

The Arduino nano is same as the Arduino uno the perfect board for beginners who want to 

learn about electronics and programming. The nano is the mostly used board for the 

beginners working with the platform. The Arduino nano is the most popular and documented 

board in the Arduino family. The Arduino nano is a microcontroller board that uses the 

ATmega328P microcontroller. There are 

• 14 digital 170 pins (6 of which can be used as P W M outputs) 

• Six analog inputs 

• A 16 M H z ceramic resonator 

• A U S B connection, a power jack 

• A n ICSP header 

• A reset button on the board. 

• SPI communication 

It comes with everything which is need to get started with the microcontroller; directly 

connected into the computer using a U S B cable or power it with an A C to D C adapter or 

battery. In this nano board the prototypes are experimented without any fear and it can be 

tested several times i f anything goes wrong it is economical to replace it. 
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Figure 11: Arduino Pinout [11] 

The Arduino M E G A 2560 is a board with extra I/O lines, sketch memory, and R A M for 

projects that require it. It is the suggested board for 3D printers and robotics applications 

since it has 54 digital I/O pins, 16 analog inputs, and more room for your sketch. This gives 

your projects lots of freedom and potential while keeping the Arduino platform's simplicity 

and effectiveness. The layout of this board is given below in the figure 12. 



TECHNICAL UNIVERSITY OF LIBEREC 
Faculty of Mechanical Engineering • 

W P I N O U T L 

7-12V Depending 
ATMEGA 82U/16U2 ICSP 
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W'Physical Pin 
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Interrupt Pin 

-PUM Pin 
I Port Power tifi. 

ALE PG2 ED-

5 ® . 
17 DUL 2014 

Figure 12: Pinout diagram of Arduino Mega2560[l2] 

This Arduino nano is used in this process for the motor movement and for the wireless 

communication in which it receives the data from the Arduino Mega which is used as a 

transmitter. 

4.4 Bread board 

When learning how to build circuits, breadboards are one of the most important 

components. A solderless breadboard is referred to as an electronics breadboard (as opposed 

to the type used to make sandwiches). These are useful for prototyping and building 

temporary circuits because they don't require any soldering. 
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Figure 13: Bread Board[l3] 

4.5 Infrared Sensor 

In this project the Infrared sensor is taken for tracking the line following purpose. The line 

following A G V is mainly depends on the light. For this the IR sensors w i l l be the best 

solution. The IR sensor basically works on the principle of light tracking. Basically the IR 

sensor has IR transmitter and the IR receiver which is a photodiode. In this the IR transmitter 

transmits the light to the surface and the photodiode w i l l be waiting for the feedback from the 

surface. 

In this the black line is used for the path in which the vehicle needs to travel. The black 

surface is used because, when the light falls on the black surface the surface absorbs the light 

into it. Whereas, the white area or other surface w i l l emit the light back. 

The IR sensor w i l l receive the signal back so the vehicle w i l l not move as the receiver detects 

the light. When there is no reflection of light is received from the surface to the receiver the 

vehicle starts to move on that path. 
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Figure 14: IR Sensor 
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Figure 15: Working of IR sensor[ 14] 

4.6 NRF24L01 

The NRF24L01 is a transceiver module which is used to achieve the wireless communication. 

This is the very famous choice of communication while making the prototypes. This 

NRF24L01 uses 2.4 G H z band and it can operate with baud rates from 250 kbps up to 2 

Mbps. This w i l l function upto 100 m in an open space with lower baud rates. 
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Frequency 2.4 - 2.5GHz I S M band 

Maximum output power OdBm 

Working range 100m (open space) 

Data rates 250Kbps / 1Mbps / 2Mbps 

Input power 5 V 

Operating Voltage 1 . 9 - 3 . 6 V 

Standby Current 22uA 

Table 2: Specifications of NRF24L01 

This helps us to communicate between the two module even the displaying the necessary 

details can also be done. There wi l l be three SPI pins in each of the transceiver modules. 

These pins should be connected to the SPI pin in the Arduino boards. After the connection of 

the pins these modules can be used as the transmitter or receiver as per the requirement 

function. 

In this project one of the NRF24L01 model is connected with the Arduino Mega and the 

other one is connected to the Arduino nano. The module connected with Mega board is used 

as transmitter and other is a receiver which is connected with the vehicle. 

Figure 16: NRF24L01 Module 

30 
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4.7 H-bridge (TB6612FNG) 

The module T B 6 6 1 2 F N G is a dual H-bridge which is used as dual motor drive system to 

control the movements of the motor. Generally, the H-bridge is a setup which consists of 

transistors in an unique way. This allows to switch the direction of current in the motor when 

it is connected. B y changing the direction of current the direction of rotation of the motor can 

be changed and with the P W M input the speed of the motors also can be controlled. 

In this project, this module is used which has two H-bridge which helps us to control the 

movement of A G V as per the requirement of motion. 

There is also another type of module which is L298N . The L 2 9 8 N module is also the dual H -

bridge module which also can able to control the motor like same as T6612FNG but when 

comparing these two T B 6 6 1 2 F N G is better than L 2 9 8 N module based on the following 

criteria. 

• Efficiency 

• Peak current 

• Size of the module 

• Battery usage 

• Power supply to the motor 

To make this prototype in an efficient model this type of module is selected. 

V M - Motor Vol tage ^ 

V C C - L o g i c Vol tage 

G N D - G r o u n d 

A01 & A02 = Motor A 

)vn \V Putin 

J*W " ma 
kONO , • • • * * Ml 

P W M A - A C h a n n e l P W M 

:AI1 & AI2 = A Input C o n t r o l 

B01 & B02 = Motor B 

G N D - G r o u n d 
™ MOTOR . 
>3» DRIUER ei 

- P W M B - B C h a n n e l P W M 

- G N D - G r o u n d 

Figure 17: TB6612 Module[l5] 
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4.8 Batteries 

The power source is one of the main source for the vehicle to operate in an efficient way. In 

this prototype model the rechargeable battery bank is used as a power supply which can be 

charged as per the working time of the Agv. 

4.9 Wires 

The wires plays a vital role which is used for the connection between every modules to the 

Arduino to supply the power and to get the outputs. In this many jump wires are used for the 

connection. 
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5. Connection of A G V 

There are some ways to connect the necessary components to make the protype works in an 

efficient way. The connections of each component is discussed below. 

5.1 Motor Connection 

The D C motor is controlled with the help of the TB6612FNG module which are connected to 

the Arduino board. Each motor has three control pins in which the two pins controls the 

direction of the motor and the another one pin is for speed. 

In the Arduino the motor is connected as per the table 3 and the circuit diagram is shown in 

the figure 18. 

Motor A Motor B Function 

P W M A = 3 P W M B = 6 Speed Control 

A I M = 2 B I N l = 5 Direction 

A I N 2 = 4 B I N l =7 Direction 

Table 3: Connection of pins and function 

In the above table the P W M represents the speed control of the motor which can be done by 

the help of the Arduino by which we can able to do the necessary movement of the motor. 

These are only the inputs the output can be framed as per the requirement of the functions. 
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Figure 18: DC motor connection[ 16] 

5.2 IR Sensor Connection 

In this project the IR sensor module with 5 sensors is used for the line following purpose. In 

this the sensors are named as D L , S L , S C , SR and D R which represents the position and for 

the decision making purpose. The IR sensors are connected to the input ports 16, 17, 18, 19 

and 20 respectively. In this the D R sensor is not used for any operation. 

In this when the sensor detects the black line and gives the binary output as 0 and when it 

detects the light and receives the signal it gives the binary output as 1. Based on these outputs 

the A G V is controlled by the using the binary code equation as, 

4 SL + 2 SC + SR 

The above equation is framed based on the number of possibilities whereas the D L is used as 

Decision sensor where it detects only when there is any decision marking on the path. 
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5.3 Transceiver Connection 

In this connection two NRF24L01 modules are used in which one is used as transmitter 

module which is connected with the Mega board and the other is used as receiver module 

which is connected to the vehicle. 

The input of the receiver module is connected to the pins 14 and 15 which are used as the 

communication between the two modules. In this the RF24 library is used for the defining the 

pins. 

The input of the transmitter module is connected to the pins 7 and 8 and the remaining d C L K , 

dMOSI , dCS, dDC, dRES are connected to the pins 13, 11, 4, 3, 2. These are defined with the 

U8glib. B y using this library the displaying function can be achieved with the help of L C D or 

L E D display. In this the Pul l out function is used as the push button command in which the 

three jump wires are connected to the 25, 27 and 29 pins. 

These are the connections that are used in this prototype model. Based on the connection the 

Arduino codes are created and tested. The whole connection of the motor is shown in the 

figure 19 and 20 below. 

Figure 19: Transmitter connection 
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6. Practical Work 

In this Arduino codes created and the testing results are discussed. There are lot of problems 

that are faced on the coding process and finally the codes are executed as per the requirement. 

6.1 Testing path 

The basic test path is created to check whether the forward and backward movement can be 

achieved without any error. 

Figure 21: Basic Test path 

The above figure 21 is the first path which is used to test the basic code whether the code that 

has been created working or not. This test path is used in the two stages of operation (i.e) for 

forward and backward movement. 

In this the first horizontal area is the start area and the vehicle travels along the straight path 

in the forward motion and turns right and again stops in the stop area. 

The movement is guided by the IR sensor based on the feedbacks that are received by the 

sensor. The IR sensor feedback possibilities are given below in the table 4. 
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SL s c SR Dir 

0 0 0 Stop 

1 1 0 Turn Right 

1 0 0 Slight Right 

1 0 1 Straight 

0 1 1 Turn Left 

0 0 1 Slight left 

1 1 1 Error 

Table 4: Movement based on the sensor Feedback 

The first forward movement has been achieved successfully but the problems started when 

coding the next following steps. In each steps there are lot of trail and errors are used and 

many possible solution are discussed. 

1. A t first when the reverse movement in the path is tried to achieve which is one of the 

necessary movement in the path. The problems starts while testing the codes. In this 

prototype one set of IR sensor is used to achieve the line tracking but while using one 

set of sensor the whole set of sensors are going out of the line while going back in the 

path during the turns. This results in the stoppage of the A G V and it shows error. This 

situation is shown in the below figure 22. 
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Figure 22: Position of the AGV while going backwards 

Based on the above scenario as shown in the figure 22 the another solution is tried to 

achieve whether this satisfies the requirement. The solution is instead of using one 

pair of sensors the two set of two pair of sensor is used but for the line tracking. In 

this one pair of sensor is used in front and the another set of sensor is used in the back. 

In this the sensors in the front detects the forward motion and the back sensor is used 

for the reverse motion. But while using this solution the same problem as the above 

case the back sensor detects the line whereas the front sensor went out of the line 

because of this vehicle shows error and it w i l l stop. This case is shown below in the 

figure 23. 
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Figure 23: Position ofAGV while moving backwards using two sensors 

The next solution to achieve the reverse motion is using some change in the path. In 

this the path is slightly changed in which without moving in turns the addition path is 

defined straight in the as same as the straight path after the turn. But in this solution 

another problem arises when the A G V moves in a path the vehicle there w i l l be 

multiple paths so it need to judge the path which to choose. But this solution can be 

achieved but when compared to the reality this situation can be some problem. For 

example when it is implemented in an industry scenario there may be unnecessary 

movement w i l l be which can cause some effects in the production process and there 

wi l l be additional power consumption to achieve this solution. 
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Figure 24: New path for the AGV 

4. As per the lot of possibilities finally one solution is framed and achieved to make the 

movement of the A G V to work in an efficient way and works without any stoppage or 

error occurring. In this only one pair of sensor is used in the front of the vehicle and to 

achieve the reverse movement the successfully a path decision marking is placed in 

one side of the path and making one extra sensor to detect the marking and made to 

move the vehicle in an perfect way in the path. 
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Figure 25: Path with the decision marking 

Based on this much trial and error methods the final path is decided and using the 

Arduino codes a loop is created and the path is tested which works efficiently in the 

designed path. The designed path is given shown below in the figure 26. 
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Figure 26: Testing Path 

The codes for this path and the automation that implemented in the path are discussed and the 

final decided path in the following steps. 

6.2 Arduino code 

To create an A G V the control algorithm is required for the working in an efficient way. This 

can be achieved by Arduino codes. These Arduino coding becomes simple by the help of 

Integrated Developing Environment (IDE). The framework environment of the Arduino 

coding program is shown in the figure 27. 
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C sketrri_may02a | Ardiino 1 A.19 ( W K I M E Store Ta.57.0j 
File Edit Sketch Tools Help 

0 0 HDD 
5ketch_msyD2a 

void setup () ( 
/ / put your setup code here, to run once: 

m 

void loop() { 
/ / put your main code here, to run repeatedly: 

Figure 27: Framework ofArduino IDE 

In this at the top of the layout there are five function which are verify, upload, new, open, 

save. 

I. Verify: This function is used to compile the codes which helps to identify whether 

there is any syntax error has been in the codes that we have created. 

II. Upload: This function is used to upload the codes to the necessary boards using the 

U S B port. 

III. New: This function is used to create the new set of codes. 

IV. Open: This function is used to open the codes that are previously saved in the system. 

V . Save: This function helps to save the coded file in the system. 

http://Ta.57.0j
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The following steps represents the setup of the motor which is used to control the drive 

system. In this the global variables represents the starting area which represents the path of 

the motor and the speed of the motor then the byte Di r and byte D l represents the data of the 

sensors. 

The V o i d setup() is the function which is used to setup the necessary things as per the 

requirements of the task. In the below image the motor pins are connected to the output pins 

in the Arduino which w i l l send the necessary outputs to the motor and controls as per our 

codes. The pins of the sensors are connected to the Input pins of the Arduino which collects 

the output of the sensors as the input and gives these inputs as the output to the motor. These 

are the things that are shown below in the codes. 

// G l o b a l v a r i a b l e s 
i n t A r e a = 1; 
i n t P r e v S t = 255; 
byt e D i r ; 
by t e D l ; 

v o i d s e t u p ( ) 
{ 
pinMode(STBY, OUTPUT); 

pinMode(PWMA, OUTPUT); 
pinMode(AIN1, OUTPUT); 
pinMode(AIN2, OUTPUT); 

pinMode(PWMB, OUTPUT); 
pinMode(BIN1, OUTPUT); 
pinMode(BIN2, OUTPUT); 

pinMode(DL, INPUT); 
pinMode(SL, INPUT); 
pinMode(SC, INPUT); 
pinMode(SR, INPUT); 
// S e r i a l . b e g i n ( 5 7 6 0 0 ) ; 
} 
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• Motor Codes: 

v o i d m o v e ( i n t motor, i n t speed, i n t d i r e c t i o n ) 
{ 

// Move s p e c i f i c motor a t speed and d i r e c t i o n 
// motor: 0 f o r B 1 f o r A 
// speed: 0 i s o f f , and 255 i s f u l l speed 
// d i r e c t i o n : 0 c l o c k w i s e , 1 c o u n t e r - c l o c k w i s e 

d i g i t a l W r i t e ( S T B Y , HIGH); / / d i s a b l e standby 

b o o l e a n i n P i n l = LOW; 
bo o l e a n i n P i n 2 = HIGH; 

i f ( d i r e c t i o n == 1) 
{ 

i n P i n l = HIGH; 
i n P i n 2 = LOW; 

} 

i f ( m o t o r == M o t L e f t ) 
{ 

d i g i t a l W r i t e ( A I N 1 , i n P i n l ) ; 
d i g i t a l W r i t e ( A I N 2 , i n P i n 2 ) ; 
analogWrite(PWMA, speed); 

} 
e l s e 
{ 

d i g i t a l W r i t e ( B I N 1 , i n P i n l ) ; 
d i g i t a l W r i t e ( B I N 2 , i n P i n 2 ) ; 
analogWrite(PWMB, speed); 

} 

} 

v o i d s t o p ( ) 
{ 

//enable standby 
d i g i t a l W r i t e ( S T B Y , LOW); 

} 

In the above codes the setup for the movement of the motor is shown. In this function the 0 

represents the Motor B and 1 represents the Motor A . While for the direction of rotation 0 is 

for anti-clockwise rotation and 1 is for clockwise rotation and for speed 0 is off and 255 is 
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full speed. The digitalWrite function helps to start the motor when it is at the high speed and 

stops the motor when it detects the 0. 

The Boolean function is used to check the given statements value is true or false. In this the 

inpinl and inpin2 is given as low and high which w i l l be waiting for the necessary input. If 

the direction or the motor input is changed as per the void loop that has been created it wi l l 

helps the motor to move as per the codes. 

After the motor setup the loop is created for the movement of the motor. In the Arduino 

programming the void loop() is used to create the functions that need to be work in a 

continuous loop. A t first in this loop the sensors are set to read the status of the line. As per 

the inputs from the sensors the codes are created and the switch function is used to switch the 

areas as per the readings received from the sensors. This is done in different cases which is 

explained in the following steps. 

• Case 1: In this case the vehicle moves in the forward direction in the path and it turns 

right in the path and it continue in the same straight motion until the D L sensor 

detects the decision marking in which the vehicle stops and changes the area from 1 to 

2 i f the A G V wants to stop or from 1 to 4 i f A G V wants to continue to next stop. The 

output possibilities from the sensor are as follows and it has been coded in this case. 

This would be the line following motion in this case. 

SL sc SR Dir 

1 1 0 Turn Right 

1 0 0 Slight Right 

1 0 1 Straight 

0 1 1 Turn Left 

0 0 1 Slight left 

1 1 1 Rotate right (while 

Transceiver is used) 

0 0 0 Stop (while 

Transceiver is used) 

Table 5: Movement possibilities for case 1 
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case 1: // ar e a 1 
{ 

i f (Dl == 0) 
{ 

DlStop++; 
w h i l e (Dl == 0) 
{ 

Dl = d i g i t a l R e a d ( D L ) ; 
d e l a y ( 5 0 ) ; 

} 
s t o p ( ) ; 
i f ( T a r g e t S t o p == DIStop) 

A r e a = 2; 
e l s e 

A r e a = 4; 
i f (DIStop >= MAX_STOPS) 

DIStop = 0; 
w h i l e (!nRF.write(&Area, s i z e o f ( A r e a ) ) ) ; 
break; 

} 
s w i t c h (Dir) 
{ 

case 0: // stop 
{ 

move(MotLeft, 128, 1 ) ; // m o t . l , h a l f speed, f o r w a r d 
move(MotRight,128, 1 ) ; // mot.2, h a l f speed, f o r w a r d 
w h i l e ( D i r == 0) 
{ 

re a d s e n s o r s ( ) ; 
d e l a y ( 5 0 ) ; 

} 
s t o p ( ) ; 
DIStop = 0; 
Are a = 6; 
w h i l e (!nRF.write(&Area, s i z e o f ( A r e a ) ) ) ; 
// s w i t c h back f o r r e c e i v i n g 
n R F . s t a r t L i s t e n i n g () ; 
break; 

} 

case 1: // f o r w a r d s l i g h t l y l e f t 
{ 

move(MotLeft,128, 1 ) ; // m o t . l , h a l f speed, f o r w a r d 
move(MotRight,255, 1 ) ; // mot.2, f u l l speed, f o r w a r d 
break; 
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} 
case 3: // f o r w a r d s t r i c t l y l e f t 
{ 

move(MotLeft, 0, 1 ) ; // m o t . l , s t o p , f o r w a r d 
move(MotRight,255, 1 ) ; // mot.2, f u l l speed, f o r w a r d 
break; 

} 
case 4: // f o r w a r d s l i g h t l y r i g h t 
{ 

move(MotLeft,255, 1 ) ; // m o t . l , f u l l speed, f o r w a r d 
move(MotRight,128, 1 ) ; // mot.2, h a l f speed, f o r w a r d 
break; 

} 
case 5: // f o r w a r d 
{ 

move(MotLeft, 255, 1 ) ; // m o t . l , f u l l speed, f o r w a r d 
move(MotRight,255, 1 ) ; // mot.2, f u l l speed, f o r w a r d 
break; 

} 
case 6: // f o r w a r d s t r i c t l y r i g h t 
{ 

move(MotLeft, 255, 1 ) ; // m o t . l , f u l l speed, f o r w a r d 
move(MotRight, 0, 1 ) ; // mot.2, s t o p , f o r w a r d 
break; 

} 
case 7: // t u r n r i g h t 
{ 

move(MotLeft, 128, 1 ) ; // m o t . l , h a l f speed, f o r w a r d 
move(MotRight,128,0); // mot.2, h a l f speed, backward 
break; 

} 
} 
break; 

} 

Case 2: After changing the area the vehicle continues in the forward motion and it 

reaches the stop area where all the sensors are over the line and it w i l l delay for 2 

seconds (to simulate the loading or unloading the material) and the vehicle w i l l 

change its area from 2 to 3. From where the vehicle need to achieve the reverse 

motion. The codes of area 2 is shown below and the sensor possibilities are also 

shown in the table below. 
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case 2: // ar e a 2 - s t r a i g h t , a f t e r DL marking 
{ 

D i r = D i r & 6; 
s w i t c h (Dir) 
{ 

case 0: // s t o p , channge area 
{ 

stop ( ) ; 
delay(2000) ; 
Dl = d i g i t a l R e a d ( D L ) ; 
i f (Dl == 0) 
{ 

move(MotLeft,128,0);//mot.1,half speed, back 
move(MotRight,128,0);//mot.2,half speed, back 
w h i l e (Dl == 0) 
{ 

Dl = d i g i t a l R e a d ( D L ) ; 
d e l a y ( 5 0 ) ; 

} 
} 
A r e a = 3; 
w h i l e (!nRF.write(&Area, s i z e o f ( A r e a ) ) ) ; 
break; 

} 
case 2: // t u r n l e f t 
{ 

move(MotLeft,128,0);// m o t . l , h a l f speed, backward 
move(MotRight,128,1);// mot.2, h a l f speed, f o r w a r d 
break; 

} 
case 4: // f o r w a r d 
{ 

move(MotLeft,255,1);// m o t . l , f u l l speed, f o r w a r d 
move(MotRight,255,1);// mot.2, f u l l speed, f o r w a r d 
break; 

} 
case 6: // f o r w a r d s l i g h t l y r i g h t 
{ 

move(MotLeft,255,1);// m o t . l , f u l l speed, f o r w a r d 
move(MotRight,128,1);// mot.2, h a l f speed, f o r w a r d 
break; 

} 
d e f a u l t : 
{ 
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s t o p ( ) ; 
b reak; 

} 
} 
break; 

} 

SL sc SR Dir 

1 1 X Slight Right 

1 0 X Straight 

0 1 X Slight left 

0 0 X Stop (Change Area) 

Table 6: Movement possibilities for case 2 

• Case 3: In this case the reverse movement of the vehicle is made where the vehicle 

after reaching the stop area it w i l l start to move in the reverse direction. In this case 

the vehicle w i l l travel until the Decision marking sensor detects the decision marking. 

After it detects the marking the vehicle starts to change the area from 3 to 4. To make 

the sensors to detect the line perfectly the vehicle is made to move little forward and 

made to stop after that it w i l l change the area. This codes of this function is shown 

below in the codes and table 7 shows the sensor detection. This uses the same sensor 

detection as case 2 but only the motion is reversed. 

SL sc SR Dir 

0 1 X Slight Right 

1 0 X Straight 

1 1 X Slight left 

0 0 X Backward 

slowly 

Table 7: Movement possibilities for case 3 

The reverse motion is achieved by setting the motor movement from 1 to 0, where 0 

gives the anticlockwise direction. In this the vehicle is made to move in the half 

speed. 
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case 3: // ar e a 3 - bacward movement 
{ 

i f (Dl == 0) 
{ 

move(MotLeft,128, 1 ) ; // m o t . l , h a l f speed, f o r w a r d 
move(MotRight,128, 1 ) ; // mot.2, h a l f speed, f o r w a r d 

w h i l e (Dl == 0) 
{ 

D l = d i g i t a l R e a d ( D L ) ; 
d e l a y ( 5 0 ) ; 

} 
s t o p ( ) ; 
A r e a = 4; 
w h i l e (!nRF.write(&Area, s i z e o f ( A r e a ) ) ) ; 
break; 

} 
D i r = D i r & 6; 
s w i t c h (Dir) 
{ 

case 0: // backward s l o w l y 
{ 

move(MotLeft,128,0); // m o t . l , h a l f speed, backward 
move(MotRight,128,0); // mot.2, h a l f speed, backward 
break; 

} 

case 2: // t u r n l e f t 
{ 

move(MotLeft,128,0); // m o t . l , h a l f speed, backward 
move(MotRight,128,1); // mot.2, h a l f speed, f o r w a r d 
break; 

} 
case 4: // backward 
{ 

move(MotLeft,128,0); // m o t . l , h a l f speed, backward 
move(MotRight,12 8,0); // mot.2, h a l f speed, backward 
break; 

} 

case 6: // t u r n r i g h t 
{ 

move(MotLeft,128,1); // m o t . l , h a l f speed, f o r w a r d 
move(MotRight,128,0); // mot.2, h a l f speed, backward 
break; 

} 
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d e f a u l t : 
{ 

stop ( ) ; 
break; 

} 
} 
break; 

} 

• Case 4: In this case the vehicle continue to move in the forward direction. But in this 

case again a problem arises to continue in the path. So again the decision making 

sensor need to be used to decide the path to continue because in this path there wi l l be 

junction so the sensor w i l l detect the another path and it w i l l stops. So in this case 

again the vehicle is made to decide the area from 4 to 5 until the decision sensor 

detects the path it w i l l stops and it changes to area 5. In this the left sensor is ignored. 

The code for this case is shown below. 

SL sc SR Dir 

X 0 0 Slight Right 

X 0 1 Straight 

X 1 0 Right 

X 1 1 Slight Left 

Table 8: Movement possibilities for case 4 & 5 

case 4: // ar e a 4 - a f t e r crossway - i g n o r e l e f t s ensor 
{ 

i f (Dl == 0) 
{ 

stop ( ) ; 
A r e a = 5; 
w h i l e (!nRF.write(&Area, s i z e o f ( A r e a ) ) ) ; 
break; 

} 
D i r = D i r & 3; 
s w i t c h ( Dir) 
{ 

case 0: // f o r w a r d s l i g h t l y r i g h t 
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{ 
move(MotLeft,128,1); // m o t . l , f u l l speed, f o r w a r d 
move(MotRight,0,1); // mot.2, s t o p , f o r w a r d 
break; 

} 
case 1: // f o r w a r d 
{ 

move(MotLeft,128,1); // m o t . l , f u l l speed, f o r w a r d 
move(MotRight,128,1); // mot.2, f u l l speed, f o r w a r d 
break; 

} 
case 2: // t u r n r i g h t 
{ 

move(MotLeft,128,1); // m o t . l , h a l f speed, f o r w a r d 
move(MotRight,128,0); // mot.2, h a l f speed, backward 
break; 

} 
case 3: // t u r n l e f t 
{ 

move(MotLeft,128,0); // mot31, h a l f speed, backward 
move(MotRight,128,1); // mot.2, f u l l speed, f o r w a r d 
break; 

} 
d e f a u l t : 
{ 

stop ( ) ; 
break; 

} 
} 
break; 

} 

• Case 5: In this case the operations of the vehicle are same as in the case 4. But the 

only addition in this case is when the D L = 1 then the area is switched to 1 and 

continue the same process in a loop continuously. The codes for this case is shown 

below. 

case 5: // ar e a 5 - same as 4, except D l i s over the second 
crossway p a t h 

{ 
i f (Dl == 1) 
{ 

stop () ; 
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A r e a = 1; 
w h i l e (!nRF.write(&Area, s i z e o f ( A r e a ) ) ) ; 
break; 

} 
D i r = D i r & 3; 
s w i t c h (Dir) 
{ 

case 0: // f o r w a r d s l i g h t l y r i g h t 
{ 

move(MotLeft,128,1); // m o t . l , f u l l speed, f o r w a r d 
move(MotRight,0,1); // mot.2, s t o p , f o r w a r d 
break; 

} 
case 1: // f o r w a r d 
{ 

move(MotLeft,128,1); // m o t . l , f u l l speed, f o r w a r d 
move(MotRight,128,1);// mot.2, f u l l speed, f o r w a r d 
break; 

} 
case 2: // t u r n r i g h t 
{ 

move(MotLeft,128,1); // m o t . l , h a l f speed, f o r w a r d 
move(MotRight,128,0);// m o t . 2 , h a l f speed, backward 
break; 

} 
case 3: // t u r n l e f t 
{ 

move(MotLeft,128,0);// m o t . l , h a l f speed, backward 
move(MotRight,128,1);// mot.2, f u l l speed, f o r w a r d 
break; 

} 
d e f a u l t : 
{ 

stop ( ) ; 
break; 

} 
} 
break; 

} 

This are the codes that are created for testing the line follower. To implement the wireless 

communication in the prototype the new path is created to implement this function. The 

below figure 28 shows the final path for the operation. 



Figure 28: Final Test Path 

In this path extra three stops has been created and in the middle of the path there is a waiting 

area where the vehicles w i l l be waiting for the signal to receive from the transmitter. In this 

the transmitter sends the signal by the help of buttons in which each stops are given with 

separate buttons. This type of system is the centralized system where the computer is the 

master and the vehicle which is the slave. The communication w i l l be taking place between 

these two systems. 

• Transmitter code: In this system first the system is set for transmitting the signal 

response and it w i l l also receive the response from the receiver which is used to 

display the current situation of the vehicle. In this the system w i l l show the error 

function or it w i l l not transmit the inputs to the vehicle when all the three buttons or 

any two buttons are pressed. While doing this w i l l show the error. It is designed to 
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function when any one of the button is pressed the vehicle w i l l move as per the input 

button that is being pressed. 

Receiver code: This receiver codes are coded in the same vehicle codes to execute the 

functions of the robot as per the selection of button. Only the little changes are made 

in the codes which are explained previously. In this the button inputs are added and in 

the waiting area there is a problem arises that after stopping in the waiting area the 

sensors reading stopped. To overcome this the vehicle is made to move little forward 

until the sensor detects the line and it is made to stop for receiving the signal. This is 

designed as that when the vehicle moves to one stop then again it w i l l move to the 

waiting area. 

Transmitter Receiver Function 

1 Response = 1 Move to stop 1 

2 Response = 2 Move to stop 2 

3 Response = 3 Move to stop 3 

A l l buttons are pressed Error Error 

Table 9: Operation of Transceiver 

• Working Loop For Receiver: 

case 6: 
{ 

// v a r i a b l e s f o r r e c i e v e d d a t a and response 
b y t e r e c D a t a ; 
b y t e response; 
// i f nRF i s connected and d e t e c t r e c i e v i n g d a t a 
// s t a r t l i s t e n i n g 
i f ( n R F . a v a i l a b l e ( ) ) 
{ 

// w a i t f o r da t a 
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w h i l e ( n R F . a v a i l a b l e ()) 
{ 

// i n case o f r e c e i v e d d a t a the c o n t e n t w i l l be i n 
v a r i a b l e r e c D a t a 

nRF.read(&recData, s i z e o f (recData) ); 
} 

// e n c o d i n g o f r e c i e v e d d a t a 
s w i t c h ( r e c D a t a ) 
{ 

case 1: 
response = 1; 
Ta r g e t S t o p = 1; 
Are a = 1; 
break; 

case 2: 
response = 2; 
Tar g e t S t o p = 2; 
Area = 1; 
break; 

case 3: 
response = 3; 
Ta r g e t S t o p = 3; 
Area = 1; 
break; 

// i f e r r o r , send back 0 
d e f a u l t : 

response = 0; 
break; 

} 
// end o f r e c e v i n i n g d a t a 
n R F . s t o p L i s t e n i n g () ; 
// w a i t i n g f o r s w i t c h i n g between r e c e i v i n g and 

t r a n s m i t t i n g 
d e l a y M i c r o s e c o n d s ( 1 0 0 ) ; 
// s e n d i n g the r e s u l t 
w h i l e (!nRF.write( ^response, s i z e o f ( r e s p o n s e ) ) ) ; 

} 
break; 

} 
} 

} 
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• Working Loop For Transmitter: 

v o i d l o o p ( ) 
{ 

// v a r i a b l e f o r s t o r i n g r e c e i v e d d a t a 
u n s i g n e d l o n g r e c i e v e d D a t a ; 
do 
{ 

// l o o p f o r r e a d i n g b u t t o n s 
b y t e B u t t l = d i g i t a l R e a d ( B u t t o n l ) ; 
b y t e B u t t 2 = d i g i t a l R e a d ( B u t t o n 2 ) ; 
b y t e B u t t 3 = d i g i t a l R e a d ( B u t t o n 3 ) ; 
Res = B u t t 3 * 4 + B u t t 2 * 2 + B u t t l ; 
i f (Res == 7) Res = 0; 
i f (Res == 6) Res = 1; 
i f (Res == 5) Res = 2; 
o l e d . f i r s t P a g e ( ) ; 
do 
{ 

o l e d . s e t F o n t ( u 8 g _ f o n t _ u n i f o n t ) ; 
o l e d . s e t P r i n t P o s ( 0 , 10); 
o l e d . p r i n t ( " B u t t o n : " ) ; 
o l e d . p r i n t ( R e s ) ; 
o l e d . s e t P r i n t P o s ( 0, 2 5 ) ; 
o l e d . p r i n t ( " A r e a : " ) ; 
o l e d . p r i n t ( r e c i e v e d D a t a ) ; 

} 
w h i l e ( o l e d . n e x t P a g e ( ) ); 

} 
w h i l e ( n o t ( ( R e s ==1) I I (Res ==2) || (Res == 3 ) ) ) ; 

// t e r m i n a t i o n o f da t a r e c e p t i o n 
n R F . s t o p L i s t e n i n g ( ) ; 

The stages of the vehicle working as per the code is tested and the following pictures shows 

the response as per the input. 

• Stage 1: When the first button is given as the input the vehicle w i l l start to move and 

stops in the target stop 1 and it w i l l return back to the waiting area. 
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Stage 2: When the Second button is given as the input the vehicle w i l l start to move 

and stops in the target stop 2 and it w i l l return back to the waiting area. 

Figure 31: Vehicle at target stop 2 

Stage 3: When the third button is given as the input the vehicle w i l l start to move and 

stops in the target stop 3 and it w i l l return back to the waiting area. 
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Figure 32: Vehicle at target stop 3 

These are the operating codes and testing results of the A G V vehicle. The vehicle is 

as per the codes that are created while testing. 
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7. Conclusion 

In this thesis, an algorithm is created and tested successfully for a test path using the Arduino 

coding. With addition to this the wireless communication also implemented and tested for the 

different path. In this the wireless communication is designed for the centralized system type 

and need to change into industry 4.0. This thesis gives the knowledge about the purpose of 

A G V that are used in the industries and the working possibilities of A G V are learned and 

implemented. 

In this the testing of the vehicle is done with different types of path because to check whether 

the vehicle follows the path as per the codes. This trial and error method helps to improve the 

creation of codes based on the increasing of the paths and for the implementation of the 

wireless communication using N R F 2 4 L 0 1 . In this the implementation of the backward 

movement is done based on the scenario of considering that there is no possibility of turning 

of vehicle in all the direction because of the less space. So, the vehicle should follows the 

path there only in the backward motion. 

There are lot of problems that are faced during the testing process of this vehicle as 

mentioned above and this helps to learn about the problem solving ability from this. St i l l it is 

a basic prototyped A G V using the centralized system the improvements for this system is 

implementing the decentralized system which can be the advanced A G V with the 

communication between the vehicles which can deliver the materials to the work station in an 

efficient way and faster way than this type of model. This includes the communication 

system between the vehicles so there may require different paths and may be two vehicles 

can be used for the operation testing for the prototype. 
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A T T A C H M E N T S 

Zip file of the code 

Arduino.zip 


