
DEVELOPMENT OF AN AGV  FOR FOODS DELIVERY  
IN A RESTAURANT 

  
 
 

by 
  

 
 

Sao Kyaw Zeya 
 
 
 
 

A thesis submitted in partial fulfillment of the requirements for the  
degree of Master of Engineering in 

Mechatronics 
 
 
 
 

  
 Examination Committee:  Dr. Manukid Parnichkun (Chairperson) 
  Asso. Prof. Erik L.J. Bohez 
  Dr. Mongkol Ekpanyapong 
 

 
 
 
 

 Nationality: Myanmar 
 Previous Degree: Bachelor of Engineering in Electronics 
  Mandalay Technological University 
  Mandalay, Myanmar 
 
  
Scholarship Donor:Norwegian Ministry of Foreign Affairs  
  (NMFA) 

 
 
 
 
 

Asian Institute of Technology 
School of Engineering and Technology 

Thailand 
May 2015 



ii 

ACKNOWLEDGEMENTS 

First, I would like to express profound gratitude to my advisor Dr. Manukid Parnichkun 
for giving me precious advice, and supportive guidance during my thesis period and 
study at AIT. And I would like to sincerely thank to the committee members –Assoc. 
Prof. Erik L.J. Bohez and Dr. Mongkol Ekpanyapong, for supporting me with valuable 
comments and guidance while conducting thesis. 

And I would like to thank to my roommate who occasionally gave me words of 
encouragement during my difficult times and to my friends who provided me with useful 
information and advice. 

Above those, I felt much encouraged and inspired by the love and care from my parents 
and sister. Without their support and love, I wouldn’t have established such an academic 
milestone in my life. 
 

  



iii 

ABSTRACT 

The use of Automated Guided Vehicles (AGV) is becoming common in manufacturing 
industries although the use of it in public places is not much popular. In this thesis, a 
prototype of an AGV for using in a restaurant is developed and tested. The AGV is guided 
with metal track and it uses shortest path algorithm for getting itself to its destination. It 
can be modified for serving dishes to multiple places by assigning more than one 

destinations. It uses a map in which the rotation angles are stored for each junction node 
for navigation. For driving, the AGV uses two DC motors in the front and two caster 
wheels in the back. Six metal proximity sensors are installed for detecting the metal track 
and junction nodes. Two encoders installed at driving motors are used for measuring 
travelled distance and rotation angles. For controlling the AGV, a microprocessor 
ATmega2560 is used. The AGV have been tested and it can run at speed of 0.24 m/sec.  

Keywords: Automated Guided Vehicle, AGV, Shortest Path, Autonomous 
Navigation, Dijkstra’s Algorithm 

  



iv 

TABLE OF CONTENTS 
CHAPTER TITLE PAGE 

 

 

 

 

 

 

1 
 

 

 

 

2 
 

 

 

 

 

 

 

 

 

 

 
3 
 

 

 

 

 

 

 

 

4 

 

TITLE PAGE i 

ACKNOWLEDGEMENTS ii 

ABSTRACT iii 

TABLE OF CONTENTS iv 

LIST OF FIGURES vi 

LIST OF TABLES vii 

INTRODUCTION 1 

1.1 Introduction 1 

1.2 Statement of the Problem 1 

1.3 Objective 1 

1.4 Scope and Limitation of the Study 1 

LITERATURE REVIEW 3 

2.1 Type of Wheels 3 

2.2 Wheel Arrangement 4 

2.3 Guiding Technology 7 

2.4 Localization of AGV 8 

2.4.1 Localization using markers 8 

2.4.2 Using encoders 8 

2.5 Sensors for AGV 8 

2.6 Motor Selection 9 

2.7 The Use of AGV as Food Carrier in a Restaurant 10 

2.8 Sample AGV 11 

METHODOLOGY 12 

3.1 AGV Design and Dimension 12 

3.2 Hardware Implementation 12 

3.2.1 Metal Map Installation 13 

3.2.2 Metal Sensors Installation 15 

3.3 Programs for the AGV 17 

3.3.1 The shortest path Algorithm 17 

3.3.2 Database for Rotation Angles 17 

3.3.3 How the AGV Operate 18 

EXPERIMENTAL RESULTS AND DISCUSSION 21 

4.1 For the AGV to Run Faster 22 



v 

5 
 

 

 

CONCLUSION AND RECOMMENDATIONS 24 

REFERENCES 25 

APPENDIX 26 

Arduino program for controlling the AGV 26 

 

 
 

 
 

 

  



vi 

LIST OF FIGURES 

FIGURE TITLE PAGE 

Figure 1:  The four basic wheel types 4 

Figure 2: Example of localization using makers 8 

Figure 3: Magnetic Tape Tracking Sensor from RoboteQ 9 

Figure 4:  Metal Proximity Sensor 9 

Figure 5:  A simple food carrier for restaurant use 10 

Figure 6:  Toyota L-Cart AGV 11 

Figure 7:  The designed AGV model in Solidworks 12 

Figure 8: The Map for Testing 13 

Figure 9:  Aluminum Foil Tape for Metal Path 14 

Figure 10:  The Installed Route for AGV 15 

Figure 11:  Metal Proximity Sensor 15 

Figure 12:  Proximity Sensor Holder 16 

Figure 13:  Function of Proximity Sensors 16 

Figure 14:  The AGV 17 

Figure 15:  AGV Orientation Angle 18 

Figure 16:  Setting Up AGV at a Node 19 

Figure 17:  Processes for Driving the AGV 19 

Figure 18:  Adjusting Path 20 

Figure 19:  AGV going some distance at junction nodes 20 

Figure 20:  Edge sensor gets triggered 21 

Figure 21:  The sensors not aligned in parallel with metal track after some rotation 22 

Figure 22:  AGV not parallel to the metal track 22 

Figure 23:  AGV being off tracked after rotation at junction node 23 

Figure 24:  AGV is off track but parallel to the metal track 23 

 

  



vii 

   LIST OF TABLES 

TABLE TITLE PAGE 

Table 1:  Wheel configuration for rolling vehicles 5 

Table 2:  Stepping and Permanent-Magnetic DC Servomotors Compared 9 

Table 3:  Dimension of the AGV 12 

Table 4:  The Nodes and their Distances 14 

 



1 

CHAPTER 1 

INTRODUCTION 

1.1 Introduction 

An automated guided vehicle or automatic guided vehicle (AGV) is a mobile robot that 
follows markers or wires in the floor, or uses vision, magnets, or lasers for navigation. 
They are most often used in industrial applications to move materials around a 

manufacturing facility or a warehouse (WIKIPEDIA, 2014). In this project, AGV will be 
developed to carry foods and dishes in a restaurant. So, the prototype of AGV will be 
developed accordingly. 

1.2 Statement of the Problem 

There are many reasons which yield to the creation of Automated Guided Vehicle 
(AGV). Mostly the reason is to overcome the logistic problems that often occurred in the 
workplaces. Usually the AGVs are implemented in factories, hospitals, offices, houses, 
and even can be found anywhere outdoors. 

Two types of AGVs should be distinguished:  free-ranging and path-restricted vehicles. 
The  first  type  uses  dead  reckoning  and  laser  or infrared  light  equipment,  where 
the  light  is  reflected by  'mirrors'  on  the  walls  to  determine  its  position. Also  a  
grid  pattern  on  the  floor  may  be  used  for calibration.  This  is  created  by  
transponders  or magnets  or  by  a  chess  board  pattern  which  is  optically scanned.  
The  second  type  of AGV is  restricted to  a  fixed  network  path  structure  (track  
layout), guided  by induction  wires  in  the  floor, a magnetic or metallic tape or  by a  
paint  or  tape  track  on  the  floor,  that  is  optically followed. 

In this project, an AGV prototype which will carry food in restaurants will be developed 
and tested. The AGV will help the waiters release from the physical strain of carrying 
food and dishes to and from the customer tables. The AGV can also help carry more 
number of dishes than a human waiter. By using the AGVs, the strain on the workers can 
be ease as well as the restaurant’s system would be more smart and systematic. AGVs 

also capable of both cutting cost and releasing more staff hours so they can emphasize 
on working other things. Therefore it is significant that the valuable knowledge on AGV 
construction should be studied and implemented. Among the many construction methods 
and technique, the ones that is most cost-effected and the design which is suited to be 
used in a restaurant will be chosen and employed.  

1.3 Objective 

The objective of this project is to develop an AGV which can be used to carry foods and 
dishes in a restaurant. 

1.4 Scope and Limitation of the Study 

The AGV is to be tested under the following circumstances. 

1. The AGV is to be tested on an even terrain (surface). 
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2. The AGV will be guided using metallic track. 
3. AGV should be able to go reverse itself so it is more convenient for restaurant 

use. 
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CHAPTER 2 

LITERATURE REVIEW 

In constructing the AGV, first of all a prototype design needs to be developed. A defect 
in the design of the prototype may result in the process which is difficult to resolve or 
convert in the later stage. So it is important to make the right decision from the beginning. 

In developing and constructing the prototype of AGV for restaurant, four steps will 
involve. Those are designing the model of the prototype, constructing the hardware, 
developing the software and testing the model. To achieve the objectives of the project, 
the first step – designing the model is quite important. In designing the model, the 
following facts will be considered. 

1. As the AGV is designed for restaurant use, the load that it can bear will be 
less than that for the industrial use. 

2. The AGV will follow a path in carrying food and dishes. The path could be 
a magnetic, metal or color. 

3. The AGV must be able to steer in most path formation and junction angles. 
4. When confronting some obstacles on its track, the AGV will stop until the 

obstacle moves or is removed. 
5. The AGV will be powered by batteries and controlled by a microcontroller 

unit. 

2.1 Type of Wheels  

In designing the model, there are different design prototypes that can be used and they 
have their own advantages. First, the type of wheels needs to be chosen and there are four 
types of wheel available for rolling vehicles (SIEGWART & NOURBAKHSH, 2004) 
that can be applied for AGV use and they are shown in Figure 1. For AGV use, standard 
wheel and caster wheel would be most suitable with 2 degree of freedom which can make 
the AGV more controllable. 
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Figure 1: The four basic wheel types 

2.2 Wheel Arrangement 

Among many wheel configuration for AGV use, the one which uses two differential drive 
wheel in front and two caster wheels at the back will be employed. The differential drive 
wheel is place in front so that the AGV can quickly in response to the sensor readings. 
According to (SIEGWART & NOURBAKHSH, 2004), the following wheel 
configuration can be found as in Table 1. From those configurations, the ones which use 
steering wheels and differential drive for steering the AGV are applicable. 
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Table 1: Wheel configuration for rolling vehicles 
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2.3 Guiding Technology 

As there are two types of AGV – free-ranging and path-restricted, the advantages and 
disadvantages of each will be discussed. According to (Guidance/ Navigation, 2014), 
there are four guiding technology for AGV. They are  

1. Laser guided technology, in which area is mapped and stored in the vehicle’s 
computer memory and the vehicle is steered or driven by the multiple, fixed 
reference points or strips detected by the laser head mounted on the vehicle. 

2. Magnetic spot guidance technology, in which guide path is marked with 
magnetic pucks that are placed on or in the floor. The vehicle is guided by 
sensing those spots in or on the floor. 

3. Magnetic tape guidance technology, in which the vehicle is guided by the 
magnetic tape placed on the floor surface and the guide path sensor is 
mounted on the floor. 

4. Inductance guidance technology (Wire guidance), in which the guide path 
is marked by embedding a wire in the floor and the guide path sensor is 
mounted on the vehicle. 
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There is some other guiding technology as well. According to (Tape-Free, Target-Free 
Internal AGV / AGC Navigation, 2014), AGVs are guided with virtual path navigation, 
which uses a solid state initial sensor to determine AGV heading and positional 
information. AGVs can also use color or metallic line following technology for its 
guided path (WIKIPEDIA, 2014). For a restaurant use, metal or magnetic line following 
technology would be most suitable because first, the track can be easily laid without 
being visible and, it is immune to dirt (Building A Magnetic Track Guided Vehicle, n.d.). 

2.4 Localization of AGV  

2.4.1 Localization using markers 

AGV that uses magnetic strip for guidance used magnetic spot for determining its 
position, for making turns at a junction and for stopping for specific tasks – for loading, 
unloading, for speeding up and slowing down, etc. The magnetic sensor can read and 
interpret the magnetic marks and the AGV acts according to the readings from the sensors 
(Building A Magnetic Track Guided Vehicle, n.d.). An example of using magnetic 
markers is as follow. 

 

Figure 2: Example of localization using makers 

2.4.2 Using encoders  

The position of the AGV can also be determined from reading from the encoders of AGV 

wheels. The numbers of revolutions of the AGV wheels is counted to decide the distance 
covered by AGV and its position. This technology can be found in DS Automation 
(Videos, n.d.). 

2.5 Sensors for AGV 

The next thing that needs to be considered in designing the model is the sensors to track 
the magnetic or metallic path. For tracking metallic line, a metal proximity sensor can be 
used. And for following magnetic track, magnetic tape tracking sensors can be used. 
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The AGV is supposed to stop when it encounters some obstacles on its way. For 
obstacle detection, sonar or infrared sensors can be used. 

2.6 Motor Selection 

For driving the AGV, motors needs to be chosen. The most popular motors for motion 
control systems are stepping or stepper motors and permanent-magnet (PM) DC brush-
type and brushless DC servomotors. Those three types can be compared as in Table 2 
according to (Sandin, 2003). 

Table 2: Stepping and Permanent-Magnetic DC Servomotors Compared 

 Stepping PM Brush PM Brushless 
Cost Low  Medium High 
Smoothness Low  Good to Excellent Good to Excellent 
Speed range 0 – 1500 rpm 

(typical) 
0 – 6000 rpm 0 – 10,000 rpm 

Torque High – ( falls off 
with speed) 

Medium High 

Figure 3: Metal Proximity Sensor 

Figure 4: Magnetic Tape Tracking Sensor from RoboteQ 
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Require feedback None Position or 
velocity 

Commutation and 
position or velocity 

Maintenance None Yes None 
Cleanliness Excellent Brush dust Excellent 

 

2.7 The Use of AGV as Food Carrier in a Restaurant 

Although not as an AGV, some food carriers are becoming common for restaurant and 

hotel use. The nice feature is that the food, whether hot or cold, can be carried in the 
insulated carrier container which can maintain the temperature of the food. A simple food 
carrier can be seen in Figure 5 as below (60L restaurant insulated food carrier , n.d.). 

 

Figure 5: A simple food carrier for restaurant use 

For the AGV to act like a food carrier, the following should be taken into consideration.  

1. First, the AGV should park at the table at proper orientation so that it is easier to 
serve food to the customers. 

2. Second, the AGV should be able to go backward and forward or can reverse itself. 
Because sometimes the AGV have to serve food to some places which does not 
have a way to turn round. So it is important to put this into consideration. 

3.  Thirdly, it should be able to travel at decent speed. According to this page 
(Automated Guided Carts in Salt Lake City, n.d.), the Automated Guided Cart 
for industrial use has standard speed of 25m/min (0.4m/sec). So it would be 
reasonable that the speed of the AGV achieves the speed as nearly as this. 

4. The last thing that should be considered is the AGV should stop when detecting 
obstacles and choose new route if necessary. Because, in a restaurant, there will 
be people around and there could be more than one AGV being used, so it is 
important for the AGV to stop when confronting them. 
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2.8 Sample AGV 

The wheel configuration like cart like AGV like L-Cart AGV from Toyota (L-Cart, 2014) 
could be applied to AGV for restaurant use. L-Cart uses magnetic tape for its guidance 
and it uses differential steering. It has direct drive features which means it requires no 
chain to repair and replace. And it includes electromagnetic brake system. The figure of 
L-Cart is as follow. It uses four caster wheels with driving wheels in the center of the 
vehicle. 

 

Figure 6: Toyota L-Cart AGV  
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CHAPTER 3 

METHODOLOGY 

The implementation of the project will be conducted in four stages – designing, 
hardware implementation, software implementation and testing. In designing the 
AGV, it should be able to reverse itself so that it can serve to places where there is limited 
space in a restaurant. And the AGV will use metallic route for its guidance. The following 
is the designed prototype of AGV. For metal track, aluminum foil tape as shown in Figure 
9 will be used and the metal path has a width of 50mm. 

3.1 AGV Design and Dimension 

The front two wheels of the AGV are differential type and the back two are caster wheels. 
The six sensors are place in front of the AGV so that the differential drive wheels can 
respond quickly in accordance with sensor reading. The dimension of the AGV and some 
other specifications are as follow. 

Table 3: Dimension of the AGV 

No Descriptions No UOM 

1 AGV length 660 mm 

2 AGV width 500 mm 

3 Drive wheel diameter 150 mm 

4 RPM of motors 100 rpm 

 

 

Figure 7: The designed AGV model in Solidworks 

3.2 Hardware Implementation 

For controlling the AGV, Arduino Mega 2560 is used because many inputs and outputs 
are required for the operation. It is also equipped with an LCD and keypad for user 
interface. It has two encoders attached to both of the differential drive wheels and uses 
Pololu motor drivers. The Arduino codes for AGV control is attached at the appendix.  
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 3.2.1 Metal Map Installation  

A map with 11 nodes has been created as in Figure 8 for testing the shortest path 
algorithm. The junctions and turning points are regarded as nodes and they are named 
node A to K.  

 

Figure 8: The Map for Testing  

The above map is represented as a cost matrix as follow. The matrix can be interpreted 
as in the following Table 4. In the table,a high value – 999 is used to represent the distance 
between two nodes which do not connected to each other. 
 

����� ���� =  {0,2,999,2,999,999,999,999,999,999,999; 

2,0,3,999,2,999,999,999,999,999,999; 

999,3,0,999,999,2,999,999,999,999,999; 

2,999,999,0,2,999,999,999,4,999,999; 

999,2,999,2,0,3,2.3,999,999,999,999; 

999,999,2,999,3,0,999,2.3,999,999,999; 

999,999,999,999,2.3,999,0,3,999,2,999; 

999,999,999,999,999,2.3,3,0,999,999,1.7; 

Reference axis 

Note: 
Node A is 0 

Node B is 1 

Node C is 2 

Node D is 3 

Node E is 4 

Node F is 5 

Node G is 6  
Node H is 7 

Node I is 8 

Node J is 9 

Node K is 10 
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999,999,999,4,999,999,999,999,0,3,999; 

999,999,999,999,999,999,2,999,3,0,2; 

999,999,999,999,999,999,999,1.7,999,2,0; } 

 

Table 4: The Nodes and their Distances 

  A B C D  E F G H I J K 

A 0 2 999 2 999 999 999 999 999 999 999 

B 2 0 3 999 2 999 999 999 999 999 999 

C 999 3 0 999 999 2 999 999 999 999 999 

D 2 999 999 0 2 999 999 999 4 999 999 

E 999 2 999 2 0 3 2.3 999 999 999 999 

F 999 999 2 999 3 0 999 2.3 999 999 999 

G 999 999 999 999 2.3 999 0 3 999 2 999 

H 999 999 999 999 999 2.3 3 0 999 999 1.7 

I 999 999 999 4 999 999 999 999 0 3 999 

J 999 999 999 999 999 999 2 999 3 0 2 

K 999 999 999 999 999 999 999 1.7 999 2 0 

 

Figure 9: Aluminum Foil Tape for Metal Path 
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3.2.2 Metal Sensors Installation 
For detecting the metallic path, metal proximity sensors as in Figure 11 are used. The 
model of the inductive proximity sensor is LJ18A3-5-Z/BX and it can detect up to 5mm 
in distance. Six proximity sensors are installed as shown in Figure 12 for AGV use.  

Figure 11: Metal Proximity Sensor 

Figure 10: The Installed Route for AGV 
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Figure 12: Proximity Sensor Holder 

 

Mid 
Sensors

Back 
Sensors

Edge 
Sensor

Edge 
Sensor

 

Figure 13: Function of Proximity Sensors 

The metal proximity sensors are grouped into three according to their intended functions 
as shown in Figure 13. The edge sensors are used for detecting node or junction points; 
the mid sensors for detecting whether the AGV is on track and the back sensors are for 
steering the AGV back to the track. The finally constructed AGV is as follow. 
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Figure 14: The AGV 

3.3 Programs for the AGV 

3.3.1 The shortest path Algorithm 

Dijkstra’s algorithm is used for searching the shortest path for the AGV. According to 
the page (Introduction to A*, 2015), it is guaranteed to get the shortest path by using 
Dijkstra’s algorithm. Dijkstra’s Algorithm is similar to A* (A-start) Algorithm but it does 
not use heuristic (estimate distance) in calculating a shortest path. However, it is slower 
than A* because it explores every neighboring nodes while looking for its destination. 
And the processes in Dijkstra’s algorithm is as follow. 

1. All the nodes are assigned with tentative distance values – 0 for the source node 
and infinity here 999 to any other nodes. 

2. All nodes are marked unvisited. The source node (initial node) is marked as 
current. A set of unvisited nodes has been created. 

3. From the selected initial node, the tentative distances to the nearby nodes have 
been calculated. Update the distance value if smaller distance is calculated.  

4. All the neighboring nodes of the current selected node are marked as visited. 
Visited nodes will not be checked again. 

5. Stop if the target node if found. 
6. If not, find the neighboring node with the smallest distance value and choose it 

as current node. Go back to process no 3. 

3.3.2 Database for Rotation Angles 

Every nodes has its turning angle and they are represented in structure format as follow. 
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����� ������ �����ℎ �����ℎ��[11] = { 
{{′�′, ′�′}, {90,0}}, 
{{′�′, ′�′, ′�′}, {180,0,90}}, 
{{′�′, ′�′}, {180,90}}, 
{{′�′, ′�′, ′�′}, {−90,0,90}}, 
{{′�′, ′�′, ′�′, ′�′}, {−90,0,90,180}}, 
{{′�′, ′�′, ′�′}, {−90,90,180}}, 
{{′�′, ′�′, ′�′}, {−90,0,60}}, 
{{′�′, ′�′, ′�′}, {−90,90,180}}, 
{{′�′, ′�′}, {−90,0}}, 
{{′�′, ′�′, ′�′}, {−120,0,180}}, 
{{′�′, ′�′}, {−90,180}}}; 

The angles are measured with respect to the reference axis as shown in Figure 15. The 
plus (+) sign represents counter clockwise measure and minus (-) clockwise measure. 
The angles must be within the range of 0 to 180. 

3.3.3 How the AGV Operate 

First of all, the AGV has to be put on metal track as shown in Figure 16 with its rotation 
axis on one of a node, which is a source. Then, the user has to input source, AGV 
orientation angle with respect to the reference frame and destination using LCD and 
keyboard interface. The orientation angle can be (0 to 359 degree) and is the angle 
between reference axis and AGV heading as shown in Figure 15. In figure 8, nodes from 
A to K are represented by 0 to 10, which the user has to enter. After the input process, 
the AGV will rotate itself, if necessary, and drive to the destination with a shortest path 
chosen. After arriving the destination point, another destination can be assigned without 
having to add source node and AGV orientation angle. The process of driving the AGV 
is show in Figure 17. 

 

Figure 15: AGV Orientation Angle 
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Figure 16: Setting Up AGV at a Node 
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Figure 17: Processes for Driving the AGV 

After accepting inputs from user, the shortest path is calculated and it is in the form of 

an array.  For example for a shortest path –  ���ℎ = [������], the path is process by 
each segment – [AB], [BE], [EG], [GJ] and [JK]. Then it retrieves rotation angle for each 
segment, rotate and translate until the AGV arrives to the target node. When it arrives 
the target, it request another destination to process. Figure 18 shows how AGV adjust its 
path after each rotation at node points. After that it translates with its standard speed. 
When it detects a node point, it goes some distance until the AGV rotation axis point is 
on the node so that it can be ready for another rotation as shown in Figure 19.  
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 Figure 19: AGV going some distance at junction nodes 

  

AGV Metal track 

Figure 18: Adjusting Path 
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CHAPTER 4 

EXPERIMENTAL RESULTS AND DISCUSSION 

The AGV has been tested several times and in some test cases, it gets off-tracked making 
the AGV unable to get back on track. The problems come from the fact that the two edge 
sensors which is used to detect junction nodes get triggered when the AGV travels or 
adjust its path or make some rotations as shown in Figure 20. So as the result, the AGV 
assumes that it reaches a node point and act accordingly. 

Proximity 
Sensors

Metal 
Track

 

Figure 20: Edge sensor gets triggered 

The above problem is due to the fact that the edge sensors are near to the center and it 
can be solved by placing them a little far from other sensors so the AGV has enough time 
to respond to sensor reading and get on track without being interrupted by node (or) 
junction sensing sensors. 

Another issue to discuss is also concerned with the position of the sensors after turning. 
After some AGV rotation, sometimes the proximity sensors are not only off-tracked but 
also a little slanted in angle as show in Figure 21. So in this case, if the AGV adjusts 

itself parallel to the metal path with high speed, it often gets out of track. The inaccuracy 
the degree of AGV rotation is partly due to the fact that the two encoders installed is low 
in resolution which is only 24 pulse per revolution. So, to get the AGV parallel to the 
metal track, there could be some measures that can be taken. The first one is to use 
encoders with better resolution. A better solution could be the use of a digital compass 
with its absolute information about the orientation of the AGV. Although, the use of it 
can reduce the orientation error caused by encoders and other factors, magnetic compass 
are more reliable in open area than indoor use. It should not be installed near other 
magnetic field and metallic structures. (Jones, Seiger, & Flynn, 1998)  
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Proximity 
Sensors

Metal 
Track

 

Figure 21: The sensors not aligned in parallel with metal track after some rotation 

 

Metal track

 

Figure 22: AGV not parallel to the metal track 

 

4.1 For the AGV to Run Faster 

Here, the reasons that make the AGV slower will be analyzed. One of the reasons is 
because of the less accuracy in AGV rotation it has to take at junction points as shown 
in Figure 21 and 22. Because of lower resolution of the AGV encoder, sometimes the 
AGV under or over rotates at junction nodes. So if the AGV is not properly aligned to 
the metal track it need to adjust itself first so that it is parallel to the metal track before it 
can accelerate. If it accelerate without getting itself parallel to the track, it can get off 
track easily. So in this case, the AGV has to get itself parallel to the track at slow speed. 
However, if the AGV can make its turnings almost accurately junction points, even if it 
is a little off track as in Figure 23 and 24, it can start accelerate to its standard speed while 
getting itself on to the track by providing some bias speed to one of its differential wheels. 
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Proximity 
Sensors
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Figure 23: AGV being off tracked after rotation at junction node 

 

AGV

Metal track

 

Figure 24: AGV is off track but parallel to the metal track 

So it is important that the AGV is parallel to the metal track after every rotation. To 
achieve this, the following actions can be taken. One is to install encoder with higher 
resolution. Another solution could be installing a digital compass so the AGV can use 
its absolute information to get parallel or nearly parallel to the metal track. 
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CHAPTER 5 

CONCLUSION AND RECOMMENDATIONS 

After running several tests, it is found out that the AGV can successfully run to its 
destination nodes 7 out of ten tests and it can achieve 0.24 m/sec. Any speed faster than 
this could result in getting the AGV off track or it could have some wobbling effects 
when it translates. 

Finally, it can be concluded that the project is successful from the perspective that it can 
travel autonomously to its destinations with the shortest path calculated by itself with the 
ability to choose its rotation angles at junction points. Upon achieving this, the prototype 

can be modified or improved according to the need of the users like setting multiple 
destination points or improved by adding more control like PID so it can travel at constant 
speed when carrying different amount of loads. Or more function like obstacle detection 
system can be added to be able not to collide on its way.  
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APPENDIX 

Arduino program for controlling the AGV  

#include "Arduino.h" 
#include <PWM.h> 
#include <math.h> // this is uses to call tangent function 
#include "Keypad.h" 
#include "Wire.h" // for I2C LCD 
#include <LiquidCrystal.h>// for I2C bus LCD module  
 
////////////////////////////For Shortest Path Algorithm/////////////////////////////////// 
 
#define N 11 
#define IN 999 
#define CW 1 
#define CCW 0 
 
 
////////////////////////defining sensors////////////////////// 
/* 
Sensor1 - 32 (FL) 
Sensor2 - 33 (ER) 
Sensor3 - 34 (EL) 
Sensor4 - 35 (FR) 
Sensor5 - 36 (ML) 
Sensor6 - 37 (MR) 
 
*/ 
 
// Define sensors for Edge, Middle and Front sensors 
#define Sensor_EL 34 
#define Sensor_BL 36 
#define Sensor_ML 32 
#define Sensor_MR 35 
#define Sensor_BR 37 
#define Sensor_ER 33 
 
/////////////////////////////////////////////////////// 
 
#include <Wire.h> 
 
//////////////////////////////////////////////////////////////////////////////////// 
int Source = -1, Des =-1,Ang=-1, co=0; 
float Seg_Dis=-1; 
 int Ang_To_Turn; 
 int AGV_Ang; 
 int Src; 
 float Degree; 
 char path[N]; 
 char S,D; 
 int dir; 
 
 
float cost[N][N] ={{0,2,999,2,999,999,999,999,999,999,999}, 
        {2,0,3,999,2,999,999,999,999,999,999}, 
        {999,3,0,999,999,2,999,999,999,999,999}, 
        {2,999,999,0,2,999,999,999,4,999,999}, 
        {999,2,999,2,0,3,2.3,999,999,999,999}, 
        {999,999,2,999,3,0,999,2.3,999,999,999}, 
  {999,999,999,999,2.3,999,0,3,999,2,999}, 
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  {999,999,999,999,999,2.3,3,0,999,999,1.7}, 
  {999,999,999,4,999,999,999,999,0,3,999}, 
  {999,999,999,999,999,999,2,999,3,0,2}, 
  {999,999,999,999,999,999,999,1.7,999,2,0}}; 
 
///////////////////////////////Angle Database//////////////////////////////////////////// 
struct Branch  { 
               char Branch_Name[4]; 
               int Angle[4];  
                }; 
                 
const struct Branch Branches[11]={ 
 {{'D','B'},{90,0}}, 
 {{'A','C','E'},{180,0,90}}, 
 {{'B','F'},{180,90}}, 
 {{'A','E','I'},{-90,0,90}}, 
 {{'B','F','G','D'},{-90,0,90,180}}, 
 {{'C','H','E'},{-90,90,180}}, 
 {{'E','H','J'},{-90,0,60}}, 
 {{'F','K','G'},{-90,90,180}}, 
 {{'D','J'},{-90,0}}, 
 {{'G','K','I'},{-120,0,180}}, 
 {{'H','J'},{-90,180}}}; 
 
 
//////////////////////////For Keypad Reading and LCD ////////////////////////////////// 
LiquidCrystal lcd(31, 30, 29, 28, 27, 26); 
 
/////////////////////////////////////LCD Part/////////////////////////////////////////// 
 
/* 
 * LCD RS pin to digital pin 12 (31) 
 * LCD Enable pin to digital pin 11 (30) 
 * LCD D4 pin to digital pin 5 (29) 
 * LCD D5 pin to digital pin 4 (28) 
 * LCD D6 pin to digital pin 3 (27) 
 * LCD D7 pin to digital pin 2 (26) 
 * LCD R/W pin to ground 
 * 10K resistor: 
 * ends to +5V and ground 
 * wiper to LCD VO pin (pin 3) 
    */ 
// keypad type definition 
const byte ROWS = 4; //four rows 
const byte COLS = 3; //three columns 
char keys[ROWS][COLS] = 
 {{'1','2','3'}, 
  {'4','5','6'}, 
  {'7','8','9'}, 
  {'*','0','#'}}; 
/* row pins 5,4,3,2 => 39, 38, 37, 36 
   column pins 8,7,6 => 41, 40, 39 
*/ 
byte rowPins[ROWS] = { 
  41, 40, 39, 38}; //connect to the row pinouts of the keypad 
byte colPins[COLS] = { 
  44, 43, 42}; // connect to the column pinouts of the keypad 
 
Keypad keypad = Keypad( makeKeymap(keys), rowPins, colPins, ROWS, COLS ); 
char InputSource[3]; 
char InputDes[2]; 
char InputAng[3]; 
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int n=0; 
int m=0; 
int k=0; 
 
int  _Angle; 
int T_Speed; 
int p,Count; 
int mode; 
// The six metal proximity sensors 
boolean EL_Sensor; 
boolean ER_Sensor; 
boolean ML_Sensor; 
boolean MR_Sensor; 
boolean BR_Sensor; 
boolean BL_Sensor; 
 
 
////////////////////////////////////////////////////////////////// 
 
const int M1PWM = 11; 
const int M1DIR = 53; 
const int M1FB = A0; 
const int D2 = 51; 
const int SF = 50; 
const int M2FB = A1; 
const int M2DIR = 52; 
const int M2PWM = 12; 
const int FORWARD = LOW; 
const int REVERSE = HIGH; 
int sign[2] = {1,1}; 
 
////////////////////////Encoder Part /////////////////////////////////////////// 
 
int LHits; 
int RHits; 
int LHits_Old; 
int LEncoderPin = 2; 
int REncoderPin = 3; 
 
 
////////////////////////The flags are used in counter turning to adjust the 
path/////////////// 
volatile int T_flag1=0; 
volatile int T_flag2=0; 
  
void setup(){ 
  
mode = 1; 
 
   
  ///////////////////////////////////////Variable Initialization//////////////////////////// 
  Ang_To_Turn=0; 
  
  RHits=0; 
  LHits=0; 
  LHits_Old = 0; 
  Degree =0; 
   
  //////////////////////////Sensor Setup///////////////////// 
  pinMode(Sensor_EL, INPUT); 
  pinMode(Sensor_BL, INPUT); 
  pinMode(Sensor_ML, INPUT); 
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  pinMode(Sensor_MR, INPUT); 
  pinMode(Sensor_BR, INPUT); 
  pinMode(Sensor_ER, INPUT); 
   
  
  ///////////////////////////LCD Setup/////////////////////// 
  lcd.begin(16, 2); 
  ////////////////////////////////////////////////////////// 
 
  Serial.begin(9600); 
   
  ///////////////////////////////For Controlling the 
motors///////////////////////////////////// 
  pinMode(M1PWM, OUTPUT);   
  pinMode(M1DIR, OUTPUT);   
  pinMode(D2, OUTPUT);   
  pinMode(SF, INPUT);   
  pinMode(M2PWM, OUTPUT); 
  pinMode(M2DIR, OUTPUT); 
  pinMode(M2FB,INPUT); 
  pinMode(M1FB,INPUT); 
 
 
  ///////////////////////////////////////Encoder 
Parts///////////////////////////////////////////////// 
   
  // use interrupt for counting the input pulses from encoder - interrupt 0 (pin 2) for Left 
Motor 
  // and interrupt 1 (pin 3) for Right Motor 
 pinMode(LEncoderPin,INPUT); 
 pinMode(REncoderPin,INPUT); 
  
 digitalWrite(LEncoderPin,HIGH); 
 digitalWrite(REncoderPin,HIGH); 
  
  attachInterrupt(0, LMotorCount, CHANGE); 
  attachInterrupt(1, RMotorCount, CHANGE); 
  motors_onoff(HIGH); 
   
  ///////////////////////////////////Set PWM Frequency/////////////////////////////// 
  InitTimersSafe(); 
  SetPinFrequency( M1PWM, 5000); //setting the frequency to 10 Hz 
  SetPinFrequency(M2PWM, 5000); 
 
} 
 
void loop () 
{ 
  
 Serial.print("mode:"); 
 Serial.println(mode); 
 Serial.print("LHits:"); 
 Serial.println(LHits); 
 Serial.print("Origin Source : "); 
 Serial.println(Src); 
  
  Serial.print("Destination (Target) : "); 
 Serial.println(Des); 
  
  Serial.print("AGV Angle: "); 
 Serial.println(Ang); 
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 Serial.print("Segment Source:"); 
 Serial.println(S); 
 Serial.print("Segment Destination"); 
 Serial.println(D); 
 Serial.print("Path: ") ; 
 Serial.println(path); 
  
/////////////////////////Read Sensors//////////////////////////// 
 EL_Sensor = digitalRead(Sensor_EL);  
 ER_Sensor  = digitalRead(Sensor_ER); 
 ML_Sensor = digitalRead(Sensor_ML); 
 MR_Sensor = digitalRead(Sensor_MR); 
 BR_Sensor = digitalRead(Sensor_BR); 
 BL_Sensor = digitalRead(Sensor_BL); 
  
  //////////////////////////////The AGV Operations are written in switch 
statement///////////////////////////// 
     switch(mode){ 
  // Accepting Source Node 
   case 1: 
   { 
  Serial.println("In Mode 1"); 
   char key = keypad.getKey(); 
   lcd.setCursor(0,0); // Setting the cursor at the 1st col, 1st row 
   lcd.print("Enter Source"); 
   if(key!=NO_KEY){ 
    lcd.setCursor(n,1); 
    InputSource[n]=key; 
    lcd.print(key); 
    n++; 
    if(key=='#'){ 
     if(n==3){ 
      Src=(InputSource[0]-48)*10+InputSource[1]-48; 
      lcd.clear(); 
     } else if(n==2) 
     { 
      Src=InputSource[0]-48; 
     } 
      
     lcd.clear(); 
     // lcd.setCursor 
     lcd.print(Src); 
     n=0; 
     mode=2; 
          } 
     } 
                 } 
   break; 
    
   // Accepting AGV orientation angle 
  case 2: 
   
  { 
  Serial.println("In mode 2"); 
        char key = keypad.getKey(); 
        lcd.setCursor(0,0); // Setting the cursor at the 1st col, 1st row 
        lcd.print("Enter Angle"); 
     if(key!=NO_KEY){ 
       lcd.setCursor(k,1); 
   lcd.print(key); 
   InputAng[k]=key; 
   k++; 
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   if(key=='#'){ 
    if(k==4){ 
     Ang=(InputAng[0]-48)*100+(InputAng[1]-48)*10+InputAng[2]-
48; 
    }else if(k==3) 
    { 
      
     Ang=(InputAng[0]-48)*10+InputAng[1]-48; 
    }else if(k==2) 
    { 
     Ang=InputAng[0]-48; 
    } 
    lcd.clear(); 
    lcd.setCursor(0,1); 
    // lcd.print("Thank you"); 
    mode=3; 
     
    Serial.println("Angle:"); 
    Serial.println(Ang); 
    k=0; 
    } 
       } 
                            } 
   break; 
  // Accepting Target (Destination ) node  
  case 3: 
  { 
  // The AGV won't move unless the destination is entered 
  Serial.println("In mode 3"); 
  brake(); 
  char key = keypad.getKey(); 
  lcd.setCursor(0,0); // Setting the cursor at the 1st col, 1st row 
  lcd.print("Enter Dest"); 
  if(key!=NO_KEY){ 
   lcd.setCursor(m,1); 
   lcd.print(key); 
   InputDes[m]=key; 
   m++; 
   if(key=='#'){ 
    if(m==3){ 
     Des=(InputDes[0]-48)*10+InputDes[1]-48; 
     lcd.clear(); 
    }else if(m==2) 
    { 
     lcd.clear(); 
     Des=InputDes[0]-48; 
    } 
     
    lcd.clear(); 
    lcd.print(Des); 
    m=0; 
    mode=4; 
   } 
  } 
  } 
  break; 
  // Calculating the shortest path 
  case 4: 
  { 
  Serial.println("In Mode 4"); 
   co = dijsktra(cost,Src,Des); // from here the total distance co and the path 
("path") will be obtained 
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   mode= 5; 
   } 
  break; 
   
  case 5: 
  { 
  brake(); 
 
  Serial.println("In Mode 5"); 
  S=path[p]; 
  D=path[p+1]; 
   
  Serial.print("Start: "); 
  Serial.println(S); 
  Serial.print("Des: "); 
  Serial.println(D); 
   
  Ang_To_Turn= Turning_Angle(S, D, Ang);// This one is for AGV to turn 
 
  // Seg_Dis=cost[S-65][D-65]; // This one is for AGV to travel one segment 
  // Reset to make sure 
  LHits=0; 
  RHits=0; 
  mode=6; 
  } 
  break; 
  // Rotating the AGV 
  case 6: 
  { 
  Serial.println("In Mode 6"); 
  //  AGV rotation 
  int T; 
  //Ang_To_Turn=-90; 
  Degree=Ang_To_Turn; 
  //This one will be called once; Need_Updated will become true in next 
  //mode. 
  Serial.print("Angle to turn - "); 
  Serial.println(Degree); 
 
   
  if (Degree==0){ 
   // Reset to make sure 
   LHits=0; 
   RHits=0; 
   mode=7; 
   break; 
  } 
 
  dir= get_sign(Degree); 
  if(dir==0){ 
   Degree=Degree*-1; 
  } 
   
  T = Degree*66/360; 
   
  switch(dir){ 
   case 1: 
    
   digitalWrite(M1DIR, 1); //Rotate CCW 
   digitalWrite(M2DIR, 0); 
   break; 
   case 0: 
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   digitalWrite(M1DIR, 0); //Rotate CW 
   digitalWrite(M2DIR, 1); 
   break; 
  } 
   
  pwmWrite(M1PWM, 35); 
  pwmWrite(M2PWM, 35-1); 
  //analogWrite(M1PWM,30); 
  //analogWrite(M2PWM,30); 
  Serial.println("In Rotation Function"); 
  Serial.print("LHits"); 
  Serial.println(LHits); 
  Serial.print("RHits"); 
  Serial.println(RHits); 
   
  if (LHits>T) 
  { 
   if(ML_Sensor==0||MR_Sensor==0||BL_Sensor==0||BR_Sensor){ 
    brake(); 
    LHits=0; 
    RHits=0; 
    mode=7;} 
   }else{   
    pwmWrite(M1PWM, 30); 
    pwmWrite(M2PWM, 30-1);} 
   
  } 
  break; 
  // Calculate the next rotation angle 
  case 7: 
         { 
   Serial.println("in mode 7"); 
   //Update_angle is called whenever the AGV rotate so as to know it's ref 
Angle. 
   AGV_Ang= update_angle(Ang,Ang_To_Turn); 
   Ang=AGV_Ang; 
   Serial.print("AGV Angle - "); 
   Serial.println(AGV_Ang); 
   // Reset to make sure 
   LHits=0; 
   RHits=0; 
   mode = 8;  
   Serial.println("In Mode 7"); 
  } 
  break; 
  // Adjusting the AGV path 
  case 8: 
  { 
   
   if(EL_Sensor==HIGH||BL_Sensor==HIGH){ 
    //Turning Left 
    pwmWrite(M1PWM, 45);// 
    pwmWrite(M2PWM, 35-1); // 1 is the bias 
   //  analogWrite(M1PWM, 50); 
   //  analogWrite(M2PWM, 40); 
    T_flag1=1; 
   } 
   if(ER_Sensor==HIGH||BR_Sensor==HIGH){ 
     
    pwmWrite(M1PWM, 35); 
    pwmWrite(M2PWM, 45-1); 
   //  analogWrite(M1PWM, 40); 
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   //  analogWrite(M2PWM, 50); 
    T_flag2=1; 
   } 
   // If both of the middle sensors are HIGH, go to mode 1; 
 
   if(MR_Sensor==HIGH&&ML_Sensor==HIGH){ 
    LHits_Old= LHits; 
    LHits=0; 
    RHits=0; 
    mode=9; 
   } 
                  } 
   break; 
    
   // Adjusting AGV path (counter turning) 
   case 9: 
          { 
   Serial.println("In Mode 8"); 
   if(T_flag1==1){ 
    pwmWrite(M1PWM, 35); 
    pwmWrite(M2PWM, 45-1); 
   // analogWrite(M1PWM, 40); 
   // analogWrite(M2PWM, 50); 
   } 
   if(T_flag2==1){ 
    pwmWrite(M1PWM, 45);// 
    pwmWrite(M2PWM, 35-1); 
   // analogWrite(M1PWM, 50); 
   // analogWrite(M2PWM, 40); 
   } 
   if(T_flag2==0||T_flag1==0){ 
    /* 
    if(ML_Sensor=HIGH){ 
    pwmWrite(M1PWM, 50);// 
    pwmWrite(M2PWM, 40-1); 
    } 
    if(MR_Sensor==HIGH) 
    { 
    pwmWrite(M1PWM, 40);// 
    pwmWrite(M2PWM, 50-1); 
    } 
    if(MR_Sensor==HIGH&&ML_Sensor==HIGH) 
    { 
       LHits_Old=0; 
       LHits=0; 
       RHits=0; 
       mode=10; 
       break;   
    } 
     
   */ 
      LHits_Old=0; 
      LHits=0; 
      RHits=0; 
      mode=10; 
      break; 
   } 
   if(LHits>LHits_Old/2.5){ 
     
    LHits=0; 
    RHits=0; 
    LHits_Old=0; 
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    T_flag1=0; 
    T_flag2=0; 
    mode=10; 
   } 
         } 
   break; 
   // Translating the AGV 
   case 10: 
         { 
   
           //T_Speed is AGV Travelling Speed 
           T_Speed=80; 
           digitalWrite(M1DIR, 0);  
           digitalWrite(M2DIR, 0); 
     if(LHits<50) 
     { 
                  if(ML_Sensor==HIGH && MR_Sensor==HIGH){ 
                   pwmWrite(M1PWM, 40); 
                   pwmWrite(M2PWM, 40-1);} 
       if(BL_Sensor==HIGH){ 
       ///M1PWM is right and M2PWM is left 
        pwmWrite(M1PWM, 40); 
        pwmWrite(M2PWM, 30-1);} 
       if(BR_Sensor==HIGH){ 
        pwmWrite(M1PWM, 30); 
        pwmWrite(M2PWM, 40-1); 
   } 
 
       } 
  
       else if(LHits>=50){ 
    
   if(ML_Sensor==HIGH && MR_Sensor==HIGH){ 
    pwmWrite(M1PWM, T_Speed); 
    pwmWrite(M2PWM, T_Speed-2);} 
 
  if(BL_Sensor==HIGH){ 
          ///M1PWM is right and M2PWM is left 
    pwmWrite(M1PWM, T_Speed); 
    pwmWrite(M2PWM, T_Speed-14-2);} 
 
  if(BR_Sensor==HIGH){ 
    pwmWrite(M1PWM, T_Speed-14); 
    pwmWrite(M2PWM, T_Speed-2);} 
     
        if(EL_Sensor==HIGH||ER_Sensor==HIGH){ 
        mode=11; 
 //  NoPathSeg=true; 
        RHits=0; 
        LHits=0; 
  } 
         
        if(MR_Sensor==LOW&&ML_Sensor==LOW){ 
     
           brake(); 
        } 
                } 
       } 
       break; 
    // On detecting a node, the AGV will go an distance 
    // so that its rotation point is on a node 
    case 11: 
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          { 
          digitalWrite(M1DIR, 0); 
          digitalWrite(M2DIR, 0); 
           
     pwmWrite(M1PWM, 30); 
     pwmWrite(M2PWM, 30-1); 
 
 
          if( LHits>6){ 
           brake(); 
           RHits=0; 
           LHits=0; 
         //  NoPathSeg=true; 
           mode=12; // must go to rotation 
     } 
    } 
          break; 
  // Check if destination is reached 
  // if reached, go to case 3 to ask for another destination 
  // if not, go to case 5 
  case 12: 
  { 
      p++; 
      if (p==Count-1){ 
      //NoDes=true; 
      mode=3; 
      Src=D-65; 
                        p=0; 
      break; 
         } 
   mode=5; 
    } 
  break;  
    
  } 
    
}   
   
 
void LMotorCount() 
{ 
 LHits++; 
} 
void RMotorCount() 
{ 
 RHits++; 
} 
 
void run_motors(int left_dir, int right_dir, int right_speed, int left_speed) 
{ 
  digitalWrite(M1DIR, right_dir); 
  digitalWrite(M2DIR, left_dir); 
  pwmWrite(M1PWM, right_speed); 
   pwmWrite(M2PWM, left_speed); 
 // analogWrite(M1PWM, right_speed); 
 // analogWrite(M2PWM, left_speed); 
} 
 
 void motors_onoff(int on_off)  //HIGH = on, LOW = off 
{ 
  digitalWrite(D2, on_off); 
} 
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void brake() 
{ 
  run_motors(LOW, LOW, 0, 0); 
} 
 
void getMCurrentMilliamps() 
{ 
  // 5V / 1024 ADC counts / 525 mV per A = 9 mA per count 
  Serial.println( analogRead(M1FB) * 9); 
  Serial.println (analogRead(M2FB)*9); 
} 
 
 
int get_sign(float val) 
{ 
  if(val>0.0) 
  return 1; 
  else return 0; 
} 
 
 
int dijsktra(float cost[N][N],int source,int target) 
{ 
 float dist[N],prev[N],min,d; 
 int selected[N]={0},i,m,start,j; 
  
 for(i=0;i< N;i++) 
 { 
  dist[i] = IN; 
  prev[i] = -1; 
 } 
 start = source; 
 selected[start]=1; 
 dist[start] = 0; 
 while(selected[target] ==0) 
 { 
  min = IN; 
  m = 0; 
  for(i=0;i< N;i++) 
  { 
   d = dist[start] +cost[start][i]; 
   if(d< dist[i]&&selected[i]==0) 
   { 
    dist[i] = d; 
    prev[i] = start; 
   } 
   if(min>dist[i] && selected[i]==0) 
   { 
    min = dist[i]; 
    m = i; 
   } 
  } 
  start = m; 
  selected[start] = 1; 
 } 
 start = target; 
 j = 0; 
 while(start != -1) 
 { 
  path[j++] = start+65; 
  //  path[j++] = '-'; 



38 

  start = prev[start]; 
 } 
 path[j]='\0'; 
 Count=j; 
 strrev(path); 
 //  lcd.clear(); 
 // lcd.print(path); 
 Serial.println(path); 
 Serial.print("j: "); 
 Serial.println(j); 
 delay(1000); 
 Serial.println(dist[target]); 
 return dist[target]; 
  
} 
 
int Turning_Angle(char C_Node, char D_Node, int C_Angle) 
{ 
  
 int Cur_Node, Des_Node, Angle; 
  
 int i=0; 
 Angle=0; 
 // Change from char to int 
 Cur_Node = C_Node-65; 
 Des_Node = D_Node-65; 
 
 for(i=0;i<5;i++){ 
  if(Branches[Cur_Node].Branch_Name[i]== D_Node){ 
   Angle=Branches[Cur_Node].Angle[i]; 
  } 
 } 
 Angle=Angle-C_Angle; 
 
 if(abs(Angle)>180){ 
  if(Angle<0) 
  Angle=360+Angle; 
  else 
  Angle=Angle-360; 
 } 
 return Angle; 
} 
 
//This function will update the angle for fetching rotation angle 
//After every rotation this angle will be updated to know the  
// absolute angle of the AGV 
// The inputs are 1. Current AGV angle with respect to reference line and 
// 2. the rotated angle 
int update_angle(int C_Ang, int R_Ang){ 
 int New_Ang; 
  
 New_Ang = C_Ang+R_Ang; 
  
 if(New_Ang>=360) 
 New_Ang = New_Ang - 360; 
  
 if(New_Ang<0) 
 New_Ang = New_Ang+360; 
  
 return New_Ang; 
 }  


