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ABSTRACT 

An Automated Guided Vehicle (AGV) is a set of cooperative driverless vehicle, used on 

manufacturing floor and coordinated by a centralized or distributed computer-based 

control system. AGVs-based Material Handling Systems (MHSs) are widely used in 

several Flexible Manufacturing Systems (FMS) installations. One of the challenge in 

MHSs is how flexible and adequate is the utilization. The key issue of the flexibility of 

MHSs is the routing system. It should be designed in a way that can be easily modified 

to become adaptable to new or replaced machines. 

 The main focus of this study is to make an AGV with the convenient materials, simple 

and applicable routing system and more importantly reducing the cost and increasing the 

flexibility. For this propose an AGV is basically modeled and designed with CATIA 

software and developed with special specifications such as producing some parts by 

milling CNC when high accuracy was necessary. Moreover the flexibility of the system 

is improved employing three more sensors which make the plan more intelligent dealing 

with multi directional guiding paths. Also benefiting from the colorful paths the flexible 

is enormously increased due to simplicity of the nature the paint to be plant or removed. 

Finally the users are able to extend components, add new machines, define them and 

specify routs for new settings without disturbing the operations in process. This thesis 

also addresses key issues involved in the design and operation of AGV-based MHSs for 

the FMS section of CAD-CAM laboratory of Mechanical Engineering Department of 

Eastern Mediterranean University. 
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ÖZ 

İmalat alanında kullanılıp, merkezi veya dağıtılmış bilgisayar tabanlı bir kontrol sistemi 

tarafından yönlendirilen, sürücüsüz yardımcı araçlara; Otomatik Yönlendirmeli Araç 

(OYA) denir. OYA tabanlı Materyal Taşıma Sistemleri (MTS), Esnek Üretim Sistemleri 

(EÜS) dahilinde sık sık kullanılmaktadır. MTSnde en önemli etkenlerden biri kullanımın 

ne kadar esnek ve yeterli olacağıdır. Esnekliğin anahtar noktası yönlendirme sistemidir. 

Yönlendirme sistemi, yeni veya yeri değiştirilmiş makinalara göre kolayca adapte 

edilebilecek şekilde dizayn edilmelidir. 

Bu çalışmanın odak noktası, elverişli malzemelerle bir OYA yapmak, basit ama 

kullanışlı bir yönlendirme sistemi üretmek ve en önemlisi maliyeti düşük tutup sistem 

esnekliğini olabildiğince yükseltmektir. Bu sebepten bir OYA CATIA programında basit 

şekilde modellenmiş, ve yüksek standartlarda hazırlanmıştır. Büyük hassasiyet gereken 

yerlerde, CNC dik işlem cihazına baş vurulmuştur. Esnekliği artırma amaçlı olarak üç ek 

sensör eklenmiş, böylece sistemin çok yönlü kılavuz yollarda daha başarılı olması 

sağlanmıştır. Kılavuz yolları renginden tanıma özelliği ile, yolun kolayca boyanıp tekrar 

silinebileceği akılda tutularak, sistem esnekliğine büyük bir katkı daha yapılmıştır. Son 

olarak, kullanıcılara bileşenleri genişletme, yeni makineler ekleme, bu makineleri 

tanımlama ve bu eklemelere göre işlemleri rahatsız etmeksizin yeni güzergah çizme 

kolaylığı sağlanmıştır. Bu tez içerisinde OYA tabanlı bir MTSnin, Doğu Akdeniz 

Üniversitesi Makine Mühendisliği Bölümü CAD-CAM laboratuvarının Esnek Üretim 

Sistemi kısmı için kurulumunda yapılması gerekenler de anlatılmaktadır. 
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Chapter 1 

1 INTRODUCTION 

Automation has become the core of modern manufacturing so much so that, no company 

is able to survive in a competitive market without automating its operations. In fact the 

term automation basically refers to the use of computer and other automated machinery 

for the execution of tasks that human labor would otherwise perform. Automation is 

used to manage systems and to control processes, thus leading to reduce the necessity of 

human intervention. 

Nowadays, manufacturers seek to implement methods of automation appropriate to their 

needs and purposes. Companies automate their activities for a variety of reasons. 

Increasing productivity is normally the main aim for companies desiring competitive 

advantages. Automation reduces human errors and improves the quality of output. Other 

reasons of automation include the presence of hazardous working environments and the 

high cost of human labor in such areas. The decision regarding automation is often 

associated with some economic and social considerations Ravazzi and Villa [1], 

Chadwick and Jones [2]. 

In order to have adequate automation, there are number of issues to be taken into the 

account. Depending on the product and area, the components of automation might be 

different, but there are some elements that must always be considered such as the field 

http://www.springerlink.com/content/?Author=Piercarlo+Ravazzi
http://www.springerlink.com/content/?Author=Agostino+Villa
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of automation, scale or size of the place that is going to be automated, and what level of 

flexibility is required. 

One of the key components of automation in a manufacturing process is the MHS. This 

system is responsible for loading, unloading, moving or generally transporting any type 

of materials (raw material, work in process, and finished good) within and out of 

manufacturing cells such as warehouses, machines and assembly lines. MHS consisted 

of different components (i.e. Conveyors, AGVs, Robots, Automated Storage and 

Retrieval system (AS/RS)). Utilization of components, either individually or from 

combination point of view, is determined by its application or pre-assigned flexibility.  

In this study, AGV is considered as the most flexible equipment of MHS. An AGV is a 

driverless transportation system used for horizontal movement of materials. On the other 

hand it is an unmanned vehicle, controlled and driven by a host computer, to carry out 

the required material movement in a manufacturing floor. AGVs can be used in both 

interior and exterior environments such as manufacturing, distribution, transshipment 

and (external) transportation areas. In manufacturing areas, AGVs are used to transport 

all types of materials related to the manufacturing process. 

Since the introduction of AGVs, there have been two methods of steering namely; close 

path and open path, which are employed based on the application, area size, cost and 

etc. 
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In the close path steering system, a line embedded or buried on the ground and a sensor 

set at the bottom of the AGV detects the line and guides the AGV to follow the line. 

There are two types of line in such systems, namely colorful line and magnetic line. The 

latter is embedded and former is buried in the ground and Color magnetic detective 

sensors are the two employed types of sensors. In such steering system the paths are 

fixed therefore frequent changes of design are not adopted in to nature of such systems. 

Consequently flexibility and changeability of design is less likely. 

Therefore open path steering system came through to cover the problems inherent in the 

former system in which there were no physical paths for AGV. However, there were 

some virtual pre-define ones on the controlling unit. Thus the paths could be changed 

without physically changing the system. In such systems there are two orthogonal lasers 

rows. Crossing these orthogonal laser lines, the workshop becomes like a grid area. 

Using grids, paths are assigned in the supervisory control. Therefore the location of the 

AGV and also the probable deviation is controlled and supervised by the supervisory 

unit. In this steering system, although the accuracy and flexibility are high, it is much 

more costly compared to the close path steering method. 

The proposed model is based on the close path system and introduces a unique 

movement for AGVs and steering model for the system. This has the main advantage of 

conventional close path method with fewer disadvantages in employing technical 

decision, making processes and heuristic algorithm for the steering system with specific 

hardware and software design. 
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In this method there is a colorful path from the initial position (home) to all of the 

stations. This path consists of a main path and three side paths, originating from the 

main path. Each side path ends to a station. And a perfect supervisory system is 

employed to control all the movements.  

The examining area of the proposed AGV is the CAD/CAM laboratory of Mechanical 

Engineering Department of Eastern Mediterranean University. It is an 

experimental/educational shop floor in which there exist an oval flexible conveyor, 

integrated with another belt conveyor and three robots of which one of them is 

considered as conveyor station. These equipments are connected to a PLC and a 

computer called host computer. There exist two milling and turning CNC machine 

which are not connected to the system and consequently are not integrated. 

The first chapter introduces the necessity of employing a FMS and advantages of using 

AGVs in those systems. It also introduces the subjective environment of the proposed 

AGV with a brief explanation of steering model. 

The second chapter will review the history and back ground and the latest improvement 

of the AGVs in some aspects. 

Chapter three will show the hardware design and all the component of the AGV. It will 

analyze of all the possible movements and also introduces some part of the software 

design dealing with hardware components. 
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Chapter four will illustrate the steering method including algorithm, dispatching rolls, 

deviation classification, deviation control, station recognition, idling and interface 

controllers. 

The fifth chapter will discuss the results and reliability of the plan graphically and 

mathematically and also provide the best adjustments and specifications for the AGV to 

reach the goals under its specific conditions. 

In the end, it is expected that all equipment should be integrated with the aid of the host 

computer of the system and the proposed AGV. 
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Chapter 2 

2 LITERATURE REVIEW 

Automatic Guided Vehicles (AGVs) have played a vital role in moving material and 

product for more than 50 years. The first AGV system was built and introduced in 1953. 

It was a modified towing tractor that was used to pull a trailer and follow an overhead 

wire in a grocery warehouse. By the late 1950's and early 1960's, towing AGVs were in 

operation in many types of factories and warehouses. 

The first big development for the AGV industry was the introduction of a unit load 

vehicle in the mid 1970s. This unit load AGVs gained widespread acceptance in the 

material handling marketplace because of their ability to serve several functions; a work 

platform, a transportation device and a link in the control and information system for the 

factory. 

Since then, AGVs have evolved into complex material handling transport vehicles 

ranging from mail handling AGVs to highly automated automatic trailer loading AGVs 

using laser and natural target navigation technologies. 

In fact the improvement of AGVs over the last decade is deeply indebted to 

development of Scheduling, Algorithm and Steering methods. The problem of 

scheduling of AGVs and the other supporting equipments has been extensively studied 
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by Basnet and Mize [3] and Rachamadugu and Stecke [4] currently providing the most 

up-to-date and comprehensive reviews in this area. 

Han and McGinnis [5] have developed a real time algorithm in which material handling 

transporters are considered. Schriber and Stecke [6] have shown how the additional 

consideration of the material handling system and limited buffers degrades the system 

performance. Sabuncuoglu and Hommertzheim [7, 8] have highlighted the importance 

of material handling and they compared several AGV dispatching rules. They have also 

shown how the buffer capacity can affect the performance of the system. Flexibility, 

which is a distinguishing feature of FMSs, has received an extensive amount of 

attention. Routing flexibility (i.e., alternative machines and processing routes) has been 

considered by Wilhelm and Shin [9], Chen and Chung [10], and Khoshnevis and Chen 

[11]. These studies have indicated that dynamic routing (i.e., a path determined 

dynamically during schedule generation) performs better than a preplanned routing. 

Rachamadugu et al. [12] have proposed a quantitative measure of sequence flexibility 

and have shown that perfect sequence Flexibility improves system performance. Similar 

observations have been made by Lin and Solberg [13]. In most work to date, tools, 

pallets/fixtures and their availability are not modeled adequately. A static allocation of 

tools is usually assumed in these studies.  

However, some researchers have considered a limited tool magazine capacity and the 

changing of tools from central tool storage [14]. One purpose of this thesis is to develop 

an algorithm that can be used to investigate the research issues discussed above. This 

algorithm should not only consider the major elements of FMSs but also generate high 
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quality schedules in a reasonable amount of time. In this thesis, the basic structure and 

characteristics of such an algorithm is described. 

Kim et al. [15] proposed a deadlock detection and prevention algorithms for AGVs. It 

was assumed that vehicles reserve grid blocks in advance to prevent collisions and 

deadlocks among AGVs. A graphic representation method, called the "reservation 

graph," was proposed to express a reservation schedule in such a form that the 

possibility of a deadlock can be easily detected. A method to detect possible deadlocks 

by using the reservation graph was suggested. 

Maxwell and Muckstadt [16] first introduced the problem of AGV flow system design. 

While their main concern is vehicle routing, they also address material flow path and 

station location design issues. The flow network they used, known as conventional 

configuration, is composed of unidirectional arcs. Gaskin and Tanchoco [17] developed 

the first integer programming model for material flow path design. Given a fixed 

network of aisles and fixed pickup and delivery stations, the model assigns direction to 

arcs to minimize the total trip distances of loaded vehicles. Goetz and Egbelu [18] 

developed an alternative model, where the station locations no longer are fixed but 

restricted to the nodes on the boundary of the cells. Sun and Tchernev [19] provide a 

comprehensive review on the models developed for conventional configuration. 

Afentakis [20] states the advantages of the loop layout as simplicity and efficiency, low 

initial and expansion costs, and product and processing flexibility. Loop layout has been 

studied by many researchers including Bartholdi and Platzman [21], Sharp and Liu [22], 

Kouvelis and Kim [23], Egbelu [24], Banerjee and Zhou [25], and Chang and Egbelu 
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[26]. Bozer and Srinivasan [27] initiate the concept of tandem configuration as a set of 

no overlapping, bidirectional loops, each with a single vehicle. 

 Another problem in steering issues is to schedule several AGVs in a non-conflicting 

manner which is a complicated real-time problem, especially when the AGV system is 

bi-directional. In fact, many conflicting situations may arise such as head-on and 

catching-up conflicts when the AGVs or the guide-paths are bidirectional and if no 

efficient control policy is used to prevent them. Several conflict-free routing strategies 

have been proposed and can be classified into two categories: 

 Predictive methods: Aim to find an optimal path for AGVs. The conflicts are 

predicted off-line, and an AGV’s route is planned to avoid collisions and 

deadlocks [28-30].  

 Reactive methods: the AGVs are not planned and the decisions are taken in a 

real-time manner according to the system state. 

These methods are based on a zone division of the guide-path and consider them as non-

sharable resources [31-33]. Predictive methods give good performance, but are not very 

robust since they do not take into account real time problems. However, reactive 

methods are very robust but the resulting performances can be poor because the 

decisions are taken by considering a very short-term time horizon [34, 35]. In this thesis 

due to specification of the whole plan (presence of only one AGV) a kind of predictive 

method is proposed. 
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In early 1990s Fuzzy logic came through to control and manipulate whole of the 

material flow in manufacturing floors. The main indication of employing this system on 

AGVs was the ability of controlling multiple AGV in a same time without collision. 

Fuzzy logic is a very useful nonlinear control method that can be used to control very 

complex models or plants, which are formidable to model. Fuzzy linguistic terms allow 

the user to incorporate the heuristic knowledge of the plant in control law synthesis. 

Lakehal et al. [36] proposes fuzzy logic control for path tracking. It is based on position 

and orientation errors with respect to the reference path. Controlling two independently 

driven wheels achieves both the Longitudinal and Lateral control of the vehicle. 

However, only simulation results are presented. Senoo et al. [37] used experimental 

results of a three wheeled mobile robot to discuss the stability of a fuzzy controller. It is 

also stated that fuzzy control was implemented in order to achieve reduction of steer 

energy, while maintaining better steer angle when compared with PI control.  

Fuzzy logic has found useful applications in control among other areas. One useful 

characteristic of a fuzzy controller is its applicability to systems with model uncertainty 

and/or unknown models. Another useful characteristic of a fuzzy logic controller is that 

it provides a framework for the incorporation of domain knowledge in terms of heuristic 

rules. 

Wuwei et al [38]. They presented the new navigation method for AGV with fuzzy neural 

network controller when in the presence of obstacles. Their AGV can avoid the dynamic 

and static obstacle and reach the target safely and reliably. 
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Wu et al. [39] used fuzzy logic control and artificial potential field (APF) for AGV 

navigation. The APF method is used to calculate the repulsive force between the vehicle 

and the closest obstacle and the attractive force generated by the goal. A fuzzy logic 

controller is used to modify the direction of the AGV in a way to avoid the obstacle.  

Lin and Wang [40] proposed a fuzzy logic controller for collision avoidance for AGV. 

They combined fuzzy logic with crisp reasoning to guide an AGV to get out of trap 

since memories of path and crisp sequence flows are handled by non-fuzzy processing. 

Their designed AGV was able to avoid collision with unknown obstacle. 

Alves and Junior [41] used a step motor to turn the direction of the ultra-sonic sensors, 

so that each sensor can substitute two or more sensors in mobile robot navigation.  

Perhaps Sugeno [42, 43] has done one of the pioneering researches in mobile robot 

navigation using fuzzy logic control. The fuzzy control rules, which he defines for the 

controller, were derived by modeling an expert driving action. He made a computer 

model of a car in microcomputer to find fuzzy rules. The speed of the designed car was 

constant; then, the control input to the car is only the angle of the steering angle 

Mehdi Yahyaei [44] has design a AGV using fuzzy logic system and a rotational ultra 

sonic sensor to steer the AGV to avoid collisions and obstacles. He also employed a 

programmable logic control (PLC) as the processor which makes the AGV to be 

ultimately fit to the industrial environments. 
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Chapter 3 

3 HARDWARE AND SOFTWARE 

The procedure of designing an AGV is a complicated process. Some issues which 

directly impact the design of the proposed AGV are listed and widely explained. These 

issues are not only hardware but also software issues. Software is not just constants in 

inputs but it is variable and outputs must be chosen to specify the design. Furthermore, 

these issues interact with each other so that each cannot be considered separately but all 

must be considered simultaneously. 

 Vehicle Hardware Design 

 Movement modeling 

 System Configuration 

 Kinematic Computation 

 Components of AGV 

 Path and Guide-path Design 

 Interaction of path and sensors 

 Path’s specifications  

 Workstation Information  

 AGV Scheduling  

 Idle-AGV positioning 

 AGV moving 
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 Stopping (deadlock resolution) 

 Software design  

 Algorithm 

 Programming 

 Interface commander 

 Battery management 

3.1 Vehicle Hardware Design 

3.1.1 Movement Modeling 

One of the most challenging parts of designing the AGV is the movement modeling. 

Movement modeling highly depends on the size of the area, expected maneuvering 

ability, position of stations and allocated path between them. Furthermore, it becomes 

much more vital if the area is small with restricted moving space so that the vehicle 

should be designed to move and make U-turns, sharp turns, curve turns and of course 

handling deviations. 

Typically, standard AGV’s are distinguished by having an axis in one rotational degree 

of freedom at the back and the front axis in two rotational degrees of freedom is to guide 

the vehicle on the arbitrary path. The most important advantages of such model are the 

accuracy and simplicity which make the plan highly applicable. However, there is a big 

disadvantage which is the weakness in maneuvering on the sharp turns. In fact in such 

models the minimum radios of the turn carve is restricted. 
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Despite of advantage of implementing standard models, another model has to be used. It 

is because of the specifications of the place for which the AGV is proposed. Due to the 

need of an AGV with the ability of any type of movement and turns, the military 

movement model is chosen. In this model there are 2 motors installed on each sides, 

connected to main controller kit. This kit receives the commands and respectively 

controls and drives each motor independently. It means that the vehicle is able to 

perform U-turn even on a point, which is the hardest and sharpest movement. Benefiting 

from this model, the vehicle is capable to perform all types of movements and turns. The 

following part will illustrate it with figures of all different capabilities of the vehicle. 

3.1.2 System Configuration 

The configuration of the vehicle forces is shown in figure 1. It is seen that the two 

sprockets in the middle of the AGV are driving wheels, which are actuated separately by 

two DC motors. So there are two trajectories of line and arc for this kind of AGV. The 

center of linking line between two driving wheels is the kinematics origin of AGV. 

 

Figure 1: Vehicle Forces 
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V= linear AGV velocity (mm/s) 

 = angular AGV velocity (rad/s) 

W = distance between two sprockets = 400mm 

Vr = velocity of right wheel (mm/s) 

Vl = velocity of left wheel (mm/s) 

3.1.3 Kinematic Computation 

In order to be able to configure the kinematic computation of the AGV, it is assumed 

that all of the belt’s wheel force is applied to a point which is at the center of each wheel 

in each side. 

Therefore for the linear movement, velocity is calculated as follows: 

   
     

 
                (2.1) 

And for the angular movement, velocity is calculated as: 

   
     

 
                 (2.2) 

Figure 2 shows how opposite rotation in motors with same speed enables the vehicle to 

rotate around its center. 
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Figure 2: Rotation in Both Sides, Different Orientation, Same Speed 
 

                   (2.3) 

   
     

 
            (2.4) 

   
     

 
  

  

 
  

 

   
        (2.5) 

Figure 3 shows no rotation in one motor and a normal rotation in the other motor, the 

vehicle turns whole at the center which is 370 mm away from the vehicle center. 
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Figure 3: Rotation Just In one side 

 

               (2.6) 

               (2.7) 

  
     

 
  

 

 
         (2.8) 

   
     

 
  

 

 
  

 

   
        (2.9) 

Figure 4 shows the same oriented rotation in the motors with various velocities: the 

vehicle turns whole of a center which can be from 370 mm away from the center to 

infinity due to various amount of variation of the speed. 
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Figure 4: Rotation in Both sides, Same Orientation, Various Speeds 

 

               (2.10) 

               (2.11) 

   
     

 
 

 

 
          (2.12) 

   
     

 
  

 

 
  

 

   
         (2.13) 

Figure 5 shows the opposite rotation in motors with variation in speed; vehicle turns 

whole of a center which can be from the center of the vehicle to 370 mm away, due to 

various amount of variation of the speed. 
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Figure 5: Rotation in Both Sides, Different Orientation, Various Speeds 
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                 (2.17) 

   
     

 
 

 

 
         (2.18) 

   
     

 
  

  

 
  

  

   
        (2.19) 

In addition, this variation of the speed is perfectly assigned with respect to the 

orientation of the turn. The big advantage of using this model is that it does not require 

too large an area for all types of the movements, turns and maneuvers. 
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3.1.4 Components of AGV 

1. Chassis 

 Base and Supports: The proposed AGV’s chassis is made of a 3 millimeter 

thick rectangular sheet metal (400×700) millimeter at the bottom, supported by 

parallel and perfectly welded (20×40) millimeter profiles at the top in order to be 

able to stand the heavy weight of the other components and the maximum 

expected load. In addition the base is surrounded by the same perpendicular 

profile to hold the covers and withstand unexpected load, collisions, anything 

unpredicted or further from the project subject and other applications
1
. 

 Two Motor Plates: On each side there is special thick plate (4×70×240) 

millimeter to hold the motors. Each plate has 4 slots one for the motor shaft in 

the middle and the remaining 3 slots, 120 degree from each other, to tight and 

adjust the motor in the right place in order to make the belt sufficiently tight. 

This part is highly accurate therefore it is produced by the CNC milling. 

 A Platform for Lifter Motor: There is one platform (8×85×85) millimeter, held 

by 4 legs wielded to the base for suspending the motor to an adequate position. 

 Electric Devices Stand: Three stands are considered at the head of the AGV for 

kits and other electric devices to be hold. 

 

                                                
1 This vehicle has one other application which is 3-D environment scanner robot. For this application 

some other components, equipments and devices are assumed, designed, manufactured and assembled. 

For the scanner, a special holder is designed to be fixed to the head of the lifter so that it stays parallel to 

the ground all the time. 

A specific control unit is assigned to control the movement in different directions and to run the scanner. 
This unit has a wireless system to receive commands from its manual controller and in addition the vehicle 

is equipped with a camera at the head for special situation. Direct eye contact and control is restricted and 

the projection is sent to the base via the wireless system so that the operator sees a wide view of the front 

side of the vehicle. 
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Figure 6 shows the chassis with all the components. 

 

Figure 6: Chassis 3D Model 
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2. DC Motor Drivers 

There are two 12V-3A DC electro motors adjusted and tighten to the motor plates on 

each side. These motors are considered to drive the AGV. Figure 7 shows the Motor 

Driver. 

 

Figure 7: DC Motor Driver 

 

3. Power Transfer System: (two sets, one for each side) 

 Driver Gear: A spur gear is fixed to the motor output axis (D: 60 W: 35 

millimeter). This gear is not only meant to transfer the power from the motor 

shaft to the driven gears, but also to keep the belt over the gear set in order to 

have continuous revolution under the load. This is done by special two fixture 

rings wielded to each side of this gear called gear guards.  

 Fixed Shafts: At the bottom of the AGV there are two shafts (D: 15, L: 430 

millimeter) parallel to the chassis with each 175 millimeter away from the center 

welded to the base. In order to be able to assemble the pinion gears on these 

shafts, the diameter is reduced using turning machining by 10 millimeter from 
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each head for 25millimeter. In this way the pinion gears are free to spin around 

the shaft with little friction.  

 Pinion Gears: There are a pair of spur gears on each side (D: 120, W: 25 

millimeter) seated on the fixed shaft with ball bearings. Consequently, these 

gears have only one rotational degree of freedom around the shaft. 

 Belts: A 120 teeth timing belt is meant to transfer the power for each side. 

Figure 8 shows the 3D model of Power Transfer System in 4 views. 

 

Figure 8: Power Transfer System 3D Model 

 

4. Lifting System 

 Telescopic Lifting Device: Due to probable varying heights of the stations, the 

AGV is predicted to be equipped to a lifting system in order to have this ability 

to adjust the height appropriate to each station. This lift consist of 3 telescopic 
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threat shafts and a gear (D=150millmeter) involutes with another gear 

(D=70millimeter), driven by a motor.  

 Lifter Motor: A12V-3A electro step motor is tighten to the pertinent platform to 

reach the height of the lifter gear. 

Figure 9 shows the 3D model of Lifting System in four views. 

 

Figure 9: Lifting System 3D Model 

 

5. Electrical components 

 Batteries: Two 12V-4A batteries are assigned to supply the required energy for 

the drivers and the main unit. These batteries are placed at the back side of the 

vehicle to balance the weight and keep it close to the center. 

 Main Unit Kit: This unit is the brain of the AGV. It has three 8Mb micro 

controllers which are meant to control all of the components for each of two 
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applications. It consists of three subsets, one processor for each, programmed 

with respect to the application requirements and expected respond. Figure 10 

shows the picture of the main unit in which three micro controllers are seen. 

 

Figure 10: Main Unit Kit 

 

I. Application Controller Set: This unit realizes the application mode 

(line follower or 3-D scanner), reads specific code sets and sends the 

commands to the pertinent subset to be processed. In addition this unit is 

connected to the communication unit which can receive and transmit 

commands and data with respect to its program. (the program is attached)  

II. Line Follower Set: This unit is connected to the sensor set and reads 

them frequently and makes decisions in processing the received data. As 

mentioned earlier, this process is done in the assigned processor which is 

programmed appropriately to the line following AGV application. This 
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program consists of three main parts: data source, decision making part 

and movement functions.(the program is available on Appendix A) 

III. 3-D Scanner Set: 

 Sensors Board: Five infrared sensors (Appendix B shows the operational 

functions) are placed in a kit at the bottom of the AGV. They are located 80 

millimeter away from the center towards the head and 10 millimeter higher than 

the ground level. These sensors emit infrared light and measure the percentage of 

reflected as a bit. Consequently, the scientific range of this number is from 0 to 

1024. Thus for the close object, this number tends to zero and for the far objects 

it tends to 1024.  In this way the distance of the object to the sensor is detected if 

and only if the abject is shiny enough. As a result for matt objects which have 

less reflection however close they are the sensor detects a kind of far distance. 

On this board the sensors are placed one in the center, meant to be always just on 

the reflecting line, two sensors each 10millimeter away from the center to the 

sides, meant to be just after the line to report the deviation from the AGV from 

the line follower controller unit and the last two sensors each 40millimeter away 

from the center to the sides, meant to report junctions of the path. The figure 11 

shows the sensor board layout, indicating the calling names and the sensors 

order. 

 

Figure 11: Sensor Board Layout 



 

27 

 Monitor: A 2 rows and 16 columns display gives the ability of reading data 

onboard. Figure 12 shows the picture of the Monitor. 

 

Figure 12: Monitor 
 

 Motor Driver Kit: This driver has power input from the batteries and output is 

divided into 127 units so that the speed is from 0 to 127. It also controls the 

polarization of outputs and provides the clockwise and counterclockwise rotation 

which leads to forward and backward linear movement. Considering the 

independent control for each side with respect to the program, the decision 

making unit or the 3-D scanner unit, the military movement model of the AGV is 

provided. (Appendix C shows the operational manual). Figure 13 shows the 

picture of Motor Driver Kit. 
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Figure 13: Motor Driver 
 

 Lifter Driver Kit: This driver has power input from the batteries and the output 

is at constant speed with the ability of polarization. This driver kit responds to 

the received command from the main unit. Therefore the clockwise and 

counterclockwise rotation of the motor and the revolution of the sure pinion gear 

and the threat shaft of the lifter provide vertical movement of the lifter shaft up 

and down. Figure 14 shows the picture of Lifter Driver Kit. 

 

Figure 14: Lifter Driver 
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 Communication Unit: Since this unit is meant to communicate with the host 

controller all the time for the both applications, it is considered as a part of the 

main unit, although this unit has no part in the making decisions. Figure 15 

shows the picture of Wireless System. (Appendix D shows the operational 

manual). 

 

Figure 15: Wireless System 

 

 Camera: For the slave application, the 3D scanner, the vehicle is equipped with 

a camera at the head for special situations which direct eye contact and control is 

not provided or is possible but with some restriction. This camera provides a 

wide view of the front side of the vehicle and transmits the projection via the 

communication unit to the base (host controller). Therefore the operator is able to 

have a clear view and appropriate control of the vehicle. Figure 16 shows the 

picture of the Camera and its components. 
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Figure 16: Camera 

 

 Switch: A switch is considered and placed at the back cover, connected to the 

electrical circuit of AGV after power supply. Therefore it turns the vehicle on 

and off. 

6. Covers 

 Front Cover: This part is designed for the front head of the vehicle. It is fixed to 

the chassis to cover and protect inner parts which are the most delicate and 

sensitive parts of the AGV. Figure 17 shows the 3D model of the Front Cover. 
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Figure 17: Front Cover 3D Model 

 

 Back Cover: This part is designed for the back head of the AGV. It covers the 

batteries and holds the On/Off switch and the communication unit antenna. In 

addition, this part is screwed tighten to the chassis supports. Figure 18 shows the 

3D model of the Back Cover. 

 

Figure 18: Back Cover 3D Model 
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3.2 Path and Guide-Path Design 

The essential capability of an AGV is the ability to transfer loads to distant locations 

through complex paths [45]. Moreover, the FMS has multiple station some in process 

which are not yet known as AGV targets, and some which awaiting loading/unloading 

known as AGV targets. 

3.2.1 Interaction of Paths and Sensors 

Each station has its own path; however this path might be partially in common with the 

other station’s path. It is assumed that as soon as the AGV is dispatched to a station, the 

pertinent guide-path is selected and followed by the AGV. Meanwhile the sensor is 

collecting path data and sending them to the line follower unit to be processed and 

driving the motors according to the path at all times. Each guide-path might consist of 

three different types of turns and of course three different approaches to always catch up 

with the line: 

I-Curve Turns: These types of turns are known as path deviation via deviation 

detector sensors on the sensor board and the guiding unit comes over them 

calling the deviation corresponding function (extended explanation in 

programming section). Figure 19 shows two pictures of Curve Turns. 

  

Figure 19: Curve Turns 
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II-Intersections: These types of turns are known as junctions. They are 

perpendicular to the first path. The guiding unit is realized via the junction 

detector sensors on the sensor board and comes over them calling the “Turn 

Left” or “Turn right” function (extended explanation in programming section). 

Figure 20 shows two pictures of Intersections. 

  

Figure 20: Intersections 

 

III-U-Turns: These types of the turns happen at the end of path (deadlock) when 

the AGV has reached the target station and the guiding unit realizes that via all 

the sensors except W3 and comes over them calling U-Turn function (extended 

explanation in programming section). Figure 21 shows the picture of U-Turn 

sign. 

 

Figure 21: U-Turn 
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3.2.2 Path’s Specifications 

As mentioned earlier (the interaction of the sensors and different colors) there are two 

colors chosen for the guide-path.  

Basis Color: This color is a matt color with very low reflection drawn on the ground 

between stations and links them together. The basic width of this line is 300mm but it 

becomes greater when it gets closer to the junctions. This is to avoid failures happening 

while turnings. In this case the sensor board may go out of the basis path and read the 

data from the marble carpet of the shop floor which makes the plan unlikely and 

unpredictable. 

Guiding Color: This color is a shiny color with high reflection drawn precisely at the 

middle of the basis path with 20 millimeter width to keep the deviation detector sensors 

exactly on its side edges. It goes between stations and ends up in a specific form. All the 

paths end up with a special T-shape without the head to provide a special opportunity for 

the guiding unit to realize the deadlocks which are meant to be the stations. Figure 22 

shows the guide path layout and the position of stations. 

 

Figure 22: Guide Path Layout 
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3.3 Work Stations Information 

Station information basically includes the height of the station and the path addressed for 

each station to the others. The information about each station is stored in the data base of 

the host controller unit. Before the AGV is dispatched to a station, this information is 

loaded to the guiding unit so that the AGV adjusts the turning priorities as well as the 

lifter height adequate to the height of the station. Moreover, for the next command the 

guiding unit uses this updated data as a reference position.  

3.4 AGV Scheduling 

The aim of AGV scheduling is to dispatch the AGV to achieve the goals for a batch of 

traveling tasks under certain conditions such as minimum lead-time and maximum 

reasonable speed within minimum deviation. The goals are normally related to the 

processing times, utilizing data resources and minimizing the AGVs traveling distance 

which leads to minimum total travel time. [46] 

A heuristic scheduling algorithm finds the end point of the late task assigns a path and 

starts a point of the next task; a list of probable tasks is predefined. Each task (either 

loading or unloading) contains three operations. 

3.4.1 Idling 

When the AGV turns on, it goes on idle mode waiting for the host computer command. 

This command might be one or more numbers implying different priorities of the 

possible path. Considering four stations (three stations and one home), there are always 

three possibilities for each station. Therefore, there are generally twelve specific routs 

between them. Each of these routes is given a code and defined by priorities in junctions 

to the right or left. 
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3.4.2 Moving 

 As soon as the AGV gets the command, it starts to move on the line with the updated 

priorities to reach the destination station. 

3.4.3 Stopping 

 When the AGV reaches the destination, it does a U-turn and turns backs on the line 

ready, on the idle mode, waiting for the next command. 

3.5 Software Design 

3.5.1 Algorithm 

The success of the AGV system is highly dependent on the quality of the logic control 

design. In other word, in order to operate an AGV system efficiently, AGVs require an 

extensive controller system. 

The responsibilities of the AGV controller include the following decisions [47]: 

 How to assign idle position till the picking up of a request? This is referred to as 

the dispatching problem. 

 Which route is to be taken to the station and from the station to the next 

destination? This is referred to the routing problem. 

 How to employ resources, guide paths and functions to avoid system deadlock 

while traveling? This is referred to as the movement control problem. 

 The next chapter discusses the challenges of applying an adequate algorithm and the 

algorithm layout.  
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3.5.2 Programming 

The next step after algorithm is to write the program according to the algorithm. Due to 

employed processors, the programming language has to be Basic. The program is 

written in three phases (Appendix A): 

 Inputs 

 Guiding section 

 Functions 

3.5.3 Interface Commander 

To simulate an integrated manufacturing shop floor, an Interface Commander is 

designed to play the role of the host computer. In real integrated FMS, it is the host 

computer which sends the commands to the AGV controlling unit with respect to the 

requirements. Since the integration is out of the subject of this thesis, this commander is 

designed to send the commands in the absence of the host computer. This interface not 

only sends the commands to the AGV but also receives all the AGV information and 

data all the time such as motors velocity, deviation, and AGV position. This data is used 

in chapter five to show the process of AGV movements and deviation corrections. 

3.6 Battery Management 

Battery management of the AGV is an issue that is not being strongly focus on but as an 

electrical vehicle is considered, battery State Of Charge (SOC) estimation becomes an 

increasingly important issue in terms of both extending the lifetime of the battery and 

displaying the usable charge to the user before recharging. However, the SOC cannot be 

measured directly, but rather must be estimated based on measurable battery parameters 

such as voltage and current. 
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Figure 23 shows picture of AGV while starting operation from Home position. 

 

Figure 23: AGV Starting Operation 
 

Figure 24 shows picture of AGV while performing a curve turn to the left. 

 

Figure 24: AGV on a curve turn to the left 
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Figure 25 shows the AGV remaining on the line after performing a curve turn to the left. 

 

Figure 25: AGV after performing a curve turn to the left 
 

Figure 26 shows the AGV facing two intersections when a decision is needed to be 

made. 

 

Figure 26: AGV having two intersections in front 
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Figure 27 shows the AGV is performing a 90 degree turn to the left while remaining on 

the line. 

 

Figure 27: AGV performing 90 degree turn to the left 
 

Figure 28 shows the AGV is performing a curve turn to the right while it remains on the 

line. 

 

Figure 28: AGV performing curve turn to the right 
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Figure 29 shows the picture of AGV just performed a curve turn heading to a station. 

 

Figure 29: AGV heading to a station 
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Chapter 4 

4 METHODOLOGY (STEERING METHOD) 

Steering systems perform several roles such as idling, dispatching, deviation and station 

recognition. In addition, a comprehensive algorithm must be written that can efficiently 

accommodate and manage the different roles to avoid conflict. 

 

Figure 30: Algorithm 
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4.1 Algorithm 

To illustrate the steering system sequences the algorithm is drawn in the figure 30. 

4.1.1 Mode Selection 

As earlier mentioned, in the decision making unit and also as it is seen from the 

algorithm, for the steering system to jump on the line follower mode (AGV), there is 

special code sent by the host controller. 

4.1.2 Initiating the Functions in Idling Mode 

This step is done just after the mode selection. In this step AGV remain in idle position 

waiting for constant and variable values to be read and set. In this position the steering 

system does not dispatch the AGV without a certain path to a certain destination. It 

keeps the AGV idle on the line, ready to get the two digit code dedicating on a certain 

path to a certain station. In this system every station’s path to the others is known by two 

digit code. Considering, four stations and three possible destinations for each, there are 

twelve paths between the four existing stations which are known by a special code. All 

of these 12 paths act like an address to the AGV giving the priorities of turn (like 

addressing a vehicle in a city with several streets). In addition, these addresses plus the 

height information of each station is stored in a data base. For instance, for the AGV to 

go from home to the first station, considering the path layout in figure 22, the AGV 

needs to turn the first junction to the right. Like wisely, from station 1 to station 3 The 

AGV needs to turn the first junction to the right and second junction to the left.  

When all the needed information for dispatching is given, the steering system changes 

the idle mode to dispatch mode. As a result the AGV moves forward and follows the line 
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to the destination station. Meanwhile, the guiding system is checking and controlling 

three possibilities all the time. 

4.1.3 Deviation 

Deviation is defined by the differentiation of W2 and W4 (deviation control sensors 

from sensors board, chapter 3 sensors board). 

Deviation = W4 – W2         (4.1) 

(Positive value represents deviation to the left and negative value represents deviation to 

the right) 

For the AGV not to deviate from the guideline and to be at a reasonable distance away 

(deviation) from it, the deviation range is classified in to eight levels. Each deviation is 

treated according to the class of the deviation. The supervisory control resets the 

velocity of left and right motor according to the class and orientation of deviation. 

Table 1 shows the classification of deviation and velocity difference. 

Table 1: Deviation Classification 

Class Deviation Range (Bytes) Velocity Difference (mm/s) 

1
st
 0< Deviation<200 0 

2
nd

 200< Deviation<300 10 

3
rd

 300< Deviation<400 20 

4
th

 400< Deviation<500 30 

5
th

 500< Deviation<600 40 

6
th

 600< Deviation<700 50 

7
th

 700< Deviation<800 60 

8
th

 800< Deviation<1024 70 
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If deviation is to the right, the Velocity Differentiation is applied directly and if 

deviation is to the left, the Velocity Differentiation is applied negatively. In the end, 

Velocity Difference affects the initial vehicle speed by a simple formula as shown 

below: 

Vr = V + Velocity Difference        (4.2) 

Vl = V – Velocity Difference        (4.3) 

However, there are two consequences that must be taken to the account which may 

change the simplicity of this formula. As mentioned in chapter three motor drivers speed 

is divided in to 127 units (from 0 to 127). It means that as earlier shown, the formula 

finds out any value out of range which is not only unacceptable for the motor driver but 

also may cause a collapse condition. Therefore, for any value less than zero, the 

direction changes from forward to backward with the absolute value and for any velocity 

more than 127(mm/s), the velocity remains 127(mm/s) and the amount of exceeded 

velocity differentiates from the opposite side to maintain the balance. Table 2 shows 

some examples of different deviation class. 

Table 2: Deviation Samples 
Deviation 

class 

indicator 

Initial Velocity 

V(mm/s) 

Velocity Difference 

(mm/s) 

Vr (mm/s) 

(V+Velocity Difference) 

Vl (mm/s) 

(V-Velocity Difference) 

1
st
 70 0 70 forward 70 forward 

4
th

 70 30 100 forward 40 forward 

7
th

 70 60 127 forward 3 forward 

8
th

 70 70 127 forward 13 backward 
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Figure 31 illustrates some of the possible deviations of sensor board from the guide line. 

 

Figure 31: Possible Deviations 
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This procedure guarantees the movement of the vehicle on the straight guide line as well 

as the curve guide line. Due to supervisory control corrections, on the straight guide line 

deviation does not exceed the first class. However, in two possible situations the 

deviation class may exceed the first level. The first possibility happens when the AGV 

starts moving on the line and it is not yet precisely on the guide line. The second 

possibility is when the AGV goes on the curve guide line in which it is highly possible 

to reach the ultimate deviation class. 

The relevant empirical result mathematically and graphically will be shown in chapter 5 

4.1.4 Junction Detection 

Junctions are detected by W1 and W5 (junction control sensors from the sensors board, 

chapter three sensors board) and the number of the detected junctions increases by one if 

they detect a junction. Whenever the number of detected junction matches the station 

address, the supervisory system turns the AGV 90 degree to the head of the station. 

4.1.5 Station Detection 

Whenever all the sensors except W3 (W1, W2, W4 and W5) see the line, it means for 

the supervisory system that the AGV has reached the destination station. Therefore, it 

performs a U-turn and stops on the line again and the mode changes to the idle and it 

again waits for another dispatching command. 

4.2 Program 

Due to processors type the Basic programming language is employed. It is consisted of 

three phases. 

In order to understand the sequence of the programming, it is provided in appendix A 

with extra explanation. 
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4.2.1 Inputs 

Inputs are divided in to two general types 

 Constants: 

To initialize the AGV position, some constant values must be defined. For example for 

the first mission, motors are set on forward mode. The constant values are: 

Initial position: Home 

Right motor: Forward 

Left motor: Forward 

Detected Junction: 0 

 Variables: 

For the Technicians to change the velocity of the AGV without changing all of related 

values the whole program is written parametrically respect to the V-value, dedicating to 

the velocity and also certain number of variables are defined for the AGV to go to 

different stations, dedicating to priorities of turns. 

4.2.2 Guiding Section 

This section is in charge of supervising the AGV situation all the time and calling the 

adequate function for each facing situation. 

4.2.3 Functions 

In this phase all of the needed functions are defined to be called to guide the AGV 

appropriate to the AGV situations. 
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Chapter 5 

                              5 OPERATION RESULTS 

Due to this fact that all of the AGV components are made by hand as well as the 

justifications and settings, the straight movement of AGV might have a functional error 

deviation from the straight line. However, the combination of the error deviation and the 

guide line deviation are always controlled and covered by the supervisory unit. 

In order to see how the supervisory treats, controls and over comes the error deviation 

angle and path deviation, the AGV is examined in two situations and four correlating 

variables (Real Deviation, Classified Deviation, Vl, Vr) in each loop of the program are 

transmitted to the host controller of the AGV and issued on a list. 

5.1 Straight Line Examination 

This examination shows how the AGV finds the path and its own precise position on the 

straight line. Table 3 shows first examination results. 
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Table 3: Straight Line Results 

Real Deviation 

(Bytes) 

Velocity 

Difference (mm/s) 

Vl 

(mm/s) 

Vr 

(mm/s) 

Section & Explanation 

-568 -40 30 110 

1                                                                                  

In this section as it is seen the 

Real Deviation is a negative 

value therefore it is classified 

according to negative and has a 

direct effect on the velocity of 

the motors. As it was supposed 

this value is added to the initial 

velocity for the left motor and 

differentiates for the right one. 

-471 -30 40 100 

-485 -30 40 100 

-539 -40 30 110 

-534 -40 30 110 

-586 -40 30 110 

-610 -50 20 120 

-622 -50 20 120 

-639 -50 20 120 

-679 -50 20 120 

-729 -60 100 127 

-732 -60 100 127 

-749 -60 100 127 

-752 -60 100 127 

-777 -60 100 127 

-759 -60 100 127 

-776 -60 100 127 

-767 -60 100 127 

-654 -50 20 120 

-497 -30 40 100 

-342 -20 50 90 

-172 0 70 70 

-86 0 70 70 

-14 0 70 70 

82 0 70 70 
2                                                                                  

In this section as it is seen the 
136 0 70 70 

210 10 80 60 
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210 10 80 60 Real Deviation is a positive 

value therefore it is classified 

according to positive and direct 

effects of the velocity of the 

motors. As it was supposed this 

value is added to the initial 

velocity for the left motor and 

differentiates for the right one. 

339 20 90 50 

309 20 90 50 

337 20 90 50 

346 20 90 50 

383 20 90 50 

457 30 100 40 

484 30 100 40 

524 40 110 30 

439 30 100 40 

192 0 70 70 

232 10 80 60 

222 10 80 60 

197 0 70 70 

172 0 70 70 

154 0 70 70 

78 0 70 70 

124 0 70 70 

84 0 70 70 

19 0 70 70 

 

To see more illustrative view of the result the following graphs have been drawn using 

the straight line examination data. 
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Figure 32 shows the deviation classification graph. 

 

Figure 32: Deviation Classification 

 

It is seen that the classification graph dies out approximately after 100 loops. It shows 

the needed loop time for the AGV to find precise position on a straight guide line. 

Moreover, it is seen that after the 100
th
 loop, the deviation is almost to the left which 

implies error deviation of the vehicle.  
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In figure 33, the graph shows the velocity variation of the left and right motor. 

 

Figure 33: Velocity Variation of the Left and Right Motor on Straight Line 

 

It is seen approximately after 100 loops the velocity variation of the left and right motors 

tend to 70 which is the specified speed for the AGV. 

5.2 Curve Line Examination 

This examination shows how the AGV finds the path and its precise position on the 

straight line. 

Table 4 shows curve line examination result. 
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Table 4: Curve Line Result 

Real Deviation 
(Bytes) 

Velocity 

Difference (mm/s) 

Vl 

(mm/s) 
Vr 

(mm/s) 

197 0 70 70 

172 0 70 70 

154 0 70 70 

78 0 70 70 

124 0 70 70 

84 0 70 70 

19 0 70 70 

-9 0 70 70 

-60 0 70 70 

-77 0 70 70 

-168 0 70 70 

-174 0 70 70 

-172 0 70 70 

-86 0 70 70 

-14 0 70 70 

82 0 70 70 

136 0 70 70 

210 10 80 60 

221 10 80 60 

250 10 80 60 

280 10 80 60 

339 20 90 50 

309 20 90 50 

337 20 90 50 

346 20 90 50 

383 20 90 50 

370 20 90 50 

390 20 90 50 

420 30 100 40 

476 30 100 40 

492 30 100 40 

498 30 100 40 

524 40 110 30 

540 40 110 30 

587 40 110 30 

612 50 120 20 

658 50 120 20 

709 60 127 7 

746 60 127 7 
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805 70 127 -13 

820 70 127 -13 

812 70 127 -13 

801 70 127 -13 

750 60 127 7 

714 60 127 7 

668 50 120 20 

632 50 120 20 

580 40 110 30 

550 40 110 30 

530 40 110 30 

480 30 100 40 

484 30 100 40 

460 30 100 40 

445 30 100 40 

373 20 90 50 

387 20 90 50 

370 20 90 50 

346 20 90 50 

339 20 90 50 

337 20 90 50 

309 20 90 50 

280 10 80 60 

250 10 80 60 

221 10 80 60 

210 10 80 60 

136 0 70 70 

82 0 70 70 

-14 0 70 70 

-86 0 70 70 

-60 0 70 70 

-17 0 70 70 

 

To see more illustrative view of curve line examination result the following graphs have 

been drawn. 
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Figure 34 shows the deviation classification graph. 

 

Figure 34: Deviation Classification 
 

It is understood from the classified deviation that after the vehicle finds the line 

deviation remains in first class till path deviation occurs. While path has been divided, 

the deviation class is high. When the deviation is getting over, the deviation graph dies 

out again. This graph perfectly shows how the AGV comes over the path deviations 

(happens in curve line) and remains on the line.  
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In figure 35, the graph shows the velocity variation of the left and right motor on curve 

line. 

 

Figure 35: Velocity Variation of Left and Right Motor on Curve Line 

 

This graph shows the normal speed of the AGV (both side same speed) before path 

deviation. When the AGV reaches the curve path, it turns respect to the turn changing 

speed balance of left and right. 
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Chapter 6 

6 CONCLUSION AND FUTURE WORKS 

An Automated guided vehicle (AGV) is defined as a set of cooperative driverless 

vehicle, which is used on manufacturing floor and coordinated by a centralized or 

distributed computer-based control system. The main usage of them as mentioned is to 

facilitate automation process of doing manufacturing subjects. In this practical research, 

according to the instructions of earlier study, an AGV have been made. Moreover a 

guide line has been provided with the mentioned specifications as shown in chapter 

three. 

The primary goal of the AGV was to travel between stations. Therefore, the designed 

AGV has been examined numerously between all of the stations. Observations proved in 

every part of the testing procedure the AGV was able to get the commands, follow the 

line, find the appropriate rout, recognize the station, stop, and report its position. 

Figures (23-29) show some pictures of the AGV while operating on different situations 

from home position to the station three. 

Secondary goal of this thesis was to increase flexibility of the AGV. This is also 

successfully provided using the simple instructions of path designing. The guide path 

specifications are shown in figures (19-21). 
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It is mentioned previously that the battery management is not an issue being strongly 

focus on in this thesis. In this respect Battery State of Charge (SOC) estimation has 

become an increasingly important issue in terms of both extending the lifetime of the 

battery and displaying the usable charge to the user before recharging of the AGV. I 

believe it can be taken to improve the performance and efficiency of AGV. This system 

can measure the needed energy to operate and finish a task and automatically compare it 

with its current battery charge. If there is not enough energy to finish the task then 

recharging will be proceed before the ordered task. The SOC cannot be measured 

directly, but rather must be estimated based on measurable battery parameters such as 

voltage and current which is offered as future work. 

The main focus of this study was to use a single AGV for all of the required material 

handling. Considering the recharging issues and hiring multiple AGVs in a same time in 

a manufacturing fool with several pallets makes the plan much more complex. In such 

plan the proposed logic is no longer applicable due to the nature of the employed 

software and hardware. In this case replacing the micro controllers by a Programmable 

Logic Controller (PLC) with higher accuracy, reliability and adaptively to other 

machines seems to be necessary as well as using a fuzzy logic appropriate to the new 

plan. 
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Appendix A 

  $regfile "m32def.dat" 
  $crystal = 8000000 
  Config Portb = Output 
 Config Lcdpin = Pin , Db4 = Portb.3 , Db5 = Portb.2 , Db6 = Portb.0 , Db7 = Portb.1 , E = Portb.4 , Rs = Portb.5 

 Config Lcd = 16 * 2 
 Config Adc = Single , Prescaler = Auto , 
 Dim W1 As Word 
 Dim W2 As Word 
 Dim W3 As Word 
 Dim W4 As Word 
 Dim W5 As Word 
Dim Channel1 As Byte 

Dim Channel2 As Byte 
Dim Channel3 As Byte 
Dim Channel4 As Byte 
Dim Channel5 As Byte 
 Channel1 = 0 
 Channel2 = 1 
 Channel3 = 2 
 Channel4 = 3 

 Channel5 = 4 
  
 Config Com1 = Dummy , Synchrone = 0 , Parity = None , Stopbits = 1 , Databits = 8 , Clockpol = 0 
'Deflcdchar 0 , 32 , 32 , 32 , 32 , 32 , 32 , 32 , 31      ' replace ? with number (0-7)$regfile "m32def.dat" 
'Deflcdchar 1 , 32 , 32 , 32 , 32 , 32 , 32 , 31 , 31      ' replace ? with number (0-7) 
'Deflcdchar 2 , 32 , 32 , 32 , 32 , 32 , 31 , 31 , 31      ' replace ? with number (0-7) $baud = 9600 
'Deflcdchar 3 , 32 , 32 , 32 , 32 , 31 , 31 , 31 , 31      ' replace ? with number (0-7) 
'Deflcdchar 4 , 32 , 32 , 32 , 31 , 31 , 31 , 31 , 31      ' replace ? with number (0-7) 

'Deflcdchar 5 , 32 , 32 , 31 , 31 , 31 , 31 , 31 , 31      ' replace ? with number (0-7) 
'Deflcdchar 6 , 32 , 31 , 31 , 31 , 31 , 31 , 31 , 31      ' replace ? with number (0-7) 
'Deflcdchar 7 , 31 , 31 , 31 , 31 , 31 , 31 , 31 , 31      ' replace ? with number (0-7) 
  
  Enable Interrupts 
 Start Adc 
 Dim A As Byte 
 Dim B As Byte 
Config Portc = Output 

  
Dim D0 As Long 
Dim D As Long 
Dim D1 As Long 
  
Dim V As Long 
Dim Vl As Long 
Dim Vr As Long 

  
Dim Mr As Long 
Dim Ml As Long 
  
Dim P As Long 
Dim Temp As Long 
Dim Delta As Long 
Dim Mlf As Word 

Dim Mlb As Word 
Dim Mrf As Word 
Dim Mrb As Word 
  
Dim Direction As Integer 
Dim Detectedjunction As Integer 
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 Main: 
   V = 70 
   D0 = 200 

   D1 = 600 
   Mrf = 137 
   Mrb = 139 
   Mlf = 141 
   Mlb = 143 
  
   Direction = 1 
   Detectedjunction = 0 

  
Mystart: 
  
   Do 
  
   Gosub Readsensors 
  '------------------------------------------------- 
  

  If W1 < D1 And Direction > 0 Then 
     Detectedjunction = Detectedjunction + 1 
     Gosub Printscreen 
     If Direction = Detectedjunction Then 
         Gosub Turnright 
         Gosub Mystart 
     End If 
  End If 
  

  If W5 < D1 And Direction < 0 Then 
     Detectedjunction = Detectedjunction - 1 
     Gosub Printscreen 
     If Direction = Detectedjunction Then 
         Gosub Turnleft 
         Gosub Mystart 
     End If 
  End If 

  
  D = W4 - W2 
  D = Abs(d) 
  
  If D < D0 Then D = 0 
  
  P = 0 
  

  If D >= 800 Then P = 70 
  If D >= 700 And D < 800 Then P = 60 
  If D >= 600 And D < 700 Then P = 50 
  If D >= 500 And D < 600 Then P = 40 
  If D >= 400 And D < 500 Then P = 30 
  If D >= 300 And D < 400 Then P = 20 
  If D >= 200 And D < 300 Then P = 10 
  

  Temp = W4 - W2 
  
  If Temp < 0 Then P = P * -1 
   Vl = V + P 
   Vr = V - P 
   Ml = Mlf 
   Mr = Mrf 
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  If Vr > 127 Then 
   Delta = Vr - 127 
   Vr = 127 
   Vl = -100                                                'Vl - Delta 
  End If 

  
  If Vl > 127 Then 
   Delta = Vl - 127 
   Vl = 127 
   Vr = -100                                                'Vr - Delta 
  End If 
  
  If Vl < 0 Then 

   Vl = Abs(vl) 
   Ml = Mlb 
  End If 
  
  If Vr < 0 Then 
   Vr = Abs(vr) 
   Mr = Mrb 
  End If 

  
  Gosub Move 
  
 Loop 
  
 End                                                        'end program 
  
 '---------------------------------------------------------------- 
'( 

    Motors: 
  
                Left Right 
      Forward 141 137 
      Backward 143 139 
  
    Sensors: 
  

      W1 R Right 
      W2 Right 
      W3 Center 
      W4 Left 
      W5 L Left 
') 
   Readsensors: 
  W1 = Getadc(channel1) 

  W2 = Getadc(channel2) 
  W3 = Getadc(channel3) 
  W4 = Getadc(channel4) 
  W5 = Getadc(channel5) 
  Gosub Printscreen 
 Return 
 
Printscreen: 

   Cls 
   Locate 1 , 1 
   Lcd W4 
  
   Locate 1 , 6 
   Lcd W3 
  
   Locate 1 , 11 
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   Lcd W2 
  
   Locate 2 , 1 
   Lcd Detectedjunction 
  

   Locate 2 , 3 
   Lcd Direction 
  
   Locate 2 , 5 
   Lcd D 
  
   Locate 2 , 9 
   Lcd W1 

  
   Locate 2 , 13 
   Lcd W5 
Return 
  
 Move: 
   Print Chr(mr) ; Chr(vr) 
   Print Chr(ml) ; Chr(vl) 

 Return                                                     'forwrd 
  
 Turnright: 
   Mr = Mrf 
   Ml = Mlf 
   Vr = V 
   Vl = V 
  
 Gosub Move 

  
 Wait 1 
  
   Mr = Mrb 
   Ml = Mlf 
   Vr = 80 
   Vl = 127 
 Wait 1 

   Gosub Readsensors 
  
   While W3 > D1 
      Gosub Move 
      Gosub Readsensors 
   Wend 
  
   Detectedjunction = 0 

  
   Mr = Mrf 
   Ml = Mlf 
   Vr = V 
   Vl = V 
   Gosub Move 
 Return                                                     'Turnright 
 

 Turnleft: 
   Mr = Mrf 
   Ml = Mlf 
   Vr = V 
   Vl = V 
  
 Gosub Move 
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 Wait 1 
  
   Mr = Mrf 
   Ml = Mlb 
   Vr = 100 

   Vl = 90 
 Wait 1 
   Gosub Readsensors 
  
   While W3 > D1 
      Gosub Move 
      Gosub Readsensors 
   Wend 

  
   Detectedjunction = 0 
  
   Mr = Mrf 
   Ml = Mlf 
   Vr = V 
   Vl = V 
   Gosub Move 

 Return                                                     'Turnleft 
  
   Lifterup: 
 Reset Portc.1 
 Reset Portc.2 
  
 Set Portc.1 
 Reset Portc.2 
  

 'Wait 5 
  
 Return 
  
  
   Lifterdown: 
 Reset Portc.1 
 Reset Portc.2 

  
 Set Portc.2 
 Reset Portc.1 
  
 'Wait 5 
  
 Return 
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