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Abstract 

Development of automated guided vehicle plays a major role in engineering industries to improve the material handling technique 

for recent year. In this paper, it is focus on the design and different methodology of line follower automated guided vehicle (AGV) 

systems. This paper provides an overview on line follower AGV discusses recent technological developments. The essential 

components of line follower robot and their modification are described in this paper.   
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I. INTRODUCTION 

With the technological advancement in the field of machineries, there have been various attempts to improve the material handling 

techniques. AGV (Automated Geared Vehicle) is one of the remarkable machine which helps in various tasks such as fork lifting 

objects, towing, product transportation etc., without the continuous monitoring of human. An AGV works with the simultaneous 

processing of various parts. The control device which is common to both the driving device and transfer device operates the vehicle 

and maintains the ultimate process of automated guided vehicle. Proximity sensors are set up to detect the vehicle movement which 

directly controls the start and stop process of AGV. Photo sensors are incorporated to detect the material or object in the station. 

A material transfer system includes loading and unloading of material through set of specific device, in which the electrical 

connections are interconnected. The first AGV developed by A.M.Barnet (1953) who used overhead wire to navigate the vehicle 

in grocery shop. The use of AGV has grown enormously since their introduction, the number of area of application and variation 

type has increased significantly. Recently AGV extended their popularity to other application. Depak punithe (IJRAS august 2013) 

developed an AGV to betterment public health care system. we can use AGV as serving robot in hotel, material handling robot in 

warehouse and improve the health care system. At manufacturing area AGV are capable to transport all type of material related to 

manufacturing process. According to Gotte (2000) the usage of AGV will pay off for manufacturing environment (like distribution, 

transportation, and transshipment) with repeating transpiration pattern. He described different available technology for automation 

in container terminal. The control device receives signal from the transfer device once transferring gets completed and transmits 

signal to the driving system to move the vehicle to the next destination point. In accordance with the flow path, the colored tape 

method is best suited to this vehicle for best outcome. The best flow path is designed considering all aspects. It is a battery powered 

vehicle in which it charges automatically. Inductive power transfer methods were implemented in the vehicle to enhance better 

performance. Although, most of the AGVs use some mark or defined path to move on, works are going on to develop such an 

AGV having artificial intelligence which can be dynamic in the sense of navigation and whose locomotion is not limited to just 

retrofit workspace. 

II. WHAT IS LINE FOLLOWER AGV? 

An automated guided vehicle is a programmable mobile vehicle. The automated guided vehicle is used in industrial application to 

move material around a manufacturing facility. The AGV are capable of transportation task fully automated at low expanses. AGV 

have to make the system automatic by doing the decision on the path selection. This is done through different method frequency 

selected mode, path selected mode and vision based mode etc. The central processing system of AGV is issue the steering command 

and speed command. For the pre-defined manufacturing environment the line follower robot is good option for choice. A line 

follower robot is a robot which follows a pre-defined path controlled by a feedback mechanism. The path can be visible like a 

black line on a white surface (or vice versa) or it can be invisible like a magnetic field. Sensing a line and guiding the robot to stay 

on course, while constantly correcting. Some of the practical applications of a line follower are industrial applications were these 

robots can be used as automated equipment carriers in industries replacing traditional conveyer belts in automobile. Some recent 

development of line follower is seen in applications such floor cleaning, guidance in public places, library assistance (thirumurgan 

2010), entertainment (coalk 2009), education (Makrodimitris 2011) etc. Most commonly used technology in line following robot 

are done by using microcontrollers and without using microcontroller. 

A general AGV system essentially consists of vehicle periperheral on site component as well as stationary control system. The 

main components(fig.1) of line follower AGV system are 
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1) Sensor circuit 

2) Processor 

3) Driver 

4) Actuators (Motors and wheels) 

5) Vehicle 

 
Fig. 1: (Block diagram of line follower AGV)

The faultless interaction of these components ensuring the efficiency of working plant. AGV will guarantee a safe performance of 

that care of personal as well as the load and surrounding. 

 Sensor Circuit 

The sensor circuit is a device which responds to some type of input from physical environment. In the line follower robot sensor 

circuit is responsible for detect the line segment or the path defined in the work floor. Robotics sensors are used in many 

implementations as object detection, path detection (line detection using color variation.), etc. also it can be easily integrated to 

microcontroller based controlling systems which are also widely used. 

There are different types of sensor used in line follower AVG. 

1) LDR sensor 

2) Vision based sensor 

3) Proximity sensor  

 LDR Sensor 

LDR is a light dependent resistor which works by incident light on it. Its resistance varies according to change in the intensity of 

light. As the light falls on the LDR then it shows very high resistance ideally infinite and when there is not any light beam incident 

on it then it shows very less resistance ideally zero. That means if a voltage apply in the one terminal of the LDR then it gives zero 

voltage at another end if there is any light falls and vice versa. Deepak punithe(2013) designed the health care robot by using the 

LDR sensor. The author used the LDR(fig.2) for detect the line. 

 
Fig. 2: (LDR sensor) 

 Vision Based Sensor 

Vision based sensor can operate by using the camera to record the features along the route allowing the AGV to replay the recorded 

to navigate the guided vehicle. The camera is the basic requirement of the sensor because the movement of the line follower robot 

depends on the output of the camera. Resolution of the camera is not a problem in case of line tracking. Here only one camera is 

used which is placed in front of the robot at a tilt down position so as to capture the line track. The camera that is placed in front 

of the robot captures the track to be followed by the line follower robot. The line follower robot proposed by Roy (2015) is guided 

with the help of machine vision(fig.3). In this paper the author describes how the camera scans the line to trace its path.  Parikh 

(2013) also used two vision sensors for guide the vehicle on pre-defined path. 

 
Fig. 3: (Vision Based Sensor) 
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 Proximity Sensor 

A proximity sensor is a sensor able to detect the presence of nearby obstacles without any physical contact. This sensor is used as 

obstacle detector in the line follower robot. Proximity sensor is the infrared sensor, which use for detect the obstacle. IR sensors 

consist of two diodes that one of them sends ray and another one must receive it. If any obstacle comes between the Infrared 

transmitter and the Infrared receiver, then it gives the output. Deepak (2013) used proximity sensor as obstacle detector. Parikh 

(2013) used two proximity sensor to detect the object which will transfer through the AGV. pakdaman(2009)  discuss how the 

proximity sensor can also use as line detection for moving the vehicle. 

Pakdaman(2009) give a point on how the sensor position make the system more efficient. The distance between sensors and 

ground surface is important and it is more important than how we put sensors near each other, actually sensors location must be 

define well. The distance between sensors and ground surface must be 3 or 2 mm and the distance between each sensor is depending 

on the line width. 

 Processer  

The processer is act as brain for line follower AGV. Usually the line follower robot works on a closed loop feedback algorithm 

where the feedback from the line sensor is used by the controller for correcting the path of the robot. The sensors are usually 

LED/LDR, LED/Photodiode or LED/Phototransistor pairs and the controller is an electronic circuit which executes the desired 

feedback algorithm.  In general, the line follower robot senses the colored path to navigate the vehicle. The input signal is coming 

from sensor array which send to the microcontroller to analyses the current position and give instruction to the driver according to 

pre-defined program.  The task of the microcontroller here is to control the left and right motors according to the feedback signals 

from the left and right comparators so that the robot remains on the correct path. The processer is also responsible handling the 

different task and communication with other control system. Deepak (2013) used 89c51 microcontroller to detect the path. 

Pakdamn(2009) used used the Atmel's AVR microcontroller "At Mega 16" in the project. Because Atmel's AVR microcontrollers 

have a RISC core running single cycle instructions and a well-defined I/O structure that limits the needs for external components. 

Internal oscillators, timers, UART, SPI, pull-up resistors, pulse width modulation, ADC, analog comparator and watch-dog timers 

are some of the features will find in AVR devices. 

 Driver 

Motor driver act like the current amplifier. It is use for controlling the current in the motor. The motor drive provides high current 

as the dc motor need when it receives low current in the circuit. For drive the motors a high value of the current is needed. Deepak 

(2013) used L293D IC  which can control the two dc motor simultaneously. It can rotate the motor in the forward and reverse 

direction. By using the motor driver, a line following robot can be move in clockwise and in anticlockwise directions. It completely 

controls the movement of the dc motor that’s why it has been called as motor driver. 

 Actuator  

The movement system is an important part of a robot. And its objective is how to move robot from one point to another one. This 

system has some details shown us how we should use motors and wheels. We use motors to convert electrical energy to the 

mechanical energy. There are a lot of kinds of motors and we must choice the best one that we need. Our choice is depended on 

the robot function, power and precision. Undoubtedly, one of the agents of success of our robot is to choose good motors. For the 

proper movement of the system two dc motors has been used in the circuit and a castor wheel is attached in the front side of that 

Line Following Robot Based Health Care Management System(Fig.4). Caster wheel enable the movement of the robot is easy in 

every direction. Two dc motors at the end side of the robot is controlled by the motor driver.  

 
Fig. 4: (motor position in line follower AGV) 

 Vehicle  

Vehicle is the central elements of AGV as they perform the actual transportation task. The vehicle individually according to the 

specific condition have to be designed and of the environment. They are used in Deepak punithi (2013) designed a AGV to improve 

health care management system. Li designed line follower AGV for hotel serving robot. Amazon implemented KWIA robot for 

automated storage and retrieval system. Coalk I (2011) designed line follower agv for entertainment purpose. 
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III. ANALYSIS OF LINE FOLLOWER AGV 

Mathematical model can able to describe the operation of AGV inside the manufacturing/ warehouse unit. Efficiency of AGV can 

measure by efficient drive time of AGV from loading to unloading cycle. For this mathematical model we can assume that AGV 

moves in constant velocity throughout the environment and ignore the effect of acceleration deceleration and other speed 

difference. The time for a typical deliver cycle system(Fig.5) of AGV is 

1) Loading at the pickup station  

2) Travel time to the drop-off station  

3) Unloading at drop off station 

4) Empty travel time 

 
Fig. 5: (Path analysis of line follower AGV) 

Te = Tl + Ld/v + Tu +Le/v 

Te = delivery cycle time (min/delivery) 

Tl = time to load (min) 

Ld = distance travel load to unload station 

v = carrier velocity  

Tu = time to unloading station 

Le = distance the vehicle travel until the start of the next delivery station  

To find number of vehicle inside a environment  

n =   

n = number of vehicle 

WL = work load (min) 

AT = available time (min) 

To find total work load time or the total amount of work express in term of time so  

WL = Rf Ta 

Rf = total deliver constant per hour for the system 

AT is defined by available time per hour per vehicle 

AT = 60 A T E 

Using the above equation, we can find how many AGV can fit in certain workspace. It calculates the time require for completing 

a task .so by considering this equation we can optimize the ideal time of AGV. 

IV. APPLICATION 

Autonomy is the key factor for using AVG in different field. It will achieve high degree of accuracy and precision which will lead 

to minimize the error of the complete system and improved lead time.  

1) Material handling: used in highly automotive and electronic factories, loading unloading station 

2) Warehouse: used in e commerce warehouse for transporting the material 

3) Commercial: baggage transport inside airport, supermarket, mall, floor treatment like wash, swap, scrub unpleasant job like 

washing warehouse  

4) Energy and defense: transport the material human unreachable place, bomb and mine mapping, retrieval and disposal nuclear 

plant inspection, and steam generator, pipeline inspection 

5) Medical service: deliver food water and medicine, administrative reports, handling hazardous material, disposal of biological 

waste 

6) Personal care: Assistance for handicapped and early assistance with personal hygiene 

V. CONCLUSION  

There are several possible directions for further research; we can improve the guided tape type AGV utilizing better navigation 

technique. It can be adopted any environment and cheap among autonomous robot. There is significant amount of difference 

between theoretical and practical work cycle value of time which can be optimized by adopting different methodology. In addition, 

one could think of the traffic control scheme so that multiple vehicles can operate in single floor efficiently. If they turn too sharply 

or drift and lose the track the AGV cannot recover. It can improvise by using feedback algorithm. 
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