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Abstract— The further application of a line following robot 

for a library management system is shown in the below 

paper. A robot is designed using sensor operated motors for 

keeping track of library book shelf arrangement. The robot 

is given a book to scan through an RFID reader module. The 

robot is given a reader, which collects the tag values from 

the book and compares the decoded data with the input. 

Misplaced books can be identified using the pre-

programmed data in the robot which helps to maintain the 

books in an order. This helps and simplifies the job of 

monitoring the arrangement of books and also reduces the 

manual routine work done by the library staff. 
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I. INTRODUCTION 

A. Overview of Project: 

Nowadays, Radio Frequency Identification-RFID has 

become a solution in offices for attendance and also 

attendance system in various academics.  

This is not a new technology but has been in the 

public domain for many years. RFID is a form of data bank. 

The data is stored and remotely retrieved using devices 

called RFID tags or transponders. RFID consists of four 

basic components: tags, reader, antenna and software.  

The combination of RFID and autonomous robot 

provides a solution to the assortment of books for the 

librarian. The book sorter will serve the purpose to arrange 

and allocate the books in the library. 

B. Objective: 

The main objectives of implementing the book 

sorter robot included but are not limited to the 

following: 

1) Construct an autonomous robot. 

2) Integrate RFID technology in the robot. 

3) Develop an application for RFID robot in library 

management. 

C. Scopes: 

           The scope of RFID robot is limited as following: 

1) Circuit designs including controller board, motor 

Driver and interface for RFID reader module. 

2) Software development for autonomous robot 

Involving microcontroller programming. 

3) Application of RFID tag in identifying books and 

its location. 

D. Application: 

          Book Sorter could be configured to perform various 

applications. However in prototyping stage, the robot might 

not be able to accomplish all the tasks successfully if a 

hurdle is present. The application of the robot has good 

potential in library management. The robot will manage the 

books automatically according to the database programmed 

in the robot. This will save time of the librarian.  

II. RELATED STUDY 

A. Arduino Board: 

Arduino is an open-source electronics platform based on 

easy-to-use hardware and software. It's intended for anyone 

making interactive projects. 

Arduino senses the environment by receiving 

inputs from many sensors, and affects its surroundings by 

controlling lights, motors, and other actuators code.You can 

tell your Arduino what to do by writing in the Arduino 

Programming language and using the Arduino development 

environment. 

 
Fig. 1: Arduino Board 

B. RFID: 

RFID is a system of storing and remotely retrieves data 

using wireless technology operating with the 50 kHz to 2.5 

GHz frequency range RFID technology comprises of basic 

elements: the RFID tag, the RFID reader/writer. 

           RFID does not require line-of-sight to operate for 

communications between a tagged object which could be 

almost anything including a car, merchandise, package, etc. 

and a reader which is an electronic device used to capture 

the RFID signal. Data encoded on the RFID tag can contain 

a variety of information about the object including item 

description through the use of an electronic product code 

(EPC). The EPC is an electronic representation of a product, 

which can include information about the product, 

manufacturer, and uniquely identify the product. 

C. RFID Tag: 

RFID tag has a chip and an antenna. A chip can store a 

unique serial number or other information based on the tag’s 

type of memory, which can be read-only, read-write, or 

write-once read-many. The antenna, which is attached to the 

microchip, transmits information from the chip to the reader. 

There are three types of RFID tags: Passive, Active and 
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Semi passive. Passive RFID tags do not have their own 

power source, such as a battery, nor can they initiate 

communication with a reader Active RFID tags on the other 

hand contain an internal battery and are typically read/write 

devices. Semi passive RFID tags are equipped with a power 

soured such as battery to provide power for the integrated 

circuits, but do not actively transmit a signal to the reader. 

 
Fig. 2: RFID Tag 

D. RFID Reader: 

A reader uses its own antenna to communicate with the tag. 

When a reader broadcasts radio waves, all tags designated to 

respond to that frequency and within range will respond. A 

reader also has the capability to communicate with the tag 

without a direct line of sight, depending on the radio 

frequency and the type of tag (active, passive, or semi 

passive) used. 

           Readers can process multiple items at once, 

allowing for increased   read processing times. They can be 

mobile, such as handheld devices that scan objects like 

pallets and cases, or stationary, such as point-of-sale devices 

used in supermarkets. Readers are differentiated by their 

storage capacity, processing capability, and the frequencies 

they can read. 

 
Fig. 3: RFID Reader 

E. Line Follower: 

The Book Sorter robot uses line follower concept for 

navigation. Two infra-red sensors are used for line follower. 

The line follower is one of the self operating robot that 

follows a line that drawn on the floor. The basic operations 

of the line following is to detect line position using infra red 

sensors mounted at front end of the robot & the detection of 

the sensors. When the sensors sense a black line, 0 will be 

sent to MCU. These outputs are connected to MCU 

processing and LED for indicator during debugging. 

 
Fig. 4: Line Follower 

The motor driver functions to control the left and right 

motor. Book Sorter robot uses LM293D as motor driver.  

Two motors are mounted at both left and right of the Book 

Sorter robot for driving and steering the robot purpose. The 

direction of the motor will determine the direction ofthe 

robot. The robot will move forward or backward if the both 

motors are turning at same speed and same direction. 

Meanwhile the robot wills self turn either left or right if the 

motors turn at different direction. The robot will move to the 

left if the right motor rotates forward while the left motor 

stop. 

III. METHODOLOGY 

A. Block Diagram of Book Sorter: 

 
Fig. 5: Block Diagram of Book Sorter 

Book Sorter robot consists of one Microcontroller Unit as 

the main brain of the control system. One channel of input 

as sensors for line follower module. The system has one 

channel of half duplex communication with the RFID reader 

and three channels of output. One channel of output is to 

motor driver for movement and one channel of output to 

servo motor act as the mast of the forklift for lifting and 

placing the book. Figure 5 shows the block diagram of the 

overall working system of Book Sorter robot. 
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B. Pin Diagram of ATMEGA8: 

 
Fig. 6: Pin diagram of ATMEGA8 

VCC Digital supply voltage. 

GND Ground. 

Port B (PB7..PB0) 

XTAL1/XTAL2/TOSC1/TOSC2 

Port B is an 8-bit bi-

directional I/O port with 

internal pull-up resistors 

(selected for each bit). 

The Port B output 

buffers have 

symmetrical drive 

characteristics with both 

high sink and source 

capability. As inputs, 

Port B pins that are 

externally pulled low 

will source current if the 

pull-up resistors are 

activated. The Port B 

pins are tri-stated when 

a reset condition 

becomes active, even if 

the clock is not running. 

Depending on the clock 

selection fuse settings, 

PB6 can be used as 

input to the inverting 

Oscillator amplifier and 

input to the internal 

clock operating circuit. 

Depending on the clock 

selection fuse settings, 

PB7 can be used as 

output from the 

inverting Oscillator 

amplifier. If the Internal 

Calibrated RC Oscillator 

is used as chip clock 

source, PB7..6 is used as 

TOSC2..1 input for the 

Asynchronous 

Timer/Counter2 if the 

AS2 bit in ASSR is set. 

Port C (PC5..PC0) 

Port C is a 7-bit bi-

directional I/O port with 

internal pull-up resistors 

(selected for each bit). 

The Port C output 

buffers have 

symmetrical drive 

characteristics with both 

high sink and source 

capability. As inputs, 

Port C pins that are 

externally pulled low 

will source current if the 

pull-up resistors are 

activated. The Port C 

pins are tri-stated when 

a reset condition 

becomes active, even if 

the clock is not running. 

PC6/RESET 

If the RSTDISBL Fuse 

is programmed, PC6 is 

used as an I/O pin. Note 

that the electrical 

characteristics of PC6 

differ from those of the 

other pins of Port C. If 

the RSTDISBL Fuse is 

unprogrammed, PC6 is 

used as a Reset input. A 

low level on this pin for 

longer than the 

minimum pulse length 

will generate a Reset, 

even if the clock is not 

running. 

Port D (PD7..PD0) 

Port D is an 8-bit bi-

directional I/O port with 

internal pull-up resistors 

(selected for each bit). 

The Port D output 

buffers have 

symmetrical drive 

characteristics with both 

high sink and source 

capability. As inputs, 

Port D pins that are 

externally pulled low 

will source current if the 

pull-up resistors are 

activated. The Port D 

pins are tri-stated when 

a reset condition 

becomes active, even if 

the clock is not running. 

RESET 

Reset input. A low level 

on this pin for longer 

than the minimum pulse 

length will generate a 

reset, even if the clock is 
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not running. 

AVCC 

AVCC is the supply 

voltage pin for the A/D 

Converter, Port C (3..0), 

and ADC (7..6). It 

should be externally 

connected to VCC, even 

if the ADC is not used. 

If the ADC is used, it 

should be connected to 

VCC through a low-pass 

filter. Note that Port C 

(5..4) use digital supply 

voltage, VCC. 

AREF 

AREF is the analog 

reference pin for the 

A/D Converter. 

ADC7..6 (TQFP and 

QFN/MLF Package Only) 

In the TQFP and 

QFN/MLF package, 

ADC7..6 serve as analog 

inputs to the A/D 

converter. These pins 

are powered from the 

analog supply and serve 

as 10-bit ADC channels. 

Table 1: Pin description of ATMEGA8 

C. LM293D  IC: 

 
Fig. 7: LM293D IC 

D. Simulation of Book Sorter: 

For simulation of the function of Book Sorter robot, a small 

white platform is built with black line on it for line tracking 

purpose. The layout of platform is shown in Figure 7. The 

robot is first scanned for the book. The robot and RFID tag 

are programmed for movement, navigation and 

identification tasks. The robot will move from starting zone 

to the destined shelves follow the track based on the pre-

loaded program into the microcontroller that controls and 

navigates the robot movement. At each shelf unit the 

counter will count and according to the tag values, the robot 

will stop at the shelf matching the value. During the pause, 

the forklift will lift and place the book in the shelf. 

 

 
Fig. 8: Path of Robot 

IV. RESULT & DISCUSSION 

In order to apply Book sorter in real live application, its 

must be upgraded. Some of the appropriate suggestions are 

listed below. These suggestions can be continued in future 

research to build a better design. 

1) Implement RFID robot with wireless 

communication to the host computer. 

2) Add a database in the host computer 

3) Develop a graphical user interface for controlling 

the robot. 

4) Implement GPS module into the RFID robot 

navigation system. 

          The same robot can be used for different applications 

such as in hospitals for patient medicine delivery or in 

warehouses for assorting goods. 

V. CONCLUSION 

The main purpose of this project is to develop an 

autonomous robot with RFID application. The final version 

of the product is a prototype of Book Sorter. The design of 

the robot is similar to forklift. Book Sorter Uses Arduino 

Board having ATMEGA 8A microcontroller Unit. Book 

Sorter uses the line follower module for navigation. Book 

Sorter is able lift up the book at certain height by generating 

PWM signal to servo motor. Half duplex serial 

communication is done between ATMEGA 8A 

microcontroller and RFID reader. 
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