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INTRODUCTION 

India is a major producer of books with more than 
25,000 titles published every year, which is an 
important contributor to the library movement in 
India.  
As early as 1944, the library movement in India was 
accelerated under the dynamic leadership of Dr. S.R. 
Ranganathan who is regarded as the Father of 
Library Sciences in India. His vision of an integrated 
library system is described in his book published that 
year, entitled, ‘Post War Reconstruction of Libraries in 
India’. His main thrust was on Public Libraries, both 
rural and urban. He advocated the formation of a 
primary library at each typical demographic unit with 
a population of not less than 50,000. [1] 

In today’s world, where a lot of emphasis is given 
about digitizing and modernization of things, so why 
not modernize libraries too. Stating the above point 
where a primary library for a population of 50,000 is 
needed we need to question and if needed change 
the techniques and technologies that are being in 
managing a library to ensure effective use of such  
 
 

 
 
 
 
 
 
Information banks. An important aspect of library 
management is planning and maintaining library 
facilities like book issuing, returning and renewing 
etc. The present library management system uses 
barcode technology for issuing the books, manual 
entering of the data and information of the users 
into the software, user registration is still using 
registration books. The uniqueness of the barcode 
varies with the thickness of the lines. This type of 
library management requires manual control. All the 
major functions of the library such as issuing, 
reissuing and returning of books needs to be 
monitored and controlled manually, the barcode 
readers have the capability to read only one code at 
a time and therefore at most of occasions it leads to 
a long queue at the issue and return counters. The 
barcodes need to be programmed at the time of 
manufacture and these codes can be programmed 
only once. Once defined the properties of the codes 
cannot be altered. The codes are printed on a piece 
of paper and pasted on the books. During both issue 
and return of the books, the bar-code reader should 
have direct line of contact with the bar code. For 
making this possible, it is compulsory to make the 
operation manual. Even under manual operation, it is 
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very tedious and time-consuming process since each 
time the reader needs to be placed very near to the 
barcode tag for the book to be read properly. The 
bar-code readers have a very small read range of 
about very few centimeters to make the job 
tiresome. This tiresome work can be simplified by 
using another new trending technology RFID which 
makes the book issuing, returning, renewing much 
easier for the users within less time. 
Manual registration while entering the library which 
is time consuming and not much of important to 
users can also be modified into a feature extraction 
method like fingerprint scanner which is been widely 
used. Exact count of books in each rows of the 
shelves are monitored very easily by the use of limit 
switches. 
  

1. STATEMENT OF PROBLEM 
A library becomes complete with not only books and 
resources in it; it needs proper maintenance and 
upgrading time to time, which makes it long lasting 
and reliable. This becomes possible by the complete 
involvement of the librarians and the users of the 
library. There are several problems faced by both 
librarians like user identification, fast-track book 
issue, acquisition, track ability and finding books, 
long queues, time delays, renewals and fine dues by 
users. 

      2.1. PROPOSED SOLUTION 

Keeping the above-mentioned drawbacks of library 
in mind, we design a system by efficient use of new 
resources and technologies with the basis of the 
theoretical and practical knowledge with respect to 
the topic. The system comprises of RFID cards for 
each books to ensure fast-track issues, biometric 
scanners to avoid manual registrations and end 
switches to get the total count of books and 
availability of books. The renewing and returning 
polices are taken care by SMS alert services which 
helps in avoiding redundant queues and increases 
efficiency. An Arduino Uno microcontroller, which 
can be improvised in future according to the 
requirements, controls the whole system and 
modification can be done easily with other 
technologies. 

3. RADIO-FREQUENCY IDENTIFICATION (RFID) 

RFID uses electromagnetic fields to automatically 
identify and track tags attached to objects. The tags 

contain electronically stored information. ISO/IEC 
18000 and ISO/IEC 29167 use on-chip cryptography 
methods for un-traceability, tag and reader 
authentication, and over-the-air privacy. ISO/IEC 
20248 specifies a digital signature data structure for 
RFID. The ISM band regulated frequency band is 
13.56 MHz (HF). 

3.1 Design of RFID Tags and Reader 

3.1.1 RFID tags contain at least two parts: an 
integrated circuit for storing and processing 
information, modulating and demodulating a radio 
frequency (RF) signal, collecting DC power from the 
incident reader signal, and other specialized 
functions; and an antenna for receiving and 
transmitting the signal. The tag information is stored 
in a non-volatile memory. The RFID tag includes 
either fixed or programmable logic for processing 
the transmission and sensor data, respectively. 

3.1.2 RFID reader transmits an encoded radio signal 
to interrogate the tag. The RFID tag receives the 
message and then responds with its identification 
and other information. This may be only a unique tag 
serial number, or may be product-related 
information such as a stock number, lot or batch 
number, production date, or other specific 
information. Since tags have individual serial 
numbers, the RFID system design can discriminate 
among several tags that might be within the range of 
the RFID reader and read them simultaneously. 

3.2. MFRC522 Reader and Tags 

The MFRC522 (Fig 3.1) is a highly integrated 
reader/writer IC for contactless communication at 
13.56 MHz the MFRC522 reader supports 
ISO/IEC14443A/MIFARE and NTAG. The MFRC522’s 
internal transmitter is able to drive a reader/writer 
antenna designed to communicate with ISO/IEC 
14443 A/MIFARE cards and transponders without 
additional active circuitry. 
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FIG-3.1 MFRC522  Reader,  tags  (Image courtesy NXP 
Semiconductors) 

4. GLOBAL SYSTEM FOR MOBILE 
COMMUNICATIONS (GSM) SERVICES 

Global System for Mobile Communication (GSM) 
services are a standard collection of applications and 
features to mobile phone subscribers all over the 
world. It is the most dominant mobile phone 
standard worldwide. The GSM frequency bands 
range from 380-1900 MHz the GSM frequency is 
divided into 14 bands, among these, GSM-900 is the 
most widely used (ITU-Regions 1 and 3). The GSM 
standard also provides separate facilities for 
transmitting digital data like general internet access, 
GPRS and SMS services. 

4.1 Short Message Service (SMS) 

SMS or text messaging is a service that is provided 
by the GSM standards. The messages are sent via 
Short Message Service Centre (SMSC) using the MAP 
protocol. The SMSC is a central routing hub for Short 
Messages. 

4.1.2 GSM Sim 900A 

The hardware used in the prescribed project to 
access GSM services is GSM/GPRS Modem-RS232 
(fig4.1). It is built with Dual Band GSM/GPRS engine- 
SIM900A, works on frequencies 900/ 1800 MHz the 
GSM/GPRS Modem is having internal TCP/IP stack to 
enable you to connect with internet via GPRS. It is 
suitable for SMS, Voice as well as DATA transfer 
application in M2M interface. 

Unlike mobile phones, a GSM modem does not have 
a keypad and display to interact with, it just accepts 
certain commands through a serial interface and 
acknowledges for those. 

 

FIG-4.1 GSM Sim 900A (Image courtesy www.researchlab.com) 

5. BIOMETRIC FINGERPRINT SCANNER 

A Biometric device is a security identification and 
authentication device based on physiological 
features. These characteristics include fingerprints, 
facial images, Iris prints and voice recognition. 

5.1 Biometric Scanner for Fingerprint recognition 

Human fingerprints are detailed, nearly unique, 
difficult to alter, and durable over the life of an 
individual, making them suitable as long-term 
markers of human identity. Hence, a fingerprint 
sensor can be used to identify the individual user. A 
fingerprint sensor is an electronic device used to 
capture digital image of the fingerprint pattern. The 
captured image is called a live image. This live scan is 
digitally processed to create a biometric template, 
which is stored and used for matching. There are 
many types of fingerprint sensors, which uses various 
technologies including optical, capacitive, RF, 
thermal, piezo resistive, ultrasonic, piezoelectric, 
Microelectromechanical (MEMS). The matching of 
the fingerprints is done by using various algorithms 
such as correlation-based matching, minutiae-based 
matching, ridge feature-based matching and 
minutiae-based algorithm. However, the most 
popular algorithm is minutiae based matching 
algorithm due to its efficiency and accuracy. 
Minutiae are the major features of a fingerprint, 
using which comparisons of one print with another 
can be made. 

5.2 ZFM-20 series of stand-alone fingerprint 
identification module 

The biometric scanner used in this project is ZFM-20 
series fingerprint sensor (fig 5.1). It is an optical type 
and uses minutiae-based algorithm for matching.  
Other technical features involve signature file of 256 
bytes and template files of size 512 bytes. Security 
Level: five. False Accept Rate (FAR): <0.001% (security 
level 3), False Reject Rate (FRR) : <1.0% (security level 
3). The storage size is 180 that is it can store 
fingerprints of 180 individuals. 
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FIG-5.1 ZFM-20 series fingerprint sensor (Image courtesy 
www.adafruit.com ) 

6. MICROCONTROLLER 

Microcontroller is an IC, which contains Processing 
Unit, Read Only Memory (ROM), which stores the 
instructions, Read Write Memory (RAM) which is 
used as temporary storage during execution, 
Input/output Unit to interface with the external 
world. In addition, it includes some controllers to do 
specific job. 

A microcontroller that is cost effective will monitor 
the whole system. The microcontroller has to be 
chosen such that it is reliable and can adapt to future 
upgradation of technologies. 

6.1 Arduino Uno 

Arduino Uno (Fig 6.1) is a microcontroller board 
based on the ATmega168 or ATmega328. It has 14 
digital input/output pins of which six can be used as 
PWM outputs. Six analog inputs, a 16MHz crystal 
oscillator, a USB connection, a power jack, an ICSP 
header, and a reset button .It contains everything 
needed to support the microcontroller. Arduino Uno 
offers flexibility and an opportunity for upgradation 
by allowing the CPU board to be connected to a 
variety of interchangeable add on modules known as 
shields. 

 
FIG-6.1 Arduino Uno microcontroller board (Image courtesy 
www.arduino.cc ) 

7. HARDWARE ARCHITECTURE 

The whole system can divided into four modules. 

7.1 User Authentication 

This module consist if fingerprint sensor where the 
user who enters the library is asked to authenticate 
his identity. (Fig 7.1). 

7.2 Shelf management  

The book mismatch, book availability and total book 
count is obtained by the help of end switches and IR 
sensors. (Fig 7.2). 

 

(Fig 7.1 User Authentication) 
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(Fig 7.2 Shelf Management) 

 

7.3 Book acquisition 

The system consists of a computer interfaced with a 
RFID reader, plus special software of biometric 
identification like fingerprint scanning for Person 
identification. After identifying the patron with a 
finger print scanner input which contains the patron 
details and their ID number, the patron is asked to 
checkout of one or more books. After choosing 
checkout, the patron puts the book(s) in front of the 
RFID reader and the display will show the book title, 
and its ID number. (Fig 7.3). 

7.4 Return and renewal services. 

The Gsm module is interfaced with the host system, 
which is used to send a message to the user 
regarding the book issuing, renewal, returning 
process. The user can text back the host machine 
informing about the renewing and return procedure. 
(Fig 7.3). 

 

(Fig 7.3 book acquisition and renewal services using GSM) 

In addition to afore mentioned modules we use two 
16x2 LCD displays to make the system more user 
friendly and a Real time clock(RTC) module to obtain 
log in and log out timings. 

The block diagram is shown in fig 7.4  
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(Fig 7.4. Hardware Block Diagram.) 

 

 

8. SOFTWARE ARCHITECTURE 

The programming is done using object oriented C in 
the Arduino Integrated Environment (IDE) v1.8. Cool 

Terminal and Microsoft Excel is used to obtain and 
maintain the database. 
 Fig 8.1 Flowchart of Authentication. 

 

Fig 8.2 Flowchart of Book issue. 
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9. EXPERIMENTAL RESULTS 

9.1. SMS sent through GSM 
The messages that the user receives at various stages 
through the GSM: 

i. When the book is issued successfully. 
 
TJIT LIBRARY  

Book issue:  

Dear student, 

The book 10ec065 has been issued on 11/5/2017, 

should be returned on 25/5/2017 

 
 

ii. When the book is due to be returned. 
 
TJIT LIBRARY  

Reminder: 

Dear student, the due date for the borrowed 

book 10ec65 is tomorrow. 

Reply; 

1-->for renewal. 

2-->For return. 

 
iii. If a renewal request is made by the 

receiver.  
 
TJIT LIBRARY 

Renewal Request: 

Book renewal request has been received.  

The request for book 10ec65 renewal is in 

process... 

You will receive a confirmation message about 

renewal soon. 

 
iv. After processing the renewal request. 

 
TJIT LIBRARY 

Renewal confirmation: 

Dear student 

The book ec065 has been renewed and the return 

date is extended to 28/5/2017                         
 

v. If book is not returned on the due date.  
 
TJIT LIBRARY 

Caution message: 

Dear student 

The book ec065 has not been returned at the 

scheduled due date, fine has been initiated 

from here on. 

 

START 

Initialize library files and 
modules. 

Scan for the 
RFID tag on 

the books 

Store the issue 
date and 

borrowers 
details 

Book issue and 
initialize issue 
message from 

GSM 

Take finger 
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User 
identified? 

Request for 
fingerprint scan from 

the user 
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vi. On completing the returning process.  
 
TJIT LIBRARY 

Book return: 

Dear student 

The book ec065 has been returned at 12:00 at 

21/5/2017.Thank you. 

 
9.2. Database Stored in MS-Excel Spreadsheet 
 
The following information is recorded at the time of 
User registration. (Table 9.1). 

 
(Table 9.1 Information of students) 

 
Conclusion  
A system based on the Finger print scanner and RFID 
technology where finger print technology provides 
unique ID for the users and overcomes manual 
entering of details and RFID tags are embedded on 
the books , RFID readers are used to read these tags 
for proper, efficient and theft controlled operation of 
libraries. Most of the drawbacks associated with the 
bar-code technology can be overcome using the 
proposed system. GSM technology is used in the 
system in order to alert the user with the books 
taken, due date for return and helps the library 
admin to monitor on books and users. Thus, the 
objective of the project that is to design and 
implement a low cost library management system is 
achieved. 
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