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Abstract: With the development of information technology, the library, as an 

important distribution center and transmission hub of information resources, plays a 

very important role in the information age. At present, the traditional library has 

gradually failed to meet the needs of the vast number of readers. The construction 

area of the library is expanding day by day. The information quantity and carrying 

load of infrastructure and service system are also increasing day by day. It has become 

inevitable to realize workflow reengineering through smart library. In this paper, we 

regard RFID tags as the subject matter of book location, and drive RFID module to 

communicate with host computer to transmit book information at the same time 

through STM 32 controller to realize real-time positioning of books. Our management 

system is designed to realize the functions of real-time positioning of books, 

unmanned borrowing and returning of books, scanning and shelving of new books, 

and book dislocation reminding, so as to improve the efficiency of book management. 

This article mainly introduces the design framework of the management system, 

introduces the hardware and software development environment used by the system, 

and describes the specific implementation method of the system in detail, so as to 

improve the management efficiency of the library and enhance the user experience of 

readers. 
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1. Introduction 

Nowadays, the building area of all kinds of libraries is expanding day by day, the 

burden of infrastructure is also increasing day by day, and the information and carrying 

load of service system are also increasing. Once these huge volumes of information 

break down, it may bring great impact to libraries. Facing the ever-changing trend of 

development, libraries can provide more comprehensive information services for 
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readers only by means of more sensitive management, more intelligent information 

systems and more perfect services, and at the same time greatly improve the 

efficiency of administrators and borrowers. Our Smart Library is a kind of library 

operation mode with more efficient and convenient characteristics, which is based on 

digital, networked and intelligent information science. Its real pursuit is to use the 

greenest way and digital means to achieve reading. It can realize the intelligent library 

management system of real-time inquiry of book location, unmanned borrowing and 

returning books, error reminder of book shelves, and quick entry of new books into 

database by scanning barcode. It presents a new library management mode in the 

Internet era. It combines the Internet with traditional technology. Efficient, real-time 

and even unmanned management library.  

 

2. System Overall Structure Design  

The system adopts B/S structure as a whole, B/S structure is browser/server 

architecture [22]. Users use browser as the interface to complete data input and query, 

and the main functions of the system are realized through the server. At present, B/S 

structure is the most popular network structure. Users only need to install browsers 

on the terminal to enjoy the corresponding services. Compared with the traditional 

C/S structure, that is, client/server structure, users can save the trouble of 

downloading the client and reduce the load of the user terminal. At the same time, 

B/S structure is also very large. Reduced system development cost and time. The 

structural diagram of the B/S structure is shown in Figure 1.  

 

Fig. 1 general structure diagram of the system  

 

2.1 Hardware Structure of the System   

The hardware system consists of STM32 core hardware circuit and raspberry pie core 

PC. The hardware circuit includes bookcase real-time scanning circuit and access 
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control circuit. The PC part includes library database and library website server in 

Raspberry pi. The two part communicates through serial port. Figure 5 shows the 

hardware structure of the sitting posture perception module.  

 

Fig. 2 hardware architecture diagram  

 

The scanner circuit of bookshelf adopts a master-slave structure. The bookshelf is 

composed of traditional bookcase equipped with RFID sensor module. The RFID tag 

is used as the location object of the book, the RFID module is used to capture the 

RFID tag, the STM32 controller is used to drive the RFID module to communicate with 

the host computer to transmit the book information at the same time, and the HMI 

display screen. It can display books in real time and inquire relevant information on 

shelf books. As a special slave machine, access control can recognize and scan the 

reader card, so it can complete the functions of reader information query, reader card 

activation, unattended borrowing and anti-theft alarm.  

  

Fig. 3 hardware block diagram  

 

Considering the cost and power consumption, we choose raspberry Pi as the upper 

computer of the system, STM32 communicates with RASP through UART, and Python 

is used to operate the data in the serial buffer.  
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Fig. 4 upper computer system architecture diagram  

 

Fig. 5 STM32 pin diagram   

 

2.2 System Hardware Selection 

2.2.1 Microcontroller STM32 

STM32F103ZET6 is a 32 bit ARM Cortex-M3 microcontroller, with the highest working 

frequency up to 72MHz. Fig. 5 is the schematic diagram of the smallest system unit of 

STM32, that is, the smallest unit circuit that the STM32 microcontroller can work 
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normally. Typical minimum system units consist of microcontroller, power regulator 

circuit, reset circuit, crystal oscillator circuit, etc. The reset circuit adopts hardware 

reset mode, which can restore the microcontroller from a certain working state to the 

initial state when the program is on power. The crystal oscillator circuit provides the 

pulse clock needed for the system to work. The frequency and accuracy of the signal 

provided directly affect the efficiency of the circuit and the running cycle of the 

program .  

2.2.2 RF reader KL400 

The RFID reader used in this system is KL400 integrated antenna module. It has good 

recognition sensitivity and stability for tag recognition. The excellent recognition 

distance can reach 6 meters, and the maximum recognition speed of tags can reach 

60 sheets per second. KL400 is an RFID reader with an 8-bit 8051 microcontroller. It 

has 256B data memory, 16KB program memory and three timers. Its serial data bits 

are 8 bits, which can be set to six different baud rates of 9600, 19200, 28800, 38400, 

57600, 115200 (bps). The working frequency range of KL400 is 840 to 960 MHz. It 

can be compatible with several types of RFID tags. It can recognize multiple tags 

accurately and read and write the data storage area of specific tags effectively. 

According to the format of firmware instructions, different working modes can be 

selected: single polling, multiple polling, selection mode, read and write data storage, 

lock data storage, etc.  

 

Fig. 6 KL400 RF module 

2.2.3 Smart display TJC4024T032 

Intelligent display TJC4024T032 is a serial port HMI. The most important feature is 

that the microcontroller no longer needs to control the dot matrix on the screen to 

draw the bottom interface, but uses the function module provided by serial port HMI 

- control to operate. Users can develop user-friendly interfaces quickly and easily by 

setting the properties of controls such as buttons or windows. All the properties of the 

control can be modified in the host computer.  

 

2.3 Hardware Driver Part    

The program is mainly divided into three parts according to its functions: data 

acquisition and information display from computer, information aggregation and 

transmission from host computer, access control to book borrowing information. 
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Therefore, this system contains three main programs. The slave machine on each shelf 

reads books on the shelf through RF reader, so as to know the real-time location 

information of each book, and the slave machine also retrieves the specific information 

of each book on the shelf by the RFID tag, and then displays it through the HMI screen 

on the shelf. The host is responsible for it. In order to ensure the accuracy and real-

time of borrowing and returning books, we should integrate the slave information and 

upload them to the database managed by raspberry pie.             

The program flow chart of the STM32 host is as follows:  

 

Fig. 7 flow chart of STM32 host program 

 

Fig.8 flow chart of access control procedures  
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The main flow chart of access control is as follows ：  

LCD, that is, the flow chart of the LCD display is as follows ：  

 

Fig. 9 programming flow chart of LCD module 

 

2.4 Data Interface Processing  

The main function of the data interface part is to translate and process the instructions 

and data sent by STM32 host. STM32 host will send information such as book location 

change, book lending and returning, new book shelf, reader card activation to 

raspberry pie. The raspberry pie needs to read out or write the corresponding 

information into the database. The hardware driver is written in C language and the 

database is operated in SQL language, so a language is needed to glue the two 

programs together. This language is Python.  

The system initialization phase needs to import the package needed by the program. 

The program needs to support My SQLdb package of My SQL database, serial package 

for serial operation, math package for data operation, urllib2 package for network 

connection and JSON package for import. Adjust the serial baud rate of raspberry pie 

to STM32 serial port baud rate, and then wait for instruction input. After receiving the 

data, parsing the data and performing corresponding operations. In order to change 

the location of books, borrow books and activate reader cards, we need to rewrite the 

database. The function of new books on the shelf needs to wait for the scanner to 

scan the ISBN code of books. Then we search the book data in the network database 

according to the ISBN code, and parse the unsolved network data in JSON format. 

Finally, we need to wait for the scanner to scan the ISBN code of books. Store the 

parsed data into the database. 
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3. Summary  

Nowadays, the building area of all kinds of libraries is expanding day by day, the 

burden of infrastructure is also increasing day by day, and the information and carrying 

load of service system are also increasing. Once these huge volumes of information 

break down, it may bring great impact to libraries. Our system is based on the existing 

library platform. Starting from the RFID technology of wireless communication 

technology, we have carried out research and development on Book sensing and 

management. The system uses RFID and Eclipse platform development technology to 

realize the functions of real-time location of books in intelligent library, unmanned 

borrowing and returning books, online indexing of books, search of book information 

and so on. The system can improve the efficiency of book management, enhance user 

experience, and present a new library management mode in the Internet era.  

 

Acknowledgments 

This work was partially supported by School of Electrical and Information Engineering 

Scientific and Technological Innovation Project for College Students. 

 

References 

[1] Liu Shao-rong, Du Yeli, Zhang Lijuan. Analysis of the Current Use of RFID in Libraries [J]. 
Journal of University Library, 2011 (1): 83 - 86.            

[2] Liu Yan compiled.RFID communication testing technology and application [M]. Beijing: 
People's post and Telecommunications Publishing House, 2010.             

[3] Zhang Bo, Li Xiaofeng. The principle, application and development of RFID in the 21st 
century [J]. Information and Computer, 2012 (1):38.             

[4] Zheng Hexi, Chen Xiangguo, Guo Zerong and others. WSN RFID Internet of Things 
Principles and Applications [M]. Beijing: Electronic Industry Press, 2011 

[5] Wang Qingkai. Research on Library Management System Based on RFID [J]. Information 

Science, 2012, 30 (12): 1837-1839.  

 

 


