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Radio Frequency Identification (RFID) refers to a wireless system comprising two 
components: tags and readers. The reader is a device with one or more antennas that 
emit radio waves and receive signals from the RFID tag. This system is available on most 
systems applications especially involving security systems, including house/office access 
systems, toll systems, and library systems. The accessing data is made stand-alone or 
data-based through the existing conventional RFID system on the market, especially in 
library systems. Also, the tag provided is only limited to the same type, either cards or 
stickers. From that, it will produce problems in monitoring the status of books, 
especially for loans or returns. At the same time, the difference in detection sensitivity 
will be the effect of the detection range for the types of tag used. Through this research, 
the development of adaptive RFID on IoT platforms with different types of passive tag 
library systems highly emphasized monitoring the status of books besides maximum 
range detection by using different types of passive tag and at the same time increasing 
the security by implementing the book status detection on the gate of the library. The 
tag sticker used can be read/written in the 13.56 MHz frequency with the High 
Frequency (HF) band due to its affordability and ease of implementation. RFID tags are 
embedded in all books and activated; it triggers the alarm system if the status return 
gets captured on the memory of the RFID tag. The alarm accuracy is almost 100%. The 
result showed that within the acceptable range of 5 cm, the RFID reader works 
efficiently in detecting books. It shows that the card tag gives 90% sensitivity of range 
detection, followed by the sticker and keychain tag at 70%, and, lastly, the transparent 
card tags at 40%.  
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1. Introduction 
 

Entry and exit registration for a library can be made automatically based on the latest technology. 
This can simultaneously save manpower and focus library staff on important work that can be carried 
out well. Based on the latest library management technology, the RFID-based system is the latest 
technology that is used for efficiency and at the same time reduces management costs [1-4]. In 
addition, the RFID system offers a variety of functions compared to the bar code system that has 
been used over the years [5,6]. The advantage of using the RFID system is to be able to read several 
IDs for the book at a time compared to a barcode system that can only read an ID at a time.  By 
installing a separate sorting machine, which will read the tag information from the returned items 
and sort them into the corresponding cart, it is possible to make the check-in unit more intelligent. It 
also saves time in book management, where library staff can directly manage the books that have 
been sent to the library without having to worry about the book return data. In addition, with the 
use of the RFID system, visitors and library members can perform the process of returning and 
organizing books in a self-service arrangement based on the ID that has been written in the book 
[1,7-10]. Naturally, this method works best if a user has only a few items to return. Straying and 
missing objects is a very common problem in libraries. It is also a problem that RFID can be used to 
make things easier. Using portable scanners, a librarian can easily verify if a tablet has missing or 
misplaced items, making inventory control much quicker. It could also be done so that the shelves 
themselves contain an RFID scanner that will automatically update the information to staff. In this 
way, it becomes possible to quickly check the condition of each tablet from the computer without 
having to check each tablet individually. With barcode-based systems, when a new book arrives at a 
library it needs to be labeled with a barcode and also with an electromagnetic tag that is used for 
anti-theft purposes [11,12]. In contrast, only one RFID tag may be used for both traffic management 
and anti-theft purposes. This allows new books to be processed and ready to be distributed much 
more quickly. In this way, RFID also makes safety more efficient [13-16]. 

The RFID system used in a library has a long history. The first application of radio frequency 
identification technology was fully deployed in Bukit Batok Community Library in Singapore in 1998, 
afterwards, countries like the United States, Australia, the Netherlands, and Malaysia, started using 
this technology to construct the automated library system [17]. According to Checkpoint statistics, 
more than 440 libraries around the world used RFID technology in 2005, and that number increased 
to 2,000 in 2007 and 3,000 at the end of 2009. Furthermore, the growth rate for major libraries 
worldwide using RFID technology is 30% of annual rates [18]. 

Finland's data model sets the national standard and regulations for Finland. HF tape is now widely 
accepted for library applications in Finland. The advantages of the HF library app include; 

 
i. Excellent immunity to ambient noise and electrical interferences. 

ii. Reliability of bulk tag reading, of tags in various orientations 
iii. Not affected by the shielding of the human body, making it more suitable for EAS security    
iv. features. 
v. Small tag size  

vi. Appropriate reading range  
vii. Low-cost tags and readers  

viii. Easier for overall applications because of the harmonized regulatory environment. 
ix. Ideal for item-level tracking  
x. Supported by numerous RFID label and reader vendors. 
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It has become clear that RFID offers many advantages in the use of libraries, but there are 
problems with each technology. From the client's perspective, the most disturbing issue is the 
protection of personal information. Although an RFID tag does not contain personal information, the 
tag itself makes it possible to "follow up" and "hot listing" [19]. Tracking, as the name implies, means 
tracking the movements of an RFID-embedded item by using tag readers. This, together with the "hot 
listing", a way to create a database of items and their corresponding label identification numbers, 
creates a rather serious confidentiality problem [20,21]. The main financial barrier is the cost. While 
costs are coming down, the cost of a library management system based on RFID is even more than a 
system based on bar codes and electromagnetic labels. Since the amount of money needed to update 
the TOSI is high, it is not known whether the return on investment is high enough to cover the costs 
[22-25]. While RFID facilitates the implementation of safety measures over electromagnetic tags, 
some issues undermine this benefit. Depending on the strength of an RFID reader it is possible to 
either greatly hinder or completely block the tag signal by wrapping an item, embedded with an RFID 
tag, with several layers of aluminium or tin foil. This, combined with the not always so well-
performing gate sensors, makes the risk of items getting stolen quite high. From here the standalone 
RFID system should be developed to ensure it will operate effectively if the internet or database not 
updating or in a server-down situation. Also, the different type of tag was analyzed to know the good 
types of tag that will be giving high distance detection on RFID reader. 
 
2. Methodology  
2.1 Overall System Architecture 
 

RFID technology is involved in various modules in libraries. For example, the tagging station to 
tag the RFID label on each library material and anti-theft security gates ensure the items are checked 
out before leaving the library. This measure works by detecting the RFID tags attached to the item 
and therefore activated. Besides, RFID technology is also prevalent in shelf management, such as the 
patrons can track by searching the items that were mis-shelved by using an RFID handheld reader. 
Figure 1 shows the overall system architecture of this project, SSLMS. 
 

 
Fig. 1. Overall system architecture 
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2.2 Principal of Operation 
 

A basic RFID system consists of three modules: Tags, Readers, and Antennas. An RFID tag 
comprises a coupling element and a chip; each tag has a unique electronic code attached to the object 
used to identify the target. RFID readers are devices used to retrieve and write information on RFID 
tags. There are two types of RFID tags primarily used in the market that are active and passive. Active 
RFID tags have a transmitter and power source (typically a battery). The power source is used to run 
the microchip's circuitry and broadcast a signal to a reader (how a cell phone transmits signals to a 
base station). Passive tags have no battery. This project uses the passive type. 

There are handheld readers and fixed readers. Handheld readers are designed to act like 
handheld barcode scanners, and fixed readers are mounted to read tags automatically as items pass 
nearby. The antenna emits radio signals to activate the tag and read and write data. In this system, 
there are two parts: the self-check reader (loan and return) and book reader devices. Figure 2 shows 
that the self-check devices used for writing memory from RFID cards are embedded in the book, and 
the book's status will change from the return to the loan. According to the self-check device, the data 
and book ID will transfer and record by wireless to the IoT platform. Authorized persons can only 
access the IoT platform. According to data in the IoT platform, the user's name and the book ID loan 
will be recorded for authorized person reference. 

 

 
Fig. 2. RFID writer and reader 

 
Figure 3(a) shows that a reader transfers energy to the transponder by emitting electromagnetic 

waves through the air. A transponder uses RF energy to charge up and receive data signals and 
respond accordingly. The reader receives a transponder response and sends it to a host computer or 
external devices through its control lines. The application of this project is on the in and out access 
gate. From here, the RFID receiver module will be applied. Besides, the alarm lamp and buzzer for 
the book indicator will be applied together. These systems are integrated into each other for 
complete system functioning. Figure 3(b) shows the illustration of the system diagram, and Figure 
3(c) shows the reader/receiver RFID gate. 
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(a) (b) 

  

 
(c) 

Fig. 3. Overall system devices (a) Reader (b) Concept of system (c) Receiver diagram 
 

2.3 Flow Chart 
 

Flowcharts are used in designing and documenting simple processes or programs SSLMS. Like 
other types of diagrams, they help visualize what is going on and thereby help understand a process 
of work or project. As shown in Figure 4, the flowchart shows the book issuing or loan and return 
process workflow. Books must be recorded at the user desk counter for loan and return conditions. 
Here the RFID reader/writer will detect the tag that has been attached to the book. Then the librarian 
will push the "PEMINJAMAN" pushbutton to write the tag's memory which is for loan condition, and 
the memory of the RFID transmitter/card will be recording the “Pinjaman_Buku_Li" status; 
otherwise, the status of the book is recorded the "Pulangan_Buku_Li “. In addition, the user ID and 
ID book will be recorded in the IoT cloud platform for monitoring. When the book is taken to cross 
the security gate, the RFID reader at the gate will detect whether the book has been recorded for 
loan condition “Pinjaman_Buku_Li” or return condition “Pulangan_Buku_Li". The alarm and buzzer 
at the security gate will activate once the RFID reader triggers the return condition 
"Pulangan_Buku_Li" condition. The alarm will be disabled after 5 seconds activates. 
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Fig. 4. Flow Chart for the overall process 

 

2.4 Schematic Diagram 
 
In RFID system development, two primary circuits have been built to ensure that the SSLMS can 

function very well. It includes the read/write circuit and reader circuit. The read/write circuit 
development was made for recording the user and book ID in the IoT platform and changing the 
book's status in RFID memory, either return or loan. Figure 5 shows the read/write circuit for 
changing the book's status on the memory of the RFID sticker. The read/write circuit consists of five 
parts, i.e., Microcontroller, RC522 module, LEDs, Button Selector, and LCD. RC522 module functions 
to read or write the id RFID sticker/card. The user should swipe the two stickers/cards. The first card 
is a user ID card, and the next is an RFID sticker in the book for ID recording. The book's status 
recording can be selected either for loan "PINJAMAN" or return "PULANGAN". The LED will be lit 
according to the "loan – Green LED" or "return - red LED" status button. Lastly, the LCD will display 
the book's status selected, and at the same time, all will be sent to the IoT platform for recording. 
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Fig. 5. Sketch wiring circuit module 1; RFID system at counter 

 
The sketch shows a second schematic circuit that functions as a reader for reading the memory 

in the RFID sticker attached to the book. It then triggers the alarm when the status book is not in loan 
condition. Figure 6 shows the reader circuit that has been built. Here are four parts, i.e., 
microcontroller, RFID reader, LEDs, and buzzer. The RFID reader functions to read the book's RFID 
sticker/card status. If the RFID sticker/card is in status loan, the green LED will be lit in 2 seconds; 
otherwise, the red LED will be lit in 2 seconds, followed by the buzzer sound. 

 

 
Fig. 6. Sketch wiring circuit module 2; RFID system at security 
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To ensure that the monitoring of incoming and outgoing books can be done, then the application 
of the IoT system has been built. The Blynk IoT platform has been used in recording the user ID and 
book ID, including the time, and all data were recorded in the Blynk cloud. The librarian / authorized 
person can monitor the number of books incoming and outgoing every day by using a smartphone 
or PC. The report of incoming and outgoing books in the Blynk IoT platform in CSV format can be 
transferred to a PC and can be opened by using Excel. Figure 7 shows the IoT Blynk platform used in 
this research for id-data collection. 

 

 
Fig. 7. IoT Blynk platform 

 
3. Results  
 

The distance range detection is tested and verified by marking and testing the level of distance in 
cm with 4 different types of RFID tags. The range distance can be accurately obtained, and the data 
can be recorded for analysis. An ID RFID tag will be shown through the serial monitor, and from here, 
the distance range can be identified. Figure 8 shows the verification test conducted to get the correct 
distance range and the distance range being incremented by 0.5cm. 
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Fig. 8. Memory access for book conditioning 

 

Table 1 shows that the sensitivity detection ranges between the RFID readers and different types 
of tags. The four types of RFID tags were used, i.e., card, sticker, keychain, and transparent card. The 
detection range is set to only 5cm according to the maximum sensitivity of detection on the reader. 
Each type of card was tested ten times using the sampling test. Based on the results, the card tag 
types indicated a higher detection range up to 90%. Sticker and keychain types followed suit with 
70%, and lastly, the transparent card recorded a 40% detection range. According to the observation, 
the effect of material and thickness of the tag has a high effect on range detection in RFID systems. 

 
Table 1 
Data range detection from RFID reader and transmitter 
Types of Card Detection Distance (cm) 

0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0 

Card                         (1) YES YES YES YES YES YES YES YES YES NO 
Sticker                     (2) YES YES YES YES YES YES YES NO NO NO 
Keychain                 (3) YES YES YES YES YES YES YES NO NO NO 
Transparent Card  (4) YES YES YES YES NO NO NO NO NO NO 

 
To prove that all parameters and data collected are significant, then the Design of Expert (DOE) 

software is used. The response surface with the Central Composite type is used to identify the 
optimum range detection of RFID based on the two inputs, i.e., distance and types of RFID. The 
ANOVA result shows that the range detection in Table 2 and all parameters used are significant. The 
significant value can be identified when the value of Prob>F is less than 0.05. The table below shows 
the value of Prob>F for A-Types of RFID and B-Distance, respectively 0.0006 and <0.0001. The Model 
F-value of 24.26298 indicates that the model is statistically significant. Due to noise, there is only a 
0.01 percent chance that a "Model F-value" this large will occur. Model terms are significant when 
"Prob > F" is less than 0.0500. A and B are essential to model terms in this scenario. Values greater 
than 0.1000 indicate that the model terms are not significant. Model reduction may improve the 
model if there are many inconsequential model terms (not including those required to support 
hierarchy). 
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Table 2 
ANOVA for response surface quadratic model analysis of variance table [Partial sum of squares - 
Type III] 
Source Sum of 

Squares 
df Mean 

Square 
F 
Value 

p-value 
Prob > F 

 

Model 5.871212 3 1.957071 24.26298 < 0.0001 significant 

A-Types RFID 1.125 1 1.125 13.9473 0.0006 
 

B-Distance 4.261364 1 4.261364 52.83068 < 0.0001 
 

B^2 0.484848 1 0.484848 6.010957 0.0192 
 

Residual 2.903788 36 0.080661 
   

Cor Total 8.775 39 
    

 

The relation between distance, types of RFID, and detection can be translated in the 3D graph 
below in Figure 9. The red color represents the maximum or optimum value and the blue color for 
the minimum value. According to the figure below, the maximum detection can be found using RFID 
type 1 (Card type), which can be reached until a 4.5cm distance range detection. The sensitivity of 
detection is low after passing the 4.5cm range distance. The lower or minimum distance detection is 
shown using RFID type 4 (transparent card), which can only achieve up to 2.75cm, representing a 
green color. The higher detection can be found when the distance RFID tag near the reader means 
that the distance range is lower than 0.5cm. 
 

 
Fig. 9. 3D surface graph for detection condition, types of RFID, and distance range detection 

 
Based on the sampling data analysis from ANOVA, the mathematical modeling is shown in Eq. (1) 

and Eq. (2) for the relationship between distance and types of tag RFID and the resulting detection 
sensitivity. Where A represents the Types of RFID and B is the distance range. 

Final Equation in Terms of Coded Factors:  
 
Detection = (+0.80) - (0.23*A) - (0.51*B) - (0.31*B2)         (1) 
 

Final Equation in Terms of Actual Factors: 
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Detection = (+1.34167) - (0.15000*Types RFID) + (0.10606*Distance) - (0.060606*Distance2)   (2) 
 
4. Conclusions 
 

Finally, this work has successfully developed and characterized the design of an adaptive RFID 
RC522 on an IoT platform with different types of passive tags based on self-service library 
management systems. In this project, the RFID RC522 reader is used, which has several characteristics 
to boost performance and energy-saving, and power optimization. With card tag kinds, the maximum 
distance that the RFID reader can obtain after the analysis is 4.5cm, and the reader can also identify 
the book even when barriers are present. The proposed library system solution improves user 
management by lowering the number of librarians at the counter. Future researchers can improve 
the technology to enhance the RFID system's detecting range. For example, instead of utilizing an RC 
series RFID reader (RC522), a PN series RFID reader (PN532, PN5180) can be used because of its 
reliable range detection of up to 10 meters. 
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