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Abstract 
 

Background/Objectives: Most companies use a variety of assets for their operations. However, most companies use inefficient methods, 

such as on-the-spot inspections once or twice a year, instead of using the newest IT technology to manage their valuable assets. Furthermore, 

there is no pre-control and post-management system to prevent external leakage and the loss of expensive and portable assets. 

Methods/Statistical analysis: This study aims to study a practical and smart asset management system that can manage the real-time 

locations and the movement statuses of assets using the existing Radio-Frequency Identification (RFID) technology and the newest Blue-

tooth Low Energy (BLE) technology. 

Improvements/Applications: Through the Smart Asset Management System developed through this study, it was possible to improve the 

accuracy of assets due diligence and shorten the time, and provide asset position information to the manager in real time, thereby reducing 

the manpower, time and cost for asset management work. As a result of the study, a Smart Asset Management System (SAMS) was 

developed using two IoT technologies and the system was used for 11 months in the field. When the relevant system was applied to the 

field, there were some effects such as,the improvement in accuracy, the reduction in input manpower, the reduction in input time, and the 

reduction in the number of times of surveyscompared to past manual asset management. 
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1. Introduction 

Currently, the National Research Council of Science & Technology 

(NST) and 25 affiliated research institutes have a large number of 

research assets allowing for the performance of researchers' unique 

missions. However, 20 of the 25 research institutes manage re-

search assets using inefficient methods, such as on-the-spot inspec-

tions once or twice, utilizingbar code technology instead of the 

newest IT technology, and have no advanced prevention or post-

management system in relation to the loss of research assets. The 

remaining five research institutes are using RFID technology to 

manage their assets and conduct due diligence. However, since they 

use 5~6 years old RFID technology and equipment that have prob-

lems of short distances of asset recognition and low recognition 

rates, they have difficulties in efficiently managing assets as they 

actually exist. 

With a view to improving the inefficient asset management method, 

this study aims to develop a practical system that can simultane-

ously utilize the RFID technology and the BLE technology, which 

are two types of IoT technology. This study is based on the case of 

the construction of an asset management system of the government-

funded "K" research institute affiliated to the National Science and 

Technology Council of Korea (NST). 

 

 

 

 

2. Related researches 

2.1. Internet of things (IoT) 

Internet of Things (abbreviation, IoT) is a technology that embeds 

sensors and communication functions in items, such as various em-

bedded systems that are included inhome appliances, mobile equip-

ment, and wearable computers allowing those items to connect to 

the Internet 1, 2, 3. 

According to a survey by Gartner (2009) and Cisco Systems, “the 

number of IoT things will exponentially increase to 26 billion by 

2020” 4, and “the economic value during 2013-2022 will reach 14.4 

trillion dollars” 5. 

The technologies included in IoT are summarized as shown in Fig-

ure 16. 
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Fig. 1: Scope of Iot. 

2.2. Radio-frequency identification (RFID) 

The Radio-Frequency Identification (RFID) technology refers to 

technology that uses radio waves to recognize information over a 

long distance. An RFID system is a system that identifies IDs using 

frequencies. It is also called electronic tagging and consists of an 

RFID tag and anRFID reader. An RFID tag is composed of an an-

tenna and an integrated circuit. The integrated circuit has a function 

to record information, and the antenna has a function to transmit the 

information to the RFID Reader. The RFID systems recognizes 

RFID tags through radio waves, can read tags from a long distance, 

and can receive information without concern for objects passing be-

tween the tag and the reader. RFID systems have many advantages 

and disadvantages. The advantages include the fact that they can be 

semi-permanently used, easy data storage, the fact that RFID tags 

can be recognized during movements, the fact that RFID tags can 

be recognized without contact, the fact that they can be repeatedly 

reused, and the fact that information from multiple tags can be rec-

ognized simultaneously.The disadvantages include high prices, the 

fact that frequencies differ country-by-country, limited ranges of 

the application of radio waves, and the fact that information can be 

leaked7. According to IDTechEx (2017), the value of the RFID 

market is expected to rise to US $ 18.68 billion by 2026 8. 

2.3. Bluetooth low energy (BLE) 

Beacon was originally a term that referred to devices that periodi-

cally transmit signals to inform the locations of signal fires and 

lighthouses and deliver various kinds of information. For beacons 

to play the role of reference points to inform locations and actually 

deliver information, communication technologies such as ultrasonic 

waves, infrared rays, and Bluetooth are necessary. Depending on 

the kinds of signals transmitted, beacons can be classified into bea-

cons using ultrasonic waves or visible light, sound-based low-fre-

quency beacons, LED beacons, Wi-Fi beacons, and Bluetooth bea-

cons. In recent years, Bluetooth Low Energy (BLE) -based short-

range wireless communication devices are generally called bea-

cons9. 

BLE Beacons have advantages that includelow battery consump-

tion compared to existing technologies, so that a BLE Beacon can 

be used for about two years with a small coin battery 10 and that 

their recognition distance is longer than of Near Filed Communica-

tion (NFC) technology, which is one of the RFID technologies, and 

can communicate up to around 50m. Because of the advantages of 

BLE Beacons, such as low power, low cost, and the fact that they 

can be applied to diverse areas of utilization, indoor location ser-

vices using Beacons has been attracting attention recently11. 

 

 

 

3. The asset management system based on IOT 

3.1. System structure 

The Smart Asset Management System (SAMS) has been developed 

to simultaneously use the Radio-Frequency Identification (RFID) 

technology, which was widely used in the past among IoT technol-

ogies, and the Bluetooth Low Energy (BLE) technology, which was 

introduced recently, using the Oracle DB to manage collected data, 

and WEB technology to provide user interfaces. 

In this study, to develop asset management functions utilizing RFID 

technologies, 20,000 passive RFID tags, two RFID readers, two 

RFID gates, two RFID tag printers, and two notebooks were used. 

The RFID Tag Printers were used to input major asset information 

such as asset name, asset number, the date of first introduction, in-

troduction price, and first introducer into RFID Tags in the form of 

stickers. The RFID Tags were used in the form of stickers and at-

tached to assets that are not frequently moved such as desktop PCs, 

monitors, desks, chairs, and notebooks. The RFID tags used in this 

study has a size of 95mm * 25mm * 0.5mm as shown in Figure 

2.The RFID Tags were used for data communication with the RFID 

Readers and the 900MHz system, which is the standard RFID fre-

quency band of South Korea, was used as a communication method. 

As shown in Figure 3, the RFID readers have a 400mm long scoop 

shapeand can recognize multiple RFID tags within 10m simultane-

ously. 

The RFID Gates are stand-shaped RFID readers as shown in Figure 

4 and have a size of 1500mm * 500mm * 100mm. The RFID Gates 

were installed at the entrances and exits of buildings and were used 

to automatically identify the entry and exit details of the assets with 

attached RFID Tags. The RFID Gates utilize a middleware server 

connected through LAN cables to transmit the entry and exit infor-

mation of the assets with attached RFID Tags to the DB Server in 

real time. 

The notebooks were used to automatically collect the RFID tag in-

formation collected by the RFID readers and to drive the Web pro-

gram with a function to transmit the collected information to the 

DB server in real time. 

 

 
Fig. 2: Rfid Tag. 
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Fig. 3:.Rfid Reader. 

 

 
Fig. 4: Rfid Gate. 

 

Todevelop asset management functions using the BLE technology, 

50 BLE tags, four BLE Wifi /APs, three Wifi APs, and one Desktop 

PC were used. 

The BLE Tags are 40mm * 31mm * 10mm sized devices that trans-

mit short distance signals as shown in Figure 5. Each of the BLE 

Tag has a built-in coin-shaped battery that can be used for about 

one year. Each Tagfunctions as a motion sensor anda buzzer (beep 

sound generation) as well asfor a blinking LED and allows for mu-

tual communication with BLE Wifi / Aps in the Bluetooth 4.0 sys-

tem. In this study, BLE tags were attached to 200 assets to manage 

high-priced assets that are frequently moved such as notebooks and 

tablet PCs. 

The BLE Wifi/APs are sized 90mm*128mm*18.5mm as shown in 

Figure 6 below and were used to collect information from BLE 

Tags within a radius of 25m and transmit the collected information 

with to the DB Server through Wifi /APs in Figure 7. 

The asset management functions using the BLE technology do not 

require firsthand visits to the site, unlike the RFID technology that 

requires firsthand visits to the site for assets due diligence and ena-

ble asset management in real time at the office using the Web pro-

gram.  

 

 
Fig. 5: Ble Tag. 

 

 
Fig. 6: Ble Wifi/Ap. 

 

 
Fig. 7: Wifi/AP. 

 

The SAMS can selectively use the RFID technology and the BLE 

technology according to the types of assets and the purposes of asset 

management and can provide asset information such as the loca-

tions of assets and details of movements in real time based on the 

collected data utilizing the web program. The structure of the 

SAMS is as shown in Figure 8 below.  
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Fig. 8: The System Structure of Smart Asset Management System. 

3.2. Web service menu 

The web program for asset management has diverse functions and 

the main functions are basic information management, assets due 

diligence inspection, asset change management, and tag manage-

ment. 

The entire menu structure consists of five large menus and 21 small 

menus. The detailed menu structure is shown in Figure 9. 

 

 
Fig. 9: Web Program Menu Configuration of Smart Asset Management 

System. 

4. Effect of smart asset management system 

In this study, an asset management system that can simultaneous-

lyuse the RFID technology and the BLE technology was developed 

and the developed system was actually applied to the government-

funded 'K' researchinstitution and operated for 11 monthsas shown 

in Table 1. 

To manage assets that are not frequently moved such as desktop 

PCs, Monitors, notebooks, desks, and chairs among the research as-

sets held by 'K' research institute, 20,000 RFID tags, two RFID 

readers, and two RFID gateways were utilized and to manage note-

books and tablet PCs that are frequently moved, 50 BLE tags, four 

BLE Wifi /APs, and three Wifi APs were utilized to conduct actual 

asset management. 

During the actual 11 months of operation, many problems that had 

occurred in asset location identifying surveys conducted manually 

in the past could be solved.In particular, when the RFID technology 

was utilized to locate assets, unlike the assets due diligence con-

ducted in the past, in which assets were visually inspected one by 

one, the locations of multiple assets at 1~2 m distances from each 

other could be accurately identified simultaneously through RFID 

readers, and asset entry and exit information could be managed 

through RFID Gates. When the BLE technology was utilized to lo-

cate assets, the locations of all assets attached with BLE tags within 

a radius of 20 meters from each BLE Wifi/AP could be identified 

in real time.  

In the past, to identify the locations of assets, 'K' research institute 

carried out manual assets due diligence twice per year for three 

months, each time with three people. However, there were difficul-

ties in accurate due diligence because of omission and duplications. 

When the smart asset management system was utilized, assets due 

diligence could be conducted more accurately than in the past 

through one field survey per year for one month, with two people 

and asset information could be monitored in real time through the 

web program. 

 
Table 1: Comparison of Manpower Input 

 Before After 
In-

crease 

Efficiency 

(%) 

Manpower 3 2 -1 33%↑ 
Inspection term 

(Month) 
2 1 -1 50%↑ 

Count of inspection 

(per year) 
2 1 -1 50%↑ 

Total 
(Man/Month) 

12M/M 2M/M 
-
10M/M 

83%↑ 

5. Discussion 

In this study, a Smart Asset Management System (SAMS) was de-

veloped using two IoT technologies and the system was used for 11 

months in the field. When the relevant system was applied to the 

field, there were effects such as,the improvement in accuracy, the 

reduction in input manpower, the reduction in input time, and the 

reduction in the number of times of surveys were conducted 

ascompared to past manual asset management. However, some 

problems such as short recognition distances and low recognition 

rates were found while the system was actually operated. 

The biggest problems of the RFID technology wereshort recogni-

tion distances and low recognition rates of RFID tags. Although the 

theoretical recognition distance of RFID tags is approximately 10m, 

the stable recognition distances were shown to be 1 ~ 2m at sites 

where there were obstacles, such as partitions, desks, chairs, and 

monitors. In the case of RFID gates, the recognition rates signifi-

cantly decreased in cases where the RFID tags were attached to 

metal surfaces or covered by metal or thick books and cases where 

RFID tags could not be recognized. The recognition rates were im-

proved when a 1mm thick rubber shielding material was used be-

fore RFID Tags were attached to the surface of notebooks so that 

RFID Tags would not come into direct contact with metal. How-

ever, a disadvantage is that the thickness of the RFID tag increased 

occurred. If RFID Tags are developed to have a shielding function 

and to remain thin, the rate of use in the field will be increased. 

The biggest problems of the BLE technology include the large size 

(40mm*31mm*10mm) of BLE Tags, the short battery life (1 year), 

the high cost (about U$ 8 each), and the fact that locations cannot 

be more accuratelylocated to than within 1~2 meters. The BLE tag 

size is expected to be improved thanks to the development of inte-

gration technology. The battery lifetime is expected to be improved 

to at least two times the current lifetime if the function of BLE Tags 

is improved, so that the BLE Tags operate only when called or when 
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an event has occurred, instead of constantly using the power source. 

In addition, the problem in identifying locations is expected to be 

partially solved if absolute position BLE tags are attached to the 

office wall or column to indicate the three-dimensional coordinates 

(XYZ). Furthermore, it is expected that more accurate locations can 

be identified by attaching more absolute position BLE tags. How-

ever, if many BLE Tags, which are about U$ 8 each, are used, a 

large budget is expected to be consumed for installation and mainte-

nance. 
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