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ABSTRACT 

Tracking technology is getting widely used in hospitals and is expected to assist 

in tracing the location of medical equipment and preventing medical equipment from 

loss or misplacement. However, the current tracking devices have some drawbacks 

such as low accuracy, low coverage area and high power consumption. The objective 

of this study is to develop a new hybrid tracking system to overcome these drawbacks. 

A new tracker device that uses Ultra-Wide Band (UWB) as the main module which 

has a high level of accuracy was developed and tested in this study. This study also 

presented several methods for improving the coverage area of the new tracker system, 

such as mapping the Received Signal Strength (RSS) of DWM1001-UWB anchors, 

combining it with an ESP8266-Wi-Fi module for a wider range of coverage area and 

using QR Code as a backup solution when the UWB and Wi-Fi modules are not 

working optimally. Additionally, this study has also optimized the battery life of the 

new tracker by removing the responsive mode of the UWB module. The new tracker 

was tested in a simulation-lab environment. The data of the movement of the tracker 

was collected in the JavaScript Object Notation (JSON) form and has been visualized 

by using Message Queuing Telemetry Transport (MQTT) method to the web-

application. It was discovered that the new tracker has an accuracy of 74.6 mm-113.6 

mm. It was also discovered that combining UWB with Wi-Fi and QR-Code as a hybrid 

system with one web-application can improve the tracker's coverage area. The battery 

lifetime of the new tracker was also estimated based on the type of usage and this can 

assist in ensuring that the tracker is constantly operating and does not lose signal due 

to running out of power. Results showed that with the typical active usage of 8 

hours/day, the new tracker is capable of operating for 14.7 months. This study has 

succeeded in realizing a new hybrid tracker system with higher accuracy, higher 

coverage area and lower power consumption, consisting of UWB as the main module, 

with Wi-Fi module and QR-Code as a backup solution. The new tracker can become 

a single unit board and integrated in a single web-application. 
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ABSTRAK 

Teknologi peranti pengesan telah digunakan secara meluas di hospital dan ia 

dijangka dapat membantu dalam mengenalpasti lokasi peranti perubatan, bagi 

mencegah kehilangan peranti perubatan atau kecuaian penyimpanan. Walau 

bagaimanapun, peranti pengesan yang ada pada hari ini mempunyai beberapa 

kelemahan seperti ketepatan yang rendah, kawasan liputan yang terhad dan 

penggunaan tenaga yang tinggi. Objektif kajian ini adalah untuk membina sistem 

pengesan peranti perubatan hibrid baharu untuk mengatasi kelemahan ini. Peranti 

pengesan baharu yang menggunakan Ultra-Wide Band (UWB) sebagai modul utama 

dan mempunyai tahap ketepatan yang tinggi telah dibina dan diuji di dalam kajian ini. 

Kajian ini juga membentangkan beberapa kaedah untuk meningkatkan kawasan 

liputan pengesan baharu, seperti memetakan kekuatan isyarat terimaan (RSS) bagi 

Anchor DWM1001-UWB, menggabungkannya dengan modul ESP8266-Wi-Fi untuk 

memperoleh kawasan liputan yang lebih luas, dan menggunakan QR-Code sebagai 

penyelesaian alternatif apabila modul UWB dan Wi Fi tidak berfungsi   secara 

optimum. Selain itu, kajian ini juga memanjangkan hayat bateri peranti pengesan 

baharu dengan mengalih keluar mod responsif modul UWB.  Peranti pengesan baharu 

ini telah diuji dalam persekitaran makmal simulasi. Data pergerakan peranti pengesan 

ini telah dikumpulkan dalam bentuk JavaScript Object Notation (JSON) dan telah 

divisualisasikan menggunakan kaedah Message Queuing Telemetry Transport 

(MQTT) ke aplikasi sesawang. Berdasarkan data yang telah dikumpul, ia dapat dilihat 

bahawa peranti pengesan baharu ini mempunyai ketepatan sebanyak 74.6 mm-113.6 

mm. Ia juga mendapati bahawa menggabungkan UWB dengan Wi-Fi dan QR-Code 

sebagai sistem hibrid dengan satu aplikasi sesawang dapat meningkatkan kawasan 

liputan pengesan. Jangka hayat bateri peranti pengesan baharu juga telah berjaya 

dianggarkan berdasarkan tren penggunaan aktif selama 8 jam sehari dan ini mampu 

memastikan peranti pengesan sentiasa beroperasi dan tiada kehilangan isyarat berlaku 

akibat kehabisan tenaga.  Keputusan menunjukkan bateri peranti pengesan ini boleh 

berfungsi selama 14.7 bulan. Kajian ini telah berjaya merealisasikan sistem peranti 

pengesan hibrid baharu dengan ketepatan yang lebih tinggi, kawasan liputan yang 

lebih jauh dan penggunaan tenaga yang lebih efisyen yang terdiri daripada UWB 

sebagai modul utama, dengan modul Wi-Fi dan QR-Code sebagai penyelesaian 

alternatif. Peranti pengesan baharu ini mampu menjadi papan unit tunggal serta 

dikombinasikan denganWeb-application tunggal.  
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CHAPTER 1  

 

 

INTRODUCTION 

1.1 Problem Background 

In recent years, hospitals have faced significant cost pressures in terms of their 

management system, in terms of maintaining their medical equipment, how to monitor 

the productivity of their medical equipment, how to monitor their services to patients 

(1,2). there are a lot of lost assets, not in the right place, wasted accidentally (3), nurses 

need a very long time to find medical equipment, which of course is very detrimental 

in terms of time and resource, many equipment are damaged unnoticed, many 

equipment are needed at the same time by other users, technicians find it difficult to 

identify assets and various other problems that can be caused by poor management 

systems for assets in hospitals (4). With the increasing burden on patients in the 

hospital, the need for stable management is needed, and the demand for medical 

supplies will always increase. Therefore, it is very important to ensure that they are 

used effectively (4,5). 

Recognizing that poor tracking system of medical equipment will reflects 

ineffective use of organizational assets, Hospital assets play an important role in 

providing health care. The increasing number of hospital assets, however, brings 

important issues related to asset productivity, security, safety, and sustainability (6,7) 

and the current error-prone manual system makes it difficult to track the movement of 

medical equipment. Conventional paper-based asset management is not really 

effective to use for a large number of assets in the hospital (8) It is clear that hospitals 

must upgrade their technologies. The rapid advancement of technology allows us to 

overcome this problem, one solution is to use Internet-of-Things (9–11), specifically 

called as Realtime Localization System (RTLS), DWM1001 is one of the UWB 

modules that researchers can develop to be used as a RTLS Tracker. The tracker must 

be able to collect information about the location of the medical equipment, and 
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condition of the medical equipment, and also can be customized for patient needs as 

well (9–11). This data can be used to estimate patterns to encourage asset management 

to achieve the optimal distribution of medical equipment available throughout the 

hospital. 

The ability to know the location of medical equipment is not enough, with IoT-

based technology, in addition to location, another features that can greatly help the 

management system in Hospital could also be implemented (12), such as, the ability 

to find out whether the object (could medical equipment or patient) is falling or not, 

so the hospital can find out more early on (13–15), the device can also send a signal in 

the form of a help button, so that officers can be notified more quickly, features like 

this will certainly make work at the hospital easier (16–18). 

With a variety of complexities in the hospital, tracker made should also adjust 

to these complexities. with many medical equipment in the hospital, many rooms and 

barriers, many people passing by, requires that the Tracker is guaranteed to be reliable, 

and customizable (12,19,20). 

1.2 Problem Statement 

There are many smart trackers available in the market, they use either low-cost 

technology such as barcode (21,22) and RFID (23–26), or they use high-cost 

technology (chip-based tracker). However, the existing trackers have some drawbacks. 

They are either for special purpose with limited function only or very complex and 

expensive. There are some trackers that focused only for location tracker, or 

temperature condition only. Some trackers don’t give information real-time, such as 

barcode and RFID (22,27–31), some complex trackers provide real-time information, 

but it is costly and not accurate such as Wi-Fi and BLE. In order to overcome this 

problem, a new hybrid tracker for hospital management and special platform for 

implementation, has been explored and realized. 
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1.3 Research Objectives 

The objectives of this thesis are: 

1. To develop a new hybrid QR Code, Wi-Fi and Ultra-Wideband tracking system 

2. To test and evaluate the new hybrid tracking system. 

1.4 Research Scope 

The scope for this research includes:  

1. Literature Study 

2. Software Specification Design  

3. Tracker Hardware Design 

4. Design Implementation 

5. Test Design  

6. Data Analysis 

7. Paper and Report Writing 

1.5 Thesis Organization 

This Thesis is generally divided into five chapters. Each chapter can be divided 

into one or more sections. with the presentation as follows: 
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- Chapter I INTRODUCTION 

This chapter discusses the background of the thesis, problem 

formulation, objectives, problem boundaries, research 

methodology and writing systematics. 

 

- Chapter II LITERATURE REVIEW 

This chapter contains the basics of theory, information and 

alternative designs needed by the author to meet the 

specifications of the technology and module to design and 

implement this thesis. 

 

- Chapter III RESEARCH METHODOLOGY 

This chapter describes the specifications, the process of 

designing algorithms localization and implementation on the 

Tracker. 

 

- Chapter IV RESULTS AND ANALYSIS 

This chapter explains about results, including testing systems 

designed and verified with system specifications made.  

and contain the discussion about the interpretation of the results, 

opinion and recommendation for the next thesis. 

 

- Chapter V CONCLUSSION AND RECOMMENDATIONS 

This chapter contains conclusions from the results obtained in 

this thesis, along with suggestions for future development. 

 

 



 

69 

REFERENCES 

1.  Wang B. Medical equipment maintenance: Management and oversight. 

Synthesis Lectures on Biomedical Engineering. 2012;45.  

2.  Bahreini R, Doshmangir L, Imani A. Affecting medical equipment maintenance 

management: A systematic review. Journal of Clinical and Diagnostic 

Research. 2018;12(4).  

3.  Patil R, Nema S, Kadam S. Radio frequency identification system for asset 

tracking and inventory management in hospitals. In: 2017 4th International 

Conference on Signal Processing and Integrated Networks, SPIN 2017. 2017.  

4.  Bahreini R, Doshmangir L, Imani A. Influential factors on medical equipment 

maintenance management: In search of a framework. Journal of Quality in 

Maintenance Engineering. 2019;25(1).  

5.  Dommasch M, Spinner CD. Triage strategy for suspected cases of COVID-19 

with increasing numbers of patients. Vol. 23, Notfall und Rettungsmedizin. 

2020.  

6.  Wang M. Large medical equipment in hospital management and its economic 

benefits. International Journal of Circuits, Systems and Signal Processing. 

2020;14.  

7.  Quiroz-Flores CP. The management of medical equipment in the challenges of 

the national health system: A review. Revista Mexicana de Ingenieria 

Biomedica. 2020;41(1).  

8.  Castro L, Lefebvre E, Lefebvre LA. Adding intelligence to mobile asset 

management in hospitals: The true value of RFID. Journal of Medical Systems. 

2013;37(5).  

9.  Krishnan DSR, Gupta SC, Choudhury T. An IoT based Patient Health 

Monitoring System. In: Proceedings on 2018 International Conference on 

Advances in Computing and Communication Engineering, ICACCE 2018. 

2018.  

10.  Durbin M, Hildwein R. Asset management as a tool to improve patient care. 

Health management technology. 2013;34(6).  



 

70 

11.  Hafsiya TH, Rose B. An IoT-Cloud Based Health Monitoring Wearable Device 

for Covid Patients. In: 2021 7th International Conference on Advanced 

Computing and Communication Systems, ICACCS 2021. 2021.  

12.  Fang N-C. Using Internet of Things (IoT) Technique to Improve the 

Management of Medical Equipment. European Journal of Engineering 

Research and Science. 2019;4(5).  

13.  Li R, Wei X, Xu J, Chen J, Li B, Wu Z. Smart wearable sensors based on 

triboelectric nanogenerator for personal healthcare monitoring. Micromachines. 

2021;12(4).  

14.  Epidemiologic Characteristics of Fall-down Injuries Children Patients. 

의료경영학연구. 2020;14(1).  

15.  Juang LH, Wu MN. Fall Down Detection Under Smart Home System. Journal 

of Medical Systems. 2015;39(10).  

16.  Poongodi M, Sharma A, Hamdi M, Maode M, Chilamkurti N. Smart healthcare 

in smart cities: wireless patient monitoring system using IoT. Journal of 

Supercomputing. 2021;77(11).  

17.  Sinnapolu GB, Alawneh S. Integrating wearables with cloud-based 

communication for health monitoring and emergency assistance. Internet of 

Things (Netherlands). 2018;1–2.  

18.  Suryo Prayogo S, al Rafi F, Mukhlis Y. Design and Built IoT Home Panic 

Button for Smart City. In: Journal of Physics: Conference Series. 2019.  

19.  Nutdanai S, Pornthip L, Sanpanich A. Development of an information system 

for medical equipment management in hospitals. In: BMEiCON 2016 - 9th 

Biomedical Engineering International Conference. 2017.  

20.  Mavrogiorgou A, Kiourtis A, Perakis K, Pitsios S, Kyriazis D. IoT in 

Healthcare: Achieving Interoperability of High-Quality Data Acquired by IoT 

Medical Devices. Sensors (Basel, Switzerland). 2019;19(9).  

21.  Hachesu PR, Zyaei L, Hassankhani H. Recommendations for using barcode in 

hospital process. Acta Informatica Medica. 2016;24(3).  

22.  Ehteshami A. Barcode technology acceptance and utilization in health 

information management department at academic hospitals according to 

technology acceptance model. Acta Informatica Medica. 2017;25(1).  



 

71 

23.  Romero A, Lefebvre E. Combining barcodes and RFID in a hybrid solution to 

improve hospital pharmacy logistics processes. International Journal of 

Information Technology and Management. 2015;14(2–3).  

24.  Hariraj SVALK, Selvarajah V. Implementation of rfid technology in managing 

health information in a hospital. International Journal of Current Research and 

Review. 2020;12(20).  

25.  Cheng CH, Kuo YH. RFID analytics for hospital ward management. Flexible 

Services and Manufacturing Journal. 2016;28(4).  

26.  Jones EC, Gupta S, Balasubramanian S sekar. Hospital supply chain 

management by implementing RFID. International Journal of Supply Chain 

Management. 2015;4(3).  

27.  Darawad MW, Othman EH, Alosta MR. Nurses’ satisfaction with barcode 

medication-administration technology: Results of a cross-sectional study. 

Nursing and Health Sciences. 2019;21(4).  

28.  Barakat S, Franklin BD. An Evaluation of the Impact of Barcode Patient and 

Medication Scanning on Nursing Workflow at a UK Teaching Hospital. 

Pharmacy. 2020;8(3).  

29.  Lai HM, Lin IC, Tseng LT. High-level managers’ considerations for RFID 

adoption in hospitals: An empirical study in Taiwan. Journal of Medical 

Systems. 2014;38(2).  

30.  Coustasse A, Tomblin S, Slack C. Impact of radio-frequency identification 

(RFID) technologies on the hospital supply chain: a literature review. Vol. 10, 

Perspectives in health information management / AHIMA, American Health 

Information Management Association. 2013.  

31.  Bradley R v., Esper TL, In J, Lee KB, Bichescu BC, Byrd TA. The Joint Use of 

RFID and EDI: Implications for Hospital Performance. Production and 

Operations Management. 2018;27(11).  

32.  Mautz R. Indoor Positioning Technologies Habilitation Thesis. ETH Zurich, 

Department of Civil, Environmental and Geomatic Engineering, Institute of 

Geodesy and Photogrammetry. 2012;  

33.  Mautz R, Tilch S. Survey of optical indoor positioning systems. In: 2011 

International Conference on Indoor Positioning and Indoor Navigation, IPIN 

2011. 2011.  



 

72 

34.  Liu H, Darabi H, Banerjee P, Liu J. Survey of wireless indoor positioning 

techniques and systems. Vol. 37, IEEE Transactions on Systems, Man and 

Cybernetics Part C: Applications and Reviews. 2007.  

35.  Liu F, Liu J, Yin Y, Wang W, Hu D, Chen P. Survey on WiFi-based indoor 

positioning techniques. Vol. 14, IET Communications. 2020.  

36.  Kamel Boulos MN, Berry G. Real-time locating systems (RTLS) in healthcare: 

A condensed primer. Vol. 11, International Journal of Health Geographics. 

2012.  

37.  Shen LL, 加藤真也, 小林千秋中西優子, Wu Z, Abusara AM, Mautz R, 

Technology ICTE. Indoor Positioning Techniques and Approaches for WI-FI 

Based Systems. Institute of Geodesy and Photogrammetry. 2015;(June).  

38.  Yoo S, Kim S, Kim E, Jung E, Lee KH, Hwang H. Real-time location system-

based asset tracking in the healthcare field: lessons learned from a feasibility 

study. BMC medical informatics and decision making. 2018;18(1).  

39.  Grewal Dangi K, Yadav M, Malhotra S. Health care monitoring system an 

application of IOT using WI-FI. International Journal of Engineering & 

Technology. 2018;7(4.5).  

40.  Rocamora JM, Ho IWH, Mak WM, Lau APT. Survey of CSI fingerprinting-

based indoor positioning and mobility tracking systems. Vol. 14, IET Signal 

Processing. 2020.  

41.  Zhou M, Zhang Z, Wang Y, Nie W, Tian Z. CSI localization error bound 

estimation method under indoor Wi-Fi asynchronous effect. Scientia Sinica 

Informationis. 2021;51(5).  

42.  Dang X, Tang X, Hao Z, Liu Y. A device-free indoor localization method using 

CSI with Wi-Fi signals. Sensors (Switzerland). 2019;19(14).  

43.  Tian Z, Li Z, Zhou M, Jin Y, Wu Z. PILA: Sub-meter localization using CSI 

from commodity Wi-Fi devices. Sensors (Switzerland). 2016;16(10).  

44.  He S, Chan SHG. Wi-Fi fingerprint-based indoor positioning: Recent advances 

and comparisons. Vol. 18, IEEE Communications Surveys and Tutorials. 2016.  

45.  Alsinglawi B, Elkhodr M, Nguyen QV, Gunawardana U, Maeder A, Simoff S. 

RFID localisation for internet of things smart homes: A survey. International 

Journal of Computer Networks and Communications. 2017;9(1).  

46.  Zhang H, Zhang Z, Zhao R, Lu J, Wang Y, Jia P. Review on UWB-based and 

multi-sensor fusion positioning algorithms in indoor environment. In: IEEE 



 

73 

Advanced Information Technology, Electronic and Automation Control 

Conference (IAEAC). 2021.  

47.  Pastrav A, Simedroni R, Palade T, Dolea P, Popescu D, Puschita E. Evaluation 

of UWB Transmissions in Highly Reflective Environments. In: 2020 13th 

International Conference on Communications, COMM 2020 - Proceedings. 

2020.  

48.  Umek A, Kos A. Validation of UWB positioning systems for player tracking in 

tennis. Personal and Ubiquitous Computing. 2020;  

49.  Yao L, Yao L, Wu YW. Analysis and improvement of indoor positioning 

accuracy for uwb sensors. Sensors. 2021;21(17).  

50.  Jiménez AR, Seco F. Improving the accuracy of decawave’s uwb mdek1001 

location system by gaining access to multiple ranges. Sensors. 2021;21(5).  

51.  Gu Y, Lo A, Niemegeers I. A survey of indoor positioning systems for wireless 

personal networks. IEEE Communications Surveys and Tutorials. 2009;11(1).  

52.  Brena RF, García-Vázquez JP, Galván-Tejada CE, Muñoz-Rodriguez D, 

Vargas-Rosales C, Fangmeyer J. Evolution of Indoor Positioning Technologies: 

A Survey. Vol. 2017, Journal of Sensors. 2017.  

53.  Lee S-G, Jeong C-W, Joo S-C. Design and Implementation of Medical 

Information System using QR Code. Journal of Internet Computing and 

Services. 2015;16(2).  

54.  Chu LC, Lee CL, Wu CJ. Applying QR code technology to facilitate hospital 

medical equipment repair management. In: Proceedings - 2012 International 

Conference on Control Engineering and Communication Technology, ICCECT 

2012. 2012.  

55.  Basso-Williams M, Fletcher K, Gornick BR, Kwan K, Schlechter JA. 

Application of a Quick Response Code as an Alternative Method to Provide 

Pediatric Cast Care Instructions. Journal of the American Academy of 

Orthopaedic Surgeons Global research & reviews. 2020;4(7).  

56.  Goldsmith A. by Andrea Goldsmith. Wireless Communications. 2005;  

57.  Pierlot V, van Droogenbroeck M. A new three object triangulation algorithm 

for mobile robot positioning. IEEE Transactions on Robotics. 2014;30(3).  

58.  Cotera P, Velazquez M, Cruz D, Medina L, Bandala M. Indoor Robot 

Positioning Using an Enhanced Trilateration Algorithm. International Journal 

of Advanced Robotic Systems. 2016;13(3).  



 

74 

59.  Decawave. DWM1001 Datasheet [Internet]. 2017. Available from: 

www.decawave.com 

60.  Simedroni R, Puschita E, Palade T, Dolea P, Codau C, Buta R. Indoor 

positioning using decawave MDEK1001. In: 2020 International Workshop on 

Antenna Technology, iWAT 2020. 2020.  

61.  Pearce JM. Economic savings for scientific free and open source technology: A 

review. HardwareX. 2020;8.  

62.  Pearce JM. Distributed manufacturing of open source medical hardware for 

pandemics. Vol. 4, Journal of Manufacturing and Materials Processing. 2020.  

63.  Marques ETA, Maciel Filho R, August PN. Overcoming health inequity: 

Potential benefits of a patient-centered open-source public health infostructure. 

Cadernos de Saude Publica. 2008;24(3).  

64.  Madrin FP, Klemm M, Supriyanto E. Reliability Improvement of UWB Tracker 

for Hospital Asset Management System : Case Study for TEE Probe 

Monitoring. In 2021.  

  



 

77 

LIST OF PUBLICATIONS 

1. F. P. Madrin, M. Klemm and E. Supriyanto, "Reliability Improvement of UWB 

Tracker for Hospital Asset Management System: Case Study for TEE Probe 

Monitoring," 2021 4th International Conference on Information and 

Communications Technology (ICOIACT), 2021, pp. 69-74, doi: 

10.1109/ICOIACT53268.2021.9563986. 

 

 

 

 

 

 

 




