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Abstract: Efficient asset tracking in healthcare facilities is essential to reduce 
delays, prevent equipment loss, and optimize operational workflows. This study 
systematically reviews four widely used technologies: Radio Frequency 
Identification (RFID), Near Field Communication (NFC), Global Positioning 
System (GPS), and Bluetooth Low Energy (BLE), based on six criteria: cost, 
accuracy, range, energy efficiency, ease of deployment, and scalability. RFID and 
NFC offer high accuracy in short-range use cases, but RFID requires substantial 
infrastructure, while NFC is limited by its manual operation. GPS is highly 
effective for outdoor tracking, though it struggles indoors. BLE provides a strong 
balance across all criteria and supports long battery life, making it suitable for 
large-scale indoor tracking. The review incorporates real-world case studies and 
proposes hybrid IoT-based systems that combine these technologies to achieve 
comprehensive coverage. Future research should focus on seamless indoor-
outdoor handoff, energy-efficient synchronization, and the use of machine 
learning for signal optimization. 
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1. Introduction 
Healthcare facilities manage a wide variety of assets, both stationary (e.g., patient 

beds, diagnostic equipment, cabinets) and mobile (e.g., infusion pumps, wheelchairs, 

portable oxygen tanks). Efficient tracking of these assets is essential to reduce delays, 

prevent loss, and maintain high standards of patient care while optimizing operational 

resources. Technologies such as Radio Frequency Identification (RFID), Near Field 

Communication (NFC), Global Positioning System (GPS), and Bluetooth Low Energy (BLE) 

have been widely adopted to support real-time monitoring and asset management in 

healthcare settings [1], [2]. 

Each of these technologies offers different strengths depending on the 

environment: BLE is well-suited for indoor and short-range tracking; GPS provides robust 

support for outdoor and inter-building tracking; NFC and passive RFID offer very short-

range, often manual or proximity-based asset identification. These distinctions make it 
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necessary to assess technologies based on specific use-case scenarios rather than treating 

them interchangeably. 

While these systems offer substantial benefits for inventory management and 

equipment availability [3], their adoption still faces challenges, including high deployment 

costs, varying accuracy, and interference with existing hospital infrastructure. Nurses and 

doctors reportedly spend a significant portion of their shifts locating essential equipment, 

up to 6–9% in some cases [4], [5]. Moreover, legacy solutions like proprietary RFID or Wi-

Fi-based RTLS may require costly infrastructure and risk interference with sensitive 

medical devices [6].  

This review evaluates asset-tracking technologies in healthcare based on key 

parameters such as accuracy, cost, range, energy efficiency, and ease of deployment. It 

aims to clarify how each technology aligns with specific tracking needs, helping guide 

better implementation strategies and identify opportunities for future improvement. 

2. Methods 
This study focuses on the comparative analysis of commonly used communication 

technologies for asset tracking in healthcare facilities: RFID, NFC, BLE, and GPS. These 

technologies were selected due to their documented use in hospital environments and 

their varying applicability depending on use-case scenarios. RFID and NFC are often used 

for proximity-based tracking, which makes them suitable for short-range identification 

tasks. BLE supports continuous monitoring within indoor healthcare settings while 

maintaining low energy consumption. GPS is most effective for outdoor or inter-building 

tracking due to its wide coverage capabilities. 

Six evaluation criteria were used to assess their suitability: cost, accuracy, range, 

energy efficiency, ease of deployment, and scalability. These factors reflect common 

operational priorities in healthcare settings, such as minimizing costs, ensuring real-time 

accuracy, and integrating systems with minimal disruption. 

The literature review employed a systematic search strategy targeting peer-

reviewed articles published between 2010 and 2024. Databases used include IEEE Xplore, 

PubMed, and ScienceDirect. Articles were included if they met the following criteria: 

• Focused on the implementation of asset tracking systems within healthcare facilities. 

• Provided empirical or case-based data on technology performance. 

• Involved at least one comparison among RFID, NFC, BLE, or GPS technologies. 

Articles were excluded if they: 

• Focused on asset tracking outside of healthcare environments (e.g., logistics, 

agriculture). 

• Did not include sufficient technical or performance data for comparative evaluation. 

To facilitate comparison, each technology was rated qualitatively across the six 

criteria using a relative scale: High, Medium, or Low. These ratings were derived from a 

synthesis of findings across the selected studies, reflecting how each technology performs 

in comparison to the others within the context of healthcare deployment. 

3. Results and Discussion 

3.1. Overview of Technologies 
Various asset tracking technologies are utilized in healthcare settings, each offering 

unique advantages and limitations. 
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3.1.1. Radio Frequency Identification 

RFID uses radio frequency to transmit data that can be used as unique identifiers. 

In healthcare, RFID is employed to track medical equipment, beds, and mobile assets in 

real time. It supports integration with hospital information systems (HIS) for improved 

workflow and asset utilization [7], [8], [9]. Passive RFID tags are inexpensive ($0.10–

$0.50), but large-scale deployment requires a significant infrastructure investment. UHF 

RFID can extend read ranges up to 3 meters, although accuracy can be impacted by 

electromagnetic interference and physical obstructions. Active RFID tags enhance range 

(up to 100 meters) and accuracy but require battery replacements every 3–6 months, 

increasing operational costs. A real-world implementation in a European hospital 

demonstrated that RFID-enabled asset management improved staff productivity, asset 

utilization, and service quality [10]. 

3.1.2. Near Field Communication 
NFC is a secure, low-cost, short-range (under 10 cm) communication technology 

ideal for personnel and small asset tracking in localized spaces. While it lacks automatic 

detection, its manual scan approach increases control and accuracy in secure zones [11], 

[12], [13]. NFC systems are easily deployable and energy-efficient. A case study using NFC 

tags for patient identification during the COVID-19 pandemic demonstrated high user 

acceptance (mean TAM score: 4/5) and effectiveness in reducing misidentification risks 

in critical care scenarios [11]. 

3.1.3. Global Positioning System 
GPS provides high-range outdoor tracking via satellite signals and is especially 

suitable for mobile medical assets, such as ambulances or inter-facility transport units. 

Indoors, however, GPS accuracy degrades significantly, often exceeding 10 meters of 

error. Thus, GPS is often integrated with indoor-capable technologies like BLE or RFID for 

seamless tracking [6]. A study employing GPS for ambulance routing achieved 99.15% 

accuracy using a deep learning model, illustrating its potential to optimize emergency 

response times and route planning [14]. 

3.1.4. Bluetooth Low Energy 
BLE is a low-energy, medium to short-range wireless technology, cost-efficient and 

often used for indoor navigation in healthcare. BLE beacons provide accurate localization 

for tracking equipment, patients, and staff, and easily integrated with smartphones [15], 

[16], [17], [18]. BLE offers a compelling balance between cost, accuracy, and energy 

efficiency. Its suitability for large-scale indoor tracking is enhanced by signal processing 

techniques such as Kalman filtering, which improve localization precision [19], [20]. BLE 

devices can operate up to 2–3 years on a single coin cell battery, substantially longer than 

active RFID [21]. Yoo et al. successfully tracked 400 medical instruments across 

emergency rooms and ICUs using BLE beacons [1]. BLE's energy efficiency is quantitatively 

superior to alternatives, typically achieving 2-3 years of operation on a single coin cell 

battery compared to 3-6 months for active RFID. 

The comparison of these technologies is shown in Table 1.  
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Table 1. Comparison of RFID, NFC, GPS, and BLE. 

Technology Cost Accuracy Range Energy Efficiency 
Ease of 

Deployment 
Scalability 

RFID Medium  

(Low tag cost, 

high setup cost) 

High  

(affected by EMI) 

Short to Medium  

(UHF: up to 3 m, 

Active: up to 100 

m) 

Passive: High, 

Active: Moderate  

(3–6 months) 

Moderate  

(easy integration 

with HIS) 

High 

NFC Low High Very Short  

(<10 cm) 

Very High Easy Low  

(limited by 

manual 

operation 

and range) 

GPS Medium Low  

(indoors, >10 m 

error), High 

(outdoors) 

Long-range 

(global) 

Low Complex  

(indoor 

integration 

required) 

High  

(especially for 

outdoor 

mobile 

assets) 

BLE Low Medium to High 

(±1.5 m with 

filtering) 

Medium  

(10–30 m indoors) 

Very High  

(2–3 years on coin 

battery) 

Easy High 

 

3.2. Discussion 
Each technology offers strengths suited to specific healthcare asset tracking 

scenarios. RFID is highly scalable and accurate for short- to medium-range tracking, with 

strong deployment results in European hospitals [10]. NFC, while limited in range, offers 

high security and effectiveness in patient-centric applications, particularly under 

pandemic conditions [11]. BLE balances cost, accuracy, and energy efficiency, making it 

suitable for large-scale indoor tracking systems; filtering methods further improve its 

performance [19], [20]. GPS excels in mobile, outdoor tracking applications, such as real-

time ambulance routing and vehicle management [14], though indoor limitations 

necessitate integration with other technologies. 

Real-world implementations illustrate the feasibility of combining technologies. 

These hybrid approaches offer a practical path toward comprehensive, real-time hospital 

asset management systems. Despite the benefits, challenges remain. High setup costs 

(especially for RFID and GPS), integration complexity, and environmental interferences 

(e.g., EMI or physical obstacles) may affect performance. Staff training and change 

management are critical for system adoption. Nevertheless, BLE’s long battery life, 

affordability, and proven performance suggest it can serve as a core component in hybrid 

tracking frameworks, enhanced with filtering algorithms and complementary 

technologies. 

4. Conclusions 
In summary, no single tracking technology perfectly meets all hospital asset 

tracking needs. The optimal solution depends on specific factors such as hospital size, 

asset mobility, operational budget, and deployment environment. RFID is excellent for 

managing hospital inventory indoors, while GPS enables outdoor mobility tracking. NFC 

shines in highly secure, manual applications, such as patient identification. 
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A hybrid approach is strongly recommended for healthcare systems requiring both 

indoor and outdoor tracking. For example, combining BLE for internal equipment tracking 

with GPS for mobile assets (e.g., ambulances) provides robust, scalable, and energy-

efficient coverage. RFID can complement these systems for detailed indoor monitoring 

where BLE is unsuitable due to interference or infrastructure limitations. 

Future research should focus on developing seamless IoT-based hybrid systems 

that integrate BLE, GPS, and RFID via gateway nodes. These systems should aim to ensure 

continuous indoor-outdoor handoff, low-latency data synchronization, and minimal 

power consumption. Additionally, implementing machine learning models for signal 

filtering and prediction can further enhance system accuracy and reliability. 
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