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ABSTRACT 

RFID (Radio Frequency Identification) technology has emerged as a transformative tool in the apparel 

industry, offering numerous benefits ranging from enhanced inventory management to improved supply 

chain visibility and retail operations. This paper explores the implications of RFID technology in the 

apparel industry, highlighting its significant impact on various aspects of the apparel supply chain. 

Through the deployment of RFID tags on individual garments, manufacturers, retailers, and consumers 

alike can benefit from increased accuracy in inventory tracking, reduced stockouts, minimized 

shrinkage, and streamlined operations. Moreover, RFID facilitates real-time data capture and analytics, 

enabling retailers to optimize store layouts, enhance customer experiences, and implement omnichannel 

strategies effectively. Additionally, RFID technology supports sustainability initiatives by enabling 

efficient product recalls, reducing overstocking, and minimizing waste throughout the supply chain. 

Despite the initial investment required, the long-term benefits of RFID adoption in the apparel industry 

are substantial, paving the way for increased efficiency, transparency, and profitability in the global 

apparel market. 
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1. RFID SYSTEM 

RFID (Radio Frequency Identification) systems represent a transformative technology that enables 

efficient tracking and identification across a wide range of industries. Consisting of RFID tags and 

readers, these systems utilize radio frequency signals to wirelessly transmit data, allowing for seamless 

inventory management, supply chain optimization, and asset tracking (Nayak et al., 2007; Rao et al., 

2005; Chao et al., 2007). RFID tags, equipped with unique identifiers, can be attached to various objects, 

enabling automated data capture and real-time visibility into inventory levels and product movements. 

RFID readers, strategically placed throughout facilities or along supply chains, interact with tags to 

collect and process data, facilitating streamlined operations and enhanced decision-making processes 

(Sarma et al., 2001; Myny et al., 2010). With their ability to improve efficiency, accuracy, and 

traceability, RFID systems have become indispensable tools for businesses seeking to optimize their 

operations and deliver superior customer experiences (Nayak et al., 2007; Tesoriero et al., 2008; Rao et 

al., 2005; Costin et al., 2012). Table 1 outlines various RFID applications categorized by frequency 

band. 
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Fig. 1: RFID Tag with Chip and Antenna 

 

2. TYPES OF RFID SYSTEMS 

RFID (Radio Frequency Identification) systems can be classified into several types based on their 

operating frequencies, read ranges, and applications. Here are some common types of RFID systems 

(Barnett and Liu, 2008): 

Low-Frequency (LF) RFID: LF RFID operates within the frequency range of 125 kHz to 134 kHz. 

These systems typically have short read ranges, usually up to 10 centimeters, and are commonly used in 

access control, animal tracking, and keyless entry systems (Li et al., 2009). 

High-Frequency (HF) RFID: HF RFID operates within the frequency range of 13.56 MHz. These 

systems offer moderate read ranges, typically up to one meter, and are used in applications such as 

contactless payment cards, library book tracking, and asset management. 

Ultra-High-Frequency (UHF) RFID: UHF RFID operates within the frequency range of 860 MHz to 

960 MHz. These systems provide longer read ranges, ranging from several meters to over 15 meters, 

depending on the antenna and environment. UHF RFID is widely used in supply chain management, 

inventory tracking, and retail applications due to its high throughput and ability to read multiple tags 

simultaneously. 

Passive RFID: Passive RFID tags do not have an internal power source and rely on the energy emitted 

by RFID readers to transmit data. These tags are typically smaller, less expensive, and have shorter read 

ranges compared to active RFID tags. Passive RFID is commonly used in inventory management, 

logistics, and asset tracking applications. 

Active RFID: Active RFID tags have their own power source, typically a battery, which allows them to 

transmit signals over longer distances and at higher frequencies. Active RFID systems offer extended 

read ranges, ranging from tens to hundreds of meters, making them suitable for tracking high-value 

assets, vehicles, and containers in large-scale applications such as supply chain logistics and vehicle 

tracking. 

Near Field Communication (NFC): NFC is a subset of HF RFID technology that operates within the 

13.56 MHz frequency range. It enables two-way communication between devices within close 

proximity, typically up to 10 centimeters. NFC is commonly used in contactless payment systems, 

access control, and mobile device interactions such as electronic ticketing and data exchange (Ni et al., 

2004; Jin and Lu, 2006). 

 

3. WORKING OF AN RFID SYSTEMS 

RFID (Radio Frequency Identification) technology operates on the principle of wireless communication  
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between RFID tags and readers. Each RFID tag contains a unique identifier, often stored in a microchip, 

which can be wirelessly transmitted to an RFID reader via radio waves. The working of an RFID system 

involves several key components: RFID tags, RFID readers, and a backend system for data processing 

and management. When an RFID tag comes into the vicinity of an RFID reader, the reader emits radio 

frequency signals that power the tag and activate its microchip. The tag then responds by transmitting its 

unique identifier back to the reader. The reader captures this information and sends it to the backend 

system for processing. Depending on the application, additional data such as location, timestamp, or 

product information may also be stored or retrieved from the backend system. RFID technology enables 

automated identification, tracking, and monitoring of objects or assets throughout various processes, 

offering real-time visibility and traceability across supply chains, manufacturing operations, retail 

environments, and beyond (Jin and Lu, 2006). The reader establishes communication with the tag, which 

holds digital information, as illustrated in Figure 2. 

.  

Fig. 2: Working of an RFID System 

 

4. RFID APPLICATIONS IN THE FASHION INDUSTRY 

RFID technology finds extensive application across various sectors of the textile and apparel industry, 

including manufacturing, inventory control, warehousing, distribution, logistics, automatic object 

tracking, and supply chain management (Legnani et al., 2011; Liu et al., 2010; Moon and Ngai, 2008; 

Gimpel et al., 2004). It enables tracking of finished garments, individual pattern parts, and accessories, 

facilitating comprehensive monitoring of the production process. Moreover, RFID facilitates easy 

tracing of fabric lots throughout manufacturing and weaving processes. 

Spinning mills can efficiently track cotton bales and yarns using RFID technology, thereby mitigating 

the risk of blending different yarn lots in spinning machines, a significant operational concern. The 

versatility of RFID systems allows for their integration into various processes within the fashion supply 

chain. In manufacturing, RFID proves invaluable in preventing product and component mixing, as well 

as ensuring the segregation of accessories. 

When products are outsourced, RFID technology offers a solution for tracking and tracing consignments 

both before and after Free on Board in international transportation. This capability aids in overcoming 

the challenge of quickly sorting and tracking products, leading to reduced distribution lead times (Moon 

and Ngai, 2008). In retail settings where space is at a premium, efficient utilization is paramount. RFID 

plays a pivotal role in inventory management by swiftly and accurately identifying items, thus 

minimizing instances of "search remorse" and contributing to effective space management. 

4.1 Inventory management 

The adoption of RFID technology yields improvements in both inventory management and customer 

satisfaction. With RFID, businesses gain insights into the sales pace of various clothing items, enabling 
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targeted advertising based on RFID-tagged garments. Additionally, RFID implementation leads to labor 

savings. For instance, American Apparel implemented RFID systems in eight stores, resulting in weekly 

labor savings of 60–80 hours and decreased instances of out-of-stock products due to improved 

awareness. Similarly, Sankei, a Japanese textile company, leverages RFID technology in manufacturing 

to track clothes throughout the production process and during online sales (Wu et al., 2009). 

4.2 Production Control 

RFID technology has revolutionized production control by offering real-time visibility and traceability 

across manufacturing processes. In production control, RFID systems are utilized to track raw materials, 

work-in-progress (WIP), and finished goods as they move through different stages of production. RFID 

tags embedded in products, components, or containers contain unique identifiers that can be 

automatically scanned by RFID readers installed at various checkpoints on the production line. This 

enables manufacturers to monitor the status, location, and movement of assets in real time, facilitating 

efficient inventory management, order fulfillment, and quality control. By integrating RFID data with 

production management systems, manufacturers can gain insights into production workflows, identify 

bottlenecks, optimize resource allocation, and improve overall operational efficiency. Additionally, 

RFID technology enhances product traceability, enabling rapid recalls and ensuring compliance with 

regulatory requirements. Overall, RFID-based production control systems streamline manufacturing 

operations, reduce errors, and enhance productivity in the production environment (Wang et al., 2006; 

Lee et al., 2013; Jihui et al., 2011). 

4.3 Retail Management 

In retail, RFID technology proves invaluable for tracking and managing out-of-stocks (OOS) at the floor 

level (Roussos, 2006; Chen and Pfleuger, 2008). This is particularly crucial in settings with extensive 

merchandise displays, limited staff availability, and heightened risk of mishandling. By appropriately 

maintaining stock levels and categorizing items based on demand, retailers can ensure efficient 

operations. Moreover, during the receiving process at stores, RFID facilitates swift and accurate delivery 

verification with minimal labor involvement. This contributes to improved inventory accuracy and 

facilitates automatic supply replenishment. Traditionally, merchants conduct open-box audits before 

stocking or storing products to verify shipment accuracy and integrity. However, RFID technology now 

enables reading all items packed within cartons without the need for opening them, saving both time and 

resources. Consequently, RFID presents retailers with new opportunities to streamline material 

acquisition, mitigate invoice disputes, address product mixing concerns, and tackle other inventory-

related challenges. 

Several major retailers in both Europe and the United States have embraced RFID technology in their 

operations. Walmart stands out as an early adopter, integrating RFID into its supply chain, thereby 

pressuring its suppliers to follow suit. Implementing tiny readers at fitting room entrances helps deter 

theft of garments. When a consumer brings an item into the fitting room, its information is recorded, 

enabling tracking of potential lost items—products taken into the fitting room but not taken out. 

Consequently, RFID aids in locating missing products and prosecuting shoplifters (Rekik et al., 2008; 

Jaselskis et al., 1995). Additionally, RFID technology automatically identifies clothing dislocation, 

allowing buyers to receive fit advice. Smart fitting rooms and mirrors facilitate this, with smart mirrors 

even suggesting additional apparel and fashion accessories (Roberti, 2006). Companies like Marks and 

Spencer and Levi Strauss & Co. utilize RFID to gather daily inventory data for replenishment purposes. 

https://www.ijfmr.com/
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However, challenges remain, as evidenced by significant discrepancies between RFID system data and 

actual inventory levels. 

The current manual and unsystematic process for shop item recovery and resupply is inefficient, labor-

intensive, and time-consuming, often resulting in delayed restocking of popular items for weeks. 

However, RFID technology offers a solution to these challenges. By utilizing RFID tags, it becomes 

easier to predict stock levels regularly and increase in-stock positions by up to 30%, thereby boosting 

sales and enhancing consumer satisfaction. Moreover, RFID enables efficient management of fashion 

and seasonal products stored in the back room, allowing for timely sale at discounted prices, thus 

improving profit margins. Unlike barcode systems, RFID tags can be swiftly read at the point of sale 

without requiring physical interaction with the product, preserving its visual appeal. These tags can be 

discreetly placed at side seams, hems, or within paper cartoon labels. Additionally, the stock count is 

automatically updated as products are sold, enabling interactive display panels to inform buyers about 

item availability. For instance, Walmart experienced a 16% reduction in out-of-stock rates with RFID 

tags, while RFID-enabled stores demonstrated a 63% improvement in restocking out-of-stocks compared 

to control stores (Age, 2005). 

4.4 RFID for brand segregation 

Adopting RFID technology in department stores, where a diverse array of products and brands are 

housed under one roof, holds significant benefits (Loebbecke and Huyskens, 2008). RFID enables 

seamless monitoring of distinct brands in terms of inventory and location, a task that would be 

challenging if brands were combined. Moreover, RFID reduces human error in inventory monitoring, 

brand identity tracking, and product authentication, as it is less reliant on human intervention compared 

to other technologies. Additionally, RFID can be leveraged to prevent unauthorized product alterations, 

enhance product security, and provide valuable shopping information, thereby influencing client 

behavior at retail (Nayak et al., Fashion and Textiles, 2015). Once these challenges are addressed, the 

textile and apparel supply chain stands to benefit from streamlined operations and improved cost-

effectiveness and performance. 

4.5 RFID utilized in the dressing room 

The German department store "Galeria Kaufhof in Essen," a part of the Metro retailing group, has 

introduced a groundbreaking approach by incorporating radio frequency identification (RFID) 

technology in its fitting rooms. When customers try on suits in the fitting rooms, they receive automatic 

suggestions. A "smart mirror" offers personalized advice on suitable suits and accessories. An RFID 

reader installed on the smart mirror recognizes the apparel brought into the room based on RFID tags 

attached to the items. Subsequently, essential accessories are displayed on a convenient interface. This 

innovative method is complemented by "smart shelves," which can detect items currently in stock and 

showcase various patterns and sizes. 

4.6 RFID Tags for Package Care 

Modern care labels typically consist of printed or woven labels that can only store a limited amount of 

data (Nayak and Padhye, 2014, 2015b). To overcome this limitation, RFID tags are integrated into 

electronic labels to store information about garments. However, due to privacy concerns, the same RFID 

tag used for storing product details at the point of sale cannot be used for storing wash care instructions. 

Consequently, additional tags containing wash care instructions are necessary, thereby increasing the 

cost of the garment. Moreover, consumers require special readers to extract information encoded in 

RFID tags, leading them to prefer physical labels over electronic ones. Additionally, the use of RFID 
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tags in clothing may expose users to harmful radiation, raising health concerns. Another challenge 

stemming from the deployment of RFID tags is electronic waste. Effective techniques for recycling or 

reusing RFID tags should be established if they are removed at the point of sale or by clients, adding to 

companies' environmental concerns. Other difficulties associated with RFID technology include a lack 

of standardization and high costs. Standardizing tag technology, design, and usage can address issues 

related to lack of standardization, while technological advancements can help mitigate cost concerns. 

Radiofrequency identification (RFID) tags can be integrated with the registered identity number (RN) 

system, which is currently adopted in various countries, including the United States. Two major 

challenges associated with RFID technology are a lack of standardization and high costs. Addressing 

these challenges involves standardizing tag technology, design, and usage to mitigate issues stemming 

from the lack of standardization, while technological advancements can help alleviate cost concerns. The 

RN system, employed in several nations including the United States, can be combined with RFID tags, 

offering benefits such as providing washing instructions directly on the tag, as noted by industry 

observers. In Germany, RFID chips are utilized in nursing homes to aid nurses in appropriately 

classifying garments according to care guidelines, further demonstrating potential benefits for consumers 

(Nayak et al., Fashion and Textiles, 2015). However, for RFID tags to achieve widespread success, it is 

crucial to overcome all major disadvantages associated with their implementation. 

4.7 Customer Relationship Management 

Understanding the demands and preferences of clients, particularly in the fashion industry, is crucial for 

providing them with the right products. In a study on the use of RFID in fashion retailing, Moon and 

Ngai (2008) discovered that different customers exhibit varying behaviors at different stages of their 

shopping experience, highlighting the importance of understanding their preferences to enable sales 

personnel to offer personalized services. According to respondents in their study, when a customer 

enters a store and selects items equipped with RFID technology, this signals their preferences for that 

day, allowing sales personnel to provide tailored recommendations. With fierce brand competition, it 

becomes essential to satisfy customers by understanding their preferences and establishing a purchase 

history, especially for high-end products. By gathering customer profiles, including age group, preferred 

trends, and styles, personalized recommendations can be offered for their next purchase, enhancing 

customer satisfaction. RFID technology also enables maintaining contact with VIP consumers even 

when staff members change. By leveraging RFID to interact with products and assist customers in 

making purchase decisions, clients can receive personalized assistance tailored to their preferences, 

ultimately leading to increased revenue (Nayak et al., 2015). 

 

5. RFID DIFFICULTIES 

While RFID technology has been successfully implemented, there are several technological limitations 

that need to be addressed to enhance its deployment. These include high investment costs, concerns 

regarding security and privacy, and various challenges associated with RFID technology (Wu et al., 

2006; Jones et al., 2005; Welbourne et al., 2007). 

5.1 High Cost 

The adoption of RFID (Radio Frequency Identification) technology in various industries has been 

hindered by concerns over high implementation costs. Initial investments in RFID infrastructure, 

including tags, readers, software systems, and integration with existing processes, can be substantial. 

Additionally, the cost of RFID tags, particularly those with advanced features such as high read ranges 

https://www.ijfmr.com/


 

International Journal for Multidisciplinary Research (IJFMR) 
 

E-ISSN: 2582-2160   ●   Website: www.ijfmr.com       ●   Email: editor@ijfmr.com 

 

IJFMR240214756 Volume 6, Issue 2, March-April 2024 7 

 

or durability, can contribute significantly to the overall expense (Ohkubo et al., 2005; Jones et al., 2005). 

Moreover, ongoing maintenance, support, and upgrades further add to the total cost of ownership of 

RFID systems. For small and medium-sized businesses, in particular, the upfront investment required to 

deploy RFID technology may pose a barrier to adoption. However, it's important to note that while the 

initial costs may be high, RFID technology offers long-term benefits such as improved inventory 

accuracy, increased efficiency, and enhanced visibility, which can ultimately lead to cost savings and a 

return on investment over time. As technology advances and economies of scale improve, the cost of 

RFID components is expected to decrease, making RFID more accessible to a wider range of businesses 

5.2 Security and Privacy Issues 

Security and privacy are paramount considerations in the deployment of Radio Frequency Identification 

(RFID) systems. To safeguard against potential threats, robust encryption protocols should be 

implemented to secure data transmission between RFID tags and readers, preventing unauthorized 

access. Access control mechanisms play a crucial role in restricting read and write privileges, ensuring 

that only authorized entities can interact with the RFID system. Employing unique identifiers for RFID 

tags helps prevent tracking and cloning attempts, enhancing overall security. Physical security measures, 

including tamper-evident seals and surveillance, further protect against unauthorized access to RFID 

infrastructure. Additionally, adherence to privacy regulations such as GDPR or HIPAA is essential to 

safeguarding individuals' privacy rights. By integrating these security and privacy measures, 

organizations can foster trust in RFID technology while mitigating potential risks (Sarma et al., 2003; 

Peris-Lopez et al., 2006; Gao et al., 2004). 

 

6. RFID ATTACKS 

6.1 Tag Damage 

RFID tags are susceptible to damage if subjected to attacks or mishandling, which can disrupt data 

transmission to the reader. In some cases, attackers may replace genuine tags with counterfeit ones, 

obstructing data flow or providing erroneous information to the reader (Nayak et al., Fashion and 

Textiles, 2015). Additionally, security attacks against RFID systems are possible, where the security 

algorithm can be compromised, allowing unauthorized modification of messages sent to the reader. 

6.2 Compatibility 

The implementation of RFID systems demands a significant investment of both time and money, which 

may prove too costly for many businesses. Additionally, RFID technology may face compatibility issues 

with existing technologies, and even when integration is possible, concerns about achieving 100% data 

accuracy persist (Smart et al., 2010; Lee and Chan, 2009). This concern becomes even more critical 

when dealing with global competitors. Due to the substantial initial investment required, some 

companies are hesitant to adopt RFID technology, especially considering the possibility of alternative 

technologies emerging in the near future, offering improved solutions compared to RFID as 

technological advancements continue. 

6.3 Technology 

RFID technology is vulnerable to interference from various sources such as other radio transmissions, 

metals, liquids, and other substances due to its reliance on radio frequency principles (Bunduchi et al., 

2011; Wu et al., 2006; Ni et al., 2011). Interference levels can fluctuate based on factors like the 

frequency of the tag and the environment in which it operates, potentially leading to inaccuracies in 

readings. 
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6.4 Lack of Standardization 

Radio frequency identification (RFID) technology is still in its early stages, facing several challenges 

ahead. RFID comes in various forms, each requiring distinct software and readers, and operating at 

different frequencies. Achieving interoperability across manufacturers, retailers, and distributors requires 

agreement on one or a group of frequencies. EPC Global and the International Standards Organization 

(ISO) are currently collaborating to standardize RFID use in the UHF range (Wu et al., 2006). Despite 

the release of standards such as the EPC Class 1 G2 protocol and ISO 18000-6, they are not yet finalized 

and remain incompatible with each other. 

 

7. CONCLUSIONS 

Textiles are increasingly integrating RFID technology, and it's expected that nearly all textile 

manufacturers, distributors, and retailers will adopt this technology in the future. While RFID devices 

may not entirely replace barcode technology due to higher costs, they offer superior accuracy, speed, and 

return on investment (ROI). RFID holds promise in addressing supply chain management, security, 

personal identity, and item tracking challenges for businesses. Retailers, manufacturers, and consumer 

goods companies like CVS, Tesco, Prada, Benetton, Walmart, and Procter & Gamble are actively 

integrating and analyzing the impact of RFID technology on their operations. Moreover, RFID 

technology can benefit various industries beyond textiles. Understanding technology and its implications 

is crucial for success and overcoming potential difficulties. The garment industry should embrace 

current RFID technology across various applications, including manufacturing and storage. In clothing 

and textiles, as well as production, retailing, and inventory management, RFID shows significant 

promise. Companies like GAP have already demonstrated direct benefits, such as a 2% increase in sales 

by reducing stock-outs with RFID implementation. RFID surpasses traditional barcode technologies in 

terms of speed, accuracy, and convenience, indicating that RFID tagging may eventually replace existing 

barcode systems, streamlining supply chain and inventory management processes. However, significant 

technical challenges need to be addressed before RFID can be fully integrated into textile and apparel 

manufacturing. Realizing the full benefits of RFID technology may take time, potentially a decade or 

more. Moreover, with the integration of the internet, RFID technology is expected to play an 

increasingly significant role in improving computers' ability to sense and respond to the environment. 
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