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ABSTRACT 

 

The apparel industry is facing significant challenges. Today’s consumers have less patience to wait, and 
omnichannel retailing is the new norm. This requires the entire apparel supply chain to become more 
agile, which means that stakeholders need to have better visibility, speed and flexibility. While supply 
chain digitalization helps the industry to become more agile, enabling technology like Radio Frequency 
Identification (RFID) has not been adopted in scale. This capstone aims to answer how RFID creates value 
in the apparel supply chain by improving agility. Based on our sponsor’s RFID pilot, we study the 
technology’s potential in its logistics & distribution and retail stages. Using process analysis, RFID data 
analysis, and cluster analysis, we identify relevant value drivers for different stakeholders. In the pilot’s 
context, we find three clusters: fastmoving omnichannel, online long tail and retail longtail, which have 
different supply chain characteristics. We also connect RFID data, captured at different checkpoints, with 
existing system data to generate business intelligence for the clusters. The result shows that RFID 
improves store KPIs such as daily inventory record accuracies and on-shelf availability. In addition, we 
analyze supply chain policies for the following value drivers: planning, inventory management, 
replenishment, and store management. In general, RFID provides end-to-end product visibility, which is 
beneficial for all stakeholders. Also, there are different levers that can be used to improve speed and 
flexibility for different stakeholders. Overall, the retail store gains most value from RFID initiatives. 
Nevertheless, significant value can be created for other stakeholders from advanced analytics and 
appropriate data sharing. Organizations need to leverage analytical tools and techniques to improve 
supply chain agility. Our findings can be useful for other apparel businesses that currently use the 
traditional mass manufacturing model and are seeking to improve their supply chain agility. 
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1 INTRODUCTION 
 

1.1 Motivation 

The apparel industry, and retail in general, is in turbulent times. The retail apocalypse (Taylor, 2018), 

notable bankruptcies (Corkery, 2018), and millennials seeking experiences over products (Germano, 2016) 

are all signs of a challenging retail space. In this consumer-driven environment, it is more important than 

ever for retailers to provide products whenever and wherever consumers want. Today’s consumers have 

less patience to wait, and omnichannel retailing is the new norm. This requires retailers to be agile (Gligor, 

2015), which means that they need to have better visibility, speed and flexibility (Hwang & Rho, 2016). 

However, to achieve agility, the entire supply chain – not just the retailers – need to change. 

Despite all the challenges, the global apparel market is a growing industry with a projected value of 

1.5 trillion dollars in 2020 according to Statista (2019). Its supply chain consists of companies and 

individual participants collaborating across well-established processes: planning, product design & 

development, raw materials sourcing, manufacturing, distribution center operations & freight forwarding, 

and transportation. With many processes and stakeholders involved, the traditional apparel 

manufacturing end-to-end lead time is long: it can take over a year to make a garment from design to 

retail delivery. The traditional process is also inflexible, as it optimizes on mass production at inexpensive 

offshore production countries. In contrast, the fast fashion model, a subsector of the industry, provides 

shorter production cycle and more flexibility through optimizing on speed instead of cost. And supply 

chain digitalization is one of the important levers used by fast fashion players. Although not all apparel 

retailers need to adopt the fast fashion model, it still sets a good example of the changes needed to 

compete today. That is, the apparel supply chain needs to be transparent (Budd, Knizek, & Tevelson, 2012) 

and undergo digital network transformation. A digital supply chain enables business process automation, 

organizational flexibility, and digital management of assets, all of which are important to the future of 
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supply chain. Furthermore, to create, capture, and deliver value, apparel industry participants need to 

move past organizational silos and form a true end-to-end digital transformation strategy. While supply 

chain digitalization is commonly accepted as necessary by the industry, enabling technology like Radio 

Frequency Identification (RFID), is not often adopted. Why can the apparel industry not duplicate what 

fast fashion retailers have done? 

Traditional mass apparel is an analogue industry, with products often being inexpensive physical 

garments. To achieve supply chain digitalization, products should be digitized to enable advanced 

analytics and full supply chain transparency. One way to achieve this is to affix RFID tags to garments, 

giving individual items unique digital IDs. RFID was invented over 80 years ago, and it generated the 

industry’s attention around the early 2000s for the use case to improve transparency. Unlike the barcode, 

which was the dominant technology in use, RFID can be read without the need for line of sight. However, 

RFID was considered “hyped” due to its “credibility gap” (Lee, 2007). Pilot successes varied, and a wide 

range of limitations and perceived limitations continued to hinder RFID’s proliferation (Fish, 2017). 

Historically, cost would also have been an inhibitor, as retailers need to invest not only in the 

infrastructure (e.g. sensors) but also in the tags. Thus, successful pilots and implementations so far are 

found mostly with largest retailers like Wal-Mart and Macy’s, or with single brand retailers like Zara and 

Lululemon (Caro & Sadr, 2019) who either have strong controls over their supply chains or are highly 

vertically integrated. Unfortunately, the same cannot be said for the rest of the industry. 

As RFID technology continues to mature, its price point is now at a level where it can be dispersed at 

the item level relatively inexpensively. This means that wider adoption is now feasible, and there is 

renewed industry interest in exploring RFID’s value creation potential for the apparel supply chain. When 

applied in scale, RFID can not only enable end-to-end transparency but also encourage collaboration 

through value sharing and trust (MIT CTL, 2018). Furthermore, the technology’s greatest potential is in its 
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ability to enable omnichannel retailing (Caro & Sadr, 2019) for all supply chain stakeholders. Therefore, 

our project sponsor has a strong interest in validating RFID’s value creation. 

1.2 Sponsor Background 

This capstone’s sponsor is a leading apparel and consumer goods sourcing company that provides 

end-to-end supply chain and logistics solutions for Western brands and retailers. With a network of 

thousands of suppliers and factories across the globe, millions of goods pass through the sponsor’s supply 

chain every year. Using its scale, experience, and leverage, the sponsor excels in apparel mass 

manufacturing by optimizing production in its global manufacturing network for customers. Furthermore, 

our sponsor defines the apparel manufacturing cycle in 4 major stages: design, production, logistics & 

distribution, and retail, as shown in Figure 1. 

 

Figure 1: Stages of our sponsor’s apparel supply chain and the capstone project scope 

Due to the industry-wide needs for better agility as described earlier, our sponsor is keen to explore 

ways to increase agility for itself and its supply chain partners, i.e. factories, transshipment warehouses, 

distribution centers, and retailers. In this context, our sponsor initiated a RFID pilot to understand how 

RFID creates value for different stakeholders and increases agility within its ecosystem. While there are 

numerous well-documented RFID benefits in all stages (Rizzi, Romagnoli, & Thiesse, 2016; Choi, Yang, 
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Yang, & Cheung, 2015; Hardgrave, Aloysius, & Goyal, 2013; Condea, Thiesse, & Fleisch, 2012; Azevedo, & 

Carvalho, 2012), we examine the value creation in logistics & distribution and retail stages based on our 

sponsor’s pilot.  

1.3 Research Question 

In the traditional mass apparel industry, how can RFID create value by improving agility through 

increased visibility, speed and flexibility?  

1.4 Project Structure 

Figure 2 highlights our capstone research approach. This report follows the same structure to present 

the flow and findings in a holistic perspective. 

 

Figure 2:Capstone project flow 
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We start with a literature review focused on understanding the rich literature surrounding RFID’s 

supply chain applications and looking at different business use cases, adoption challenges, and the value 

potential. Next, we move to the conceptualization phase where we study our sponsor’s business model,  

processes and the context of the RFID pilot. With the understanding of the scope, design and timeline of 

the pilot, we develop our hypothesis to validate during the capstone project. In the analysis and results 

section, we focus on the quantitative analysis to validate our hypothesis and capture the results. While 

machine learning approach helps in both explanation and prediction, we focus primarily on the 

explanation part. We use basic machine learning tools to cluster the SKUs and explain the key 

characteristics of different clusters.  Finally, we end with the discussion section focusing on key insights, 

limitations and other considerations to drive value from RFID implementation. 

 

2 LITERATURE REVIEW 

In this section, we first review the evolution of RFID versus barcode to understand the reason behind 

RFID’s slow adoption. Next, we study RFID’s perceived benefits, as well as the comprehensive use cases 

for the apparel retail supply chain. Overall, the literature suggests that RFID’s benefits are found in two 

categories: operational excellence and business model excellence. Furthermore, in the context of the 

apparel supply chain, business model excellence is realized in supporting the fast fashion and omnichannel 

business models. This leads to our hypothesis that RFID is essential for gathering more supply chain data 

points, and data-driven supply chain policies will increase visibility, speed and flexibility. Figure 3 outlines 

the structure of our literature review. 
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Figure 3: Literature review structure 

2.1 RFID Descriptive 

Radio frequency Identification (RFID) is a wireless sensing 

technology that captures information. An RFID system 

consists of tags, readers, servers and middleware. Since it is 

a key technology for automatic identification and data 

capture, it has attracted the interests of users in multiple 

areas such as smart shopping, supply chain management, food tracking, etc. 

RFID vs. Barcodes 

Despite being termed the rightful successor of the barcode, the barcode is still more ubiquitous than 

RFID in the supply chain. The key reasons for RFID’s slower adoption are: 
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• Co-existence of RFID and Barcodes   

• Limitations of RFID’s performance  

• Time for adoption or diffusion 

Co-existence of RFID and Barcodes  

The co-existence of both technologies, especially when an organization currently depends on 

barcode-enabled processes and capabilities, leads to slower adoption of RFID (Schmidt, Thoroe, & 

Schumann, 2013). To facilitate faster adoption of RFID, a migration strategy is needed to promote RFID 

while supporting existing barcode processes. There should be a transition framework based on the 

principles of co-existence, hybridization, and convergence (Schmidt et al., 2013). Finally, to manage the 

transition between incumbent and emerging technologies, there need to be interfaces to bridge the gap 

between barcode and RFID protocols at the object, device, operation and information levels. In short, 

without a proper transition strategy, the RFID’s adoption will be slow. 

Limitations of RFID’s performance 

In addition to the migration challenge, the sub-optimal performance of RFID is another cause for 

its muted initial adoption. Since RFID uses wireless configuration, data transmissions are susceptible to 

multiple forms of interference such as tag-to-tag, reader-to-tag, and reader-to-reader interference 

(Zhang, Ferrero, Gandino, & Rebaudengo, 2016), which often leads to less than 100% accuracy. To 

improve performance, the installation of readers and the placement of tags need to be managed carefully, 

as factors like metal surface, moisture, antennae orientation, and interference can affect read accuracy 

(Reyes, Li, & Visich, 2016). There have been significant improvements in this area, and advanced protocols 

and guidelines are available to counter the performance limitations (Zhang et al., 2016), which should be 

adopted in implementations. 
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Time for adoption or diffusion 

Another factor behind RFID’s slower adoption is the adoption or diffusion process itself. In general, 

RFID adoption processes can be split into 3 phases: evaluation, validation, and implementation. The 

overall processes are influenced by the following factors: 1) organizational factors including internal and 

external drivers, 2) management leadership, and 3) various operational factors such as use case definition, 

cost, and technology understanding (Reyes et al., 2016). All these factors need to be managed during the 

evaluation phase to lead to a successful implementation. 

RFID’s perceived benefits 

RFID’s benefits can be seen in three areas: 

• Data capture efficiency 

• Convergence with emerging technology 

• Value creation by fostering new interactions with partners 

Data capture efficiency 

Compared to barcodes, RFID offers the additional granular (item level) data capture capability 

since it doesn’t need line of sight. This also means that numerous additional checkpoints can be added 

throughout the supply chain with ease. On a small scale, RFID will act as a catalyst for improving visibility 

and overall supply chain performance. On a large scale, RFID can enable an intelligent network powered 

by Internet of things (IOT), and physical objects can be transformed from static to dynamic objects 

(Dimitriou, 2016). 

Convergence with emerging technology 

RFID offers multiple functionalities which provide building blocks for IOT and Industry 4.0. The 

“smart” concept has become pervasive in both product and service supply chain. Furthermore, IOT has 

spurred a significant drive towards “smart” concepts such as smart retailing and self-service stores 



   
 

12 
 

(Pantanoa & Timmermans, 2014). As the IOT based offerings continue to evolve, supply chains need to be 

more agile and dynamic. This requires faster transaction and operations data systems (Townsend, Quoc, 

Kapoor, Hu, Zhou, & Piramuthu, 2018) that can be supported by RFID. 

 Value creation by fostering new interactions with partners 

Improving internal organizational capabilities brings supply chain cost efficiency. On top of that, 

an organization can create a sustainable competitive advantage by effectively collaborating with external 

partners.  There are different forms of inter-firm cooperation with slightly different value creation logic, 

and organizations should strive to move from the logistics integration to the bilateral learning in order to 

create higher value (Hammervoll, 2009). Table 1 summarises these two different forms of relationship. 

Table 1: Forms of inter-firm relationships, adapted from Hammervoll, 2009 

Relationship Forms Example Objective Value Creation Logic 
Logistics integration Planning and inventory 

coordination 
How actions at buying -
selling interface 
optimizes others cost 
drivers 

Sequential 
interdependence - 
one's action precede 
others 

Bilateral learning Product design 
connected to customer 
interactions 

How to make a joint 
contribution to 
increase customer 
experience 

Reciprocal 
interdependence - 
ongoing mutual 
adjustments by both 
party 

 

While logistics integration is common in industry, bilateral learning is not so common.  Since RFID 

technology offers transparency and boundary permeability, it can support inter-organizational 

information systems that not only facilitate logistics integration but also advance the relationship towards 

bilateral learning.  Despite this fact, many companies are reluctant to test and implement RFID system 

with their partners because of several managerial and technical challenges (Hwang & Rho, 2016). Two key 

questions that needs to be answered to establish better inter-firm collaboration are: 1) what RFID’s 

strategic value for all supply chain partners is, and 2) how to appropriate values (Lieberman, Garcia-Castro, 
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& Balasubramanian, 2016). The authors pointed out that if an RFID system is implemented across 

partners, it increases the quality of information shared, thereby improve visibility and agility which in turn 

increases inter-organizational trust. 

2.2    RFID in Apparel Retail Supply Chain   

RFID was projected to be part of the global business 

environment in late 2000’s. However, the adoption in the 

apparel retail sector has been muted for a long time (Fish, 

2017). Walmart’s initiative to tag its SKUs with RFID in late 

2003 gave a big push towards wider adoption of RFID in 

supply chain, and companies started to test out the RFID enabled supply chain (Reyes et al., 2016). This is 

understandable, as RFID can provide the following benefits in the retail supply chain (Vlachos, 2014). 

1. Distribution efficiency: RFID can improve performance through better inventory tracking in 

transit and in warehouse. This increases availability in store, reduce waste, increase sales in stores 

and increase overall supply chain performance. 

2. Reduced bullwhip effect: The cause of increased bullwhip effect is attributed to multiple factors 

like supply chain policies, gaming principle, or market fluctuations. Increased visibility and 

transparency have been one of the most effect strategies to reduce the bullwhip effect. 

3. Intelligent replenishment policies: The replenishment policies based on barcodes are very 

simplistic. We observed similar behaviors during our sponsor’s RFID pilot. The sub-optimal 

replenishment policies often lead to reduced sales revenue or increased cost because of re-

distribution of inventory. Timely RFID data offers additional benefit to create intelligent 

replenishment policies. 
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4. Intelligent store: RFID can help in easy monitoring of the exposure, availability and movement of 

items in store.  

5. Labor efficiency: Cycle counting, and inventory reconciling is often a time-consuming activity in 

store and warehouse. RFID can significantly increase labor efficiency by automating the non-

customer facing tasks. 

6. Customer centricity: Customer buying patterns across different channels help generate good 

insights which can foster supply chain innovation. The insights can then be used to create better 

product and service offerings for customers. 

Despite the obvious benefits, the adoption of RFID in retail supply chain has remained low. However, 

multiple research and pilot were conducted by companies in this area. The areas that dominated the 

research are cost-benefit analysis of RFID investments, process optimization, inventory management, and 

logistics and distribution management (Musa & Dabo, 2016).  

One limitation of the cost benefit analyses of RFID investments is that the analytical model, 

simulation, and case studies were conducted in context of the scale of the operations of the firm but not 

in context of flow density of goods in supply chain (Musa & Dabo, 2015). Flow density parameters such as 

volume, variability, velocity etc. can have different impacts on the different supply chain clusters, which 

can make the cost benefit analysis more impactful and meaningful.   

Over time, detailed use cases have been created to capture the benefit of RFID which can be grouped 

in two broad categories: 

• Operational excellence use cases 

• Business model excellence use cases 
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2.3 Operational Excellence Use Cases 

In theory, item-level tagging can transform the retail 

store operations and bring high efficiency to the supply chain 

(Rizzi et al., 2016).  Most use cases center on better inventory 

control, stock-out reduction, reduce shrinkage, and lower 

labour costs. 

An extensive set of 60 value added indicators (VAIs) enabled by RFID have been identified, which 

can enhance the overall value in the fashion and apparel industry (Bertolini, Romagnoli, & Weinhard, 

2017).  In our sponsor’s supply chain context, these RFID enabled VAIs broadly fall under the 8 use cases 

shown in Table 2. 

Table 2: Value Added Indicators for RFID implementation 

Key Area Use-cases 
Store Operation Efficiency Store Management to increase store efficiency 
Logistics and Distribution Efficiency Logistics 

Inventory and Supply Chain Management 
Factory / Upstream Management Strategic Sourcing 

Product Journey 
Customer Experience Management Brand Protection 

Customer Relationship Management 
Marketing and Promotion Management 

 

In addition to the intra-organization use cases, inter-firm operation excellence use cases have also 

been researched in detail to answer questions such as: 

• How can RFID help manage joint replenishment and delivery in retail supply chain? 

• How can RFID support optimal scheduling and coordination with upstream raw material supplier 

in garment supply chain? 

• How can RFID help reduce the bullwhip effect in the inter-firm supply chain? 
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2.4 Business Model Excellence Use Cases  

In addition to value captured through operational 

excellence enabled by RFID, firms can adopt different 

business models and create higher value across the supply 

chain (Hammervoll, 2009). For instance, retailers have 

started to use innovative means to collaborate with 

upstream suppliers and consumers to co-create value through IOT (Balaji & Roy, 2017). Elements of IOT 

include the integration of smart devices, unit-level tagging using RFID or QR (Quick Response) Code, and 

powerful analytics engines to convert big data to insights. Two use cases from business model perspective 

are relevant to our project: Fast fashion and Omnichannel business models. 

Emergence of fast fashion model: IOT tools and technologies are critical to support the fast fashion 

business model, which is characterized by short design-to-receive cycle and quick response to consumer 

demands (Watson & Yan, 2013). In apparel retail, while no one wants to be associated with the stigma of 

“slow fashion”, the truly fast fashion retailer has been able to outperform many in the industry with 

increased speed and flexibility. Zara, H&M and Forever 21 are some example of fast fashion retailers 

(Watson & Yan, 2013). Electronic communication, frequent delivery, reduced shelf life, and high sales to 

exposure ratio are few key hallmarks of this business model, which requires a dynamic information 

management system. 

Omnichannel as the tipping point: Omnichannel in retail has become pervasive. This model requires 

better inventory visibility and accuracy and can become a tipping point for the RFID’s adoption (Fish, 

2017). Most organizations have either set up or are in the process of establishing omnichannel capabilities 

to collectively capture a wider net of consumers, and at the same time offer a greater customer value 

proposition (Saghiri, Wilding, Mena, & Bourlakis, 2017). One key facet of an effective omnichannel 
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fulfilment is complete, accurate, and consistent visibility of products across multiple channels. In this 

regard, RFID has long been touted as one of the key integration technologies to support integrated 

omnichannel fulfilment. However, the technology needs to be supported by new processes and structures 

covering order entry, order preparation, route planning, shipment, and return management (Saghiri et 

al., 2017).  

One additional factor that impacts the omnichannel business mode is the capability to manage 

daily inventory record inaccuracies (IRI). Retailers still commonly use a centralized decision support 

system to serve both in-store and on-line customers from a single distribution center. These systems often 

ignore the continuously changing inventory record inaccuracies, and the system inventory record present 

a wrong picture leading to sub-optimal supply chain performance (Kull, Barratt, Sodero, & Rabinovich, 

2013). The authors concluded that the daily inventory record inaccuracy impacts the inventory 

management policies and results in increased system inventory but reduced fill rate. As a mitigation 

factor, frequent cycle counting can significantly reduce the impact of daily IRI. RFID enabled system, with 

its automation ability, increases the frequency of cycle count and thereby reduces the daily IRI, leading to 

higher supply chain performance.  

2.5 RFID-driven Business Intelligence to Improve Supply Chain 

RFID drives innovation primarily from the visibility 

perspective where the economies of capturing more data 

from additional checkpoints in the supply chain has become 

very favorable (Garrido et al., 2012). As the volume and 

velocity of data is increasing, managers are seeking more 

effective ways to exploit the data created within their organization and partner ecosystem (Chen, Preston, 

& Swink, 2015). Anecdotal evidence has shown that the insight generated from additional data has helped 
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to transform business strategy and to drive operational excellence. As the result, there is a growing push 

towards employing an array of powerful analytical techniques (Chen, Preston, & Swink, 2015). With the 

rapid growth of big data, advanced data techniques from data mining and machine learning are used to 

generate valuable insights.  

Impact of business intelligence on store operation 

Store managers continuously strive towards meeting the changing consumer preference, 

managing assortments, and driving sales. To enable this, they need to build business intelligence 

capabilities to handle big data. Business intelligence systems built on RFID help to generate insights to 

improve store operations. They also open scope to connect data collected from additional sensors to 

enrich the insights about customer buying behaviors and preferences (Al-Kassab, Thiesse, & Buckel, 2013). 

Impact of business intelligence on logistics and distribution  

The emerging trend towards omnichannel, i.e. convergence of physical and online retailing, 

requires new supply chain capabilities to meet uncertainty and complexity. In order to meet the 

complexity, it is important to deploy intelligent systems to help manage the dynamic demand-supply 

situation. 

Impact of business intelligence on manufacturing and upstream suppliers 

RFID can bring significant benefits to manufacturers by optimizing production scheduling and 

reducing overall lead times (Choi et al., 2015). Capturing the customer insight and reducing the overall 

design-to-manufacture lead time can bring additional competitive advantage and improve profitability. 

 

Through literature review, we understand the richness of the RFID-related literature. There are 

advanced RFID use cases available which can form the basis for implementation. In addition, retail 
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business model is shifting towards omnichannel, which increases supply chain complexity. Also, fashion 

retailers are collaborating with suppliers to reduce the design-to-shelf lead time to match the changing 

consumer preference. Increasing agility through improved speed and flexibility in such environment 

becomes the competitive lever to manage the supply-demand dynamics.  In order to meet this, 

organizations have developed advanced decision support systems capable to handle big data captured 

through RFID system. In this capstone, we validate the understanding that RFID can create value by 

improving agility in the apparel supply chain through our sponsor’s pilot. In the logistics & distribution 

stage, we test that advanced analytics using additional data points from RFID helps to formulate supply 

chain policies that improve overall speed and flexibility. In retail, we assess RFID’s use cases such as 

increased inventory visibility and product shelf exposure, which lead to flexibility and support for the 

omnichannel model. 

 

3 Conceptualisation 

We approached the question of how RFID can create value by improving agility through increased 

speed and flexibility, and through the lens of our sponsor’s ecosystem. First, we conducted structured 

interviews with business stakeholders to understand their pain points and perceived RFID value creation 

potential. Next, we studied the standard operating procedures (SOP) to understand the context. 

3.1 Process Analysis 

Our sponsor defines the apparel manufacturing cycle in 4 major stages: design, production, logistics 

& transportation, and retail. In this section, we investigate how RFID creates value in the 4 stages based 

on interviews with our sponsor. 
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Design: Traditional apparel design is a lengthy process, involving many rounds of product sampling. The 

apparel industry is moving towards digital design and sampling, which greatly reduces design lead time 

by reducing or removing sample shipping time. With the digital design infrastructure in place, RFID can 

further improve agility of the design stage by capturing demand signals which designers can incorporate. 

Production: Azevedo and Carvalho (2012) suggested that RFID creates value in the production stage 

through better management of raw materials, semi-finished components, and finished garments which 

ultimately improves agility. In our sponsor’s environment, finished apparel are sourced from contract 

manufacturers that also have other customers. While the suppliers are external parties, we interviewed 

one factory as well as our sponsor’s sourcing team to understand the inter-firm information flow. We 

identified the following areas which potentially could improve supply chain agility: 

1. Information sharing: There are multiple manual touch points in exchanging order and shipment 

information with suppliers. 

2. Status update of Work-in-Progress (WIP) orders: WIP information is not digitized, and hence not 

shared seamlessly between the parties.  

3. High lead time between finished production and shipping stage: Garments need to be inspected  

completely before getting shipping clearance which increases the lead time by around a week. 

4. Single period order: Most orders are placed in bulk for the entire season, and there is no continuous 

replenishment based on actual sales. 

Logistics & Distribution: This stage includes the transshipment warehouse, distribution warehouse, and 

shipment to the stores. The logistics services are provided by 3PL service providers. Key process areas that 

impact the agility of supply chain are: 

1. Warehouse process: The transshipment warehouse process includes multiple manual steps for 

inspection, sorting, repacking and shipping.  
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2. Store replenishment process: Our sponsor uses a one-to-one replenishment policy (replenishment is 

triggered when an item is sold) which might not be optimal. 

3. Omnichannel: Our sponsor aims to move toward the omnichannel fulfilment model. Currently, all 

online orders are primarily shipped from a replenishment warehouse. However, if a product is not 

available in the warehouse, a machine learning algorithm is used to determine the optimal store to 

fulfill the order. Nevertheless, the lack of inventory accuracy impacts the fulfillment lead time. 

4. Inventory management: Since cycle count is a manual activity, it is currently conducted infrequently 

(approximately every two months) in warehouses and stores. This results in inventory inaccuracy 

building up over time between cycle counts.  

Retail: Based on the interview with a store manager, we captured following insights which can help 

improve the agility in the store: 

1. On-shelf availability: Retail sales staff are expected to maintain on-shelf availability for different size-

color combination. However, there is no system support to manage the exposure of item on-shelf and 

to capture the KPI. 

2. Inventory accuracy: Stock take is a manual process which is accurate but time consuming. Inventory 

inaccuracy builds over time, and there is a potential to reduce the inaccuracies by increasing the stock 

take frequency through automating the process with RFID. 

In short, we find support that RFID improves agility in all stages of our sponsor’s apparel supply chain. 

3.2 Understand RFID Pilot Design 

To probe RFID’s value creation potential in the supply chain, our sponsor conducted a pilot study with 

one of its own retail brands where our sponsor controls the supply chain end-to-end. This retail brand has 

presence in China, South Korea, Taiwan, and Hong Kong with several hundred stores. While the brand acts 

like a fast fashion brand, its supply chain still follows the traditional mass manufacturing model. 
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The pilot included products sourced from 32 suppliers (factories), 1 transshipment warehouse, 1 

replenishment warehouse, and 5 retail stores in Shanghai. Everything in the 5 stores was RFID tagged, 

which included around 300 styles and 8000 pieces of garments. Handheld scanners were used to read 

RFID at the following checkpoints: 

• 1 factory at the end of the production line and at outbound 

• Transshipment warehouse inbound and outbound 

• Replenishment warehouse inbound and outbound 

• Retail stores inbound and in store 

Daily stock take was conducted in retail stores for 3 months. 

Figure 4 is a summary of the sponsor’s RFID pilot. 

 
Figure 4: The sponsor’s RFID pilot 

Our sponsor’s pilot covers use cases related to transportation and retail stages. Since the project’s 

focus is on capturing data for limited use cases, we aligned our analysis accordingly. 
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3.3 Hypothesis Building 

In this capstone project, we validated how inventory visibility and data insights captured during the 

RFID pilot help improve agility in the logistics & distribution and store stages. The hypotheses are: 

1. Logistics & Distribution: Advanced analytics using the machine learning approach will help to identify 

the right supply chain execution policies that improve the overall agility. 

2. Retail store: RFID implementation in store can significantly improve the overall store performance. 

Increased visibility will enable better flexibility in meeting consumer requirements both in the retail 

and online channels. 

 

4 Analysis and Results 

4.1 Logistics & Distribution Stage 

To validate our hypothesis that advanced analytics will help identify the right supply chain execution 

policies to improve agility, we used the machine learning approach. Using our sponsor’s inventory and 

point-of-sales (POS) reports from the same period the RFID pilot was conducted, we performed a cluster 

analysis and found three statistically significant clusters. These clusters have different characteristics in 

speed of sales, inventory accuracy, and on-shelf availability in the retail environment. With the right 

targeted policies, our sponsor can further improve agility. 

4.1.1 Data Exploration and Cleaning 

We started our analysis with data exploration and cleaning. In our initial exploration, we already found 

useful insights suggesting policy improvement opportunities. For instance, only a small fraction of our 

sponsor’s products is fast moving, and this validates our prior intuition that the inventory replenishment 
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policy can be improved. We also experimented with different unit of analysis, and then performed feature 

engineering to group features into major categories: sales density, sales variability, lead time and product 

attributes. Table 3 is the list of features we began our analysis with. Finally, we performed our analysis at 

the style-color-size level which is the same unit of analysis our sponsor uses. This was a decision to help 

our sponsor interpret the findings. At the initial stage, we had 6023 observations. 

Table 3: Final list of features used for analysis at style-color-size level 

 

4.1.2 Dimensionality Reduction and Data Preparation 

Our initial cleaned data had 50 features, which would have been difficult to interpret. Thus, it was 

necessary to perform dimensionality reduction. As the initial data was a combination of numerical and 

categorical features, we first one-hot encoded the categorical features, converting them to dummy 

variables for later analysis. Then, we preprocessed our data with z-score standardization to improve 

performance of our cluster analysis (Mohamad & Usman, 2013). Next, we performed a correlation analysis 

on the features and dropped the highly correlated ones (correlation > 0.8), as these features offered 

different views of the same information. Figure 5 is an example of the feature correlation heatmap used 
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to reduce collinearity. We then set aside features related to average sales intervals, as they are the proxy 

of sales speed, which we later used to validate whether the clusters have different behaviors in speed of 

sales.  

 
Figure 5: Sample correlation matrix 

 After the data preprocessing, we conducted 

exploratory factor analysis (EFA) to group the remaining 

43 features into easier-to-interpret factors. Initially, the 

features converged into 3 factors explaining 61% of the 

variance. Analyzing the scree plot suggested minimum 

incremental benefits beyond three factors, as shown in 

Figure 6. 

However, as factor 1 accounted for over half of the variance, we performed an additional EFA on 

the features that composed factor 1. We obtained two additional factors as the result. With EFA, we 

reduced the dimension of our dataset to four factors, as shown in Figure 7, with the following 

characteristics: 

Factor 1: The first factor is volume, which is composed of sales volume and product returns. In our cluster 

analysis, a high factor 1 value indicates the combination of high sales volume and low product returns. 

Figure 6: Scree plot to determine the optimal factors 
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Factor 2: The second factor is variability, which is composed of sales variability metrics. A high factor 2 

value indicates high weekly variability of sales. 

Factor 3: The third factor is sales channel, which is composed of online sales percentage metrics. A high 

factor 3 value indicates that products are mostly sold online, whereas a low value indicates that products 

are mostly sold in physical stores. 

Factor 4: The last factor is product attribute, which is composed of price and product category. A high 

factor 4 value indicates that products are either of high value or likely in the outerwear category, whereas 

a low value indicates that products are likely inexpensive or in other product categories. 

 
Figure 7: Exploratory factor analysis factor table 

4.1.3 Cluster Analysis 

With the dimensionality reduced from the exploratory factor analysis, we transformed our data with 

the new factors. Then, we performed a cluster analysis on the transformed data using the k-means 

algorithm for its popularity and simplicity. To find the optimal number of clusters, we used the elbow 

method and silhouette method tests and found 3 clusters. The cluster centroids converged after 23 

iterations. Finally, we used the ANOVA test and confirmed that the clusters are statistically significant (p 

< 0.001). Table 4 is the summary of our cluster analysis. 
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Table 4: Cluster analysis summary 

 

 From the cluster analysis, we obtained two large clusters each with over 2500 observations of 

style-color-size combination and a small cluster with 403 observations. We also performed a post-hoc 

Tukey test and confirmed that all four factors (volume, variability, sales channel, and product attribute) 

are statistically different between the groups with p values less than 0.001. Finally, to validate that clusters 

have different sales speed, we performed another Tukey test using the average sales interval as a proxy 

of sales speed. We found that cluster 1 has different speed compared to the other two clusters (p < 0.001). 

However, the difference in sales speed was not clear between cluster 2 and 3, with a p value of 0.357. 

Nevertheless, both cluster 2 and 3 are slow-selling, with long average sales intervals. 

4.2 Data Interpretation 

By comparing the relative value of the cluster centroids, we defined the clusters as follows: 

Cluster 1 is a small cluster with products that have high sales volume, low weekly sales variability, use 

both online and offline channels, and are not very expensive. Also, this cluster has high sales speed with 

short average sales interval. In other words, it is a “fast moving omnichannel” cluster. 
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Cluster 2 is a large cluster with products that have low sales volume and moderate weekly sales variability, 

use mainly online channel, and are inexpensive. Products in cluster 2 are slow moving with the longest 

average sales internal. Thus, it is an “online longtail” cluster. 

Cluster 3 is another large cluster with products that have low sales volume and high weekly sales 

variability, use mostly offline channel, and are moderately priced. This cluster also has slow-moving 

products with long average sales interval. It is a “retail longtail” cluster. 

Supply chain policies to improve agility for each cluster: 

The machine learning techniques built on big data help to create predictive and agile supply chain 

policies by minimizing uncertainties and oscillations in the supply chain flow. There is evidence that 

companies utilize these techniques to design policies to reduce demand uncertainty, improve 

omnichannel fulfilment, and optimize inventory. However, considering the limited scope and data 

captured during our study, we focus only on a subset of strategies that can be used for these clusters 

based on their characteristics. 

Fast moving omnichannel: Products in this cluster are of low to moderate price range and are sold 

through multiple channels. The fulfilment speed in this cluster is often impacted by system inventory 

inaccuracy. Currently, most of the products are shipped from a centralized distribution center (DC), but 

there is a potential for faster fulfillment through planned shipments from the nearest store. It is possible 

for our sponsor to employ an advanced algorithm to decide where to fulfill orders from, provided that the 

daily inventory inaccuracy can be reduced using RFID. 

Online longtail: There is anecdotal evidence that the order-to-delivery lead times for these products are 

high. In addition, products are currently offered online only when they are available in the DC, which can 

be few weeks after initial factory shipments. This cluster’s sales performance can be increased through 
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the combination of early product exposure online and reduced order fulfillment lead times, which RFID 

can support. 

Retail longtail:  These products are often from previous seasons or have higher initial allocated inventory. 

While our sponsor’s inventory allocation algorithm considers historical sales data, it lacks the ability to 

use real-time product movement data captured by RFID. With additional insights, RFID can help to 

improve inventory allocation and balancing policies for the SKUs in this cluster, improving flexibility. 

4.3 Retail Store Stage 

The use cases for this stage is centered around store on-shelf and inventory management. During the 

RFID pilot, our sponsor identified multiple store KPIs that can be improved such as store shelf 

replenishment, out-of-stock SKU management, and misplaced merchandise management. The RFID data 

captured at retail brings out significant benefits in store operations in terms of increased visibility, high 

availability of item-on-shelf, increased inventory accuracy, and reduced effort.  

Data Capture: 

During the pilot, all merchandise SKUs (style-color-size) in 5 pilot stores were tagged with RFID. In this 

period, daily stock take was conducted using RFID handheld scanners. This exercise provided item visibility 

both on the shelf and in the backroom. Although our sponsor’s ERP system was not synched with the RFID 

data read, the differences were recorded to measure the gap and to estimate the value potential. 

Data explorations and analysis:  

Inventory management in store – In our sponsor’s current practice, physical stock take is performed bi-

monthly in stores, and the inventory inaccuracy builds up over time. Based on anecdotal evidence, the 

inventory accuracy is approximately 95% in the stores.  If the correct SOP is followed, the accuracy of 
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detailed RFID-enabled inventory count can reach up to 99% (Bertolini, Bottani, Ferretti, Rizzi, & Volpi, 

2012), which is a significant improvement. 

During the pilot, the average inventory accuracy, 

measured as the difference between ERP records and RFID 

reads, varied across stores and time periods. On average, 

the system inventory accuracy was around 96% as shown 

in Figure 8. In general, the inventory accuracy increases 

immediately following stock takes, but it slowly degrades 

over time. 

In a cluster-wise inventory accuracy comparison using data 

from one store, we found that the rate of inventory 

accuracy degradation differs between the clusters as 

shown in Figure 9. For the fast moving omnichannel cluster, 

which is characterized by high volume and high product 

returns, the accuracy declines faster than the other 

clusters. This is where RFID can create value. According to Kull et al. (2013), RFID plays a significant role in 

reducing the daily inventory record inaccuracies (IRI) as we discussed in prior section.  

Shelf availability: In our sponsor’s retail stores, regular 

checks are expected to ensure that the required number of 

sizes for each style-color combination is always available on 

the shelf. At the minimum, there should be one of each size 

available. RFID can significantly increase on-shelf availability 

Figure 8: Inventory accuracy snapshot in 5 stores 

Figure 9: Cluster-wise inventory accuracy 

Figure 10: Pilot stores' shelf availability 
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through managing avoidable stock-outs, and as the result, 

sales volume can potentially improve 4-5% (Bottani, 

Eleonora, Montanari & Romagnoli 2016). On average, our 

sponsor’s shelf availability at the style-color-size level was 

around 85% during the pilot as shown in Figure 10, and the 

availability varied for selected SKUs. Again, this can be 

significantly improved using RFID-enabled in-store solutions. Figure 11 illustrates that there was no 

significant difference cluster-wise for the shelf availability. This highlights that RFID in general can provide 

value by increasing product exposure for all clusters, thus improving sales speed. 

Omnichannel fail rate: From the pilot, we observed that the omnichannel fail rate can be reduced by as 

much as 10% using RFID. In our sponsor’s context, fail rate is defined as the time lost from not finding the 

SKU in the assigned store. Because of sub-optimal system inventory accuracy, the fulfillment of online 

order from store becomes quite challenging, resulting in delays and lost sales.    

 

5 DISCUSSION 
 

5.1 Sponsor’s RFID Pilot - Limitations 

Our capstone project has the following limitations: 

1. RFID pilot scope - Our sponsor’s pilot did not include design and production stages within its scope. 

Hence, we were unable to analyze the inter-firm relationships. While RFID enables different patterns 

of interactions between supply chain partners, these new patterns were not captured during this 

phase of the pilot. 

Figure 11: Cluster-wise shelf availability 
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2. RIFD project data – While good data was captured at the retail store level, insufficient data was 

captured for the logistics & distribution stage. Furthermore, we were unable to obtain control group 

data to compare the difference between RFID-enabled flow and existing setup. In addition, data for 

only one season was used for our capstone, which may introduce bias in our analysis and result. 

3. Pilot timeline versus our capstone project timeline – Our capstone project timeline coincided with 

the initial evaluation timeline of our sponsor’s pilot. Limited use cases were identified for this initial 

project, which limited our ability to do a thorough end-to-end quantitative analysis 

5.2 Insights and Management Implications 

Through the experience with our sponsor’s RFID pilot, we feel that greater opportunities to capture 

value exist if the pilot follows certain best practices as suggested by the literature. The following factors 

help in the successful implementation of the RFID pilot: 

1. Define analytics strategy using RFID data to support omnichannel supply chain – Omnichannel 

model requires an intelligent decision support system. The support system helps to increase demand 

forecast accuracy and manage the supply and demand variability. Machine learning approaches like 

clustering, neural networks, and simulation help to analyze the consumer behaviors, realize high 

forecast accuracy, and optimize cost and lead times (Pereira, Oliveira, Santos, & Frazzon, 2018). 

Defining the analytics strategy prior to RFID experiment design ensures the right set of quality data is 

captured to support omnichannel use cases. 

2. Define strategy to leverage RFID enabled business intelligence in stores – Since RFID provides 

granular information, multiple data-driven applications are feasible to improve internal operations, 

management decisions and customer services (Al-Kassab et al., 2013). Examples include: 1) measuring 

and optimizing exposure and replenishment’s impact on turnover, 2) managing suitable product 

rotations between shelf and backroom to reduce product degradation without impacting sales, 3) 
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tracking the compliance of visual merchandising, and 4) improving  employee productivity to interact 

with customers. The pilot should be designed with the data-driven applications in mind. 

3. Include supply chain partners in the study – A RFID enabled information sharing system improves 

agility and mutual trust in inter-firm supply chain interactions (Hwang & Rho, 2016).  If partners are 

cooperatively engaged to re-define the shared information system and connected processes, higher 

value can be captured. In addition, understanding the technical challenges related to interoperability 

of data, Electronic Produce Code (EPC) standards, and RFID’s impact on existing IT infrastructure help 

to involve supply chain partners, thus improving the outcome.  

4. Manage technological challenges of RFID system – The inability to capture accurate RFID data due to 

infrastructure limitations and sub-optimal configurations reduces the perceived benefits and hinders 

wider project implementations. As discussed in the literature review section, RFID read accuracies are 

often impacted by interference which can be mitigated by deploying the right protocols, reader 

configuration, and middleware (Zhang et al., 2016). 

 

Table 5 presents a summary of relevant value drivers for our sponsor based on discussions with the 

sponsor, literature review, and our analysis. Considering the limited scope of the sponsor’s pilot, we focus 

on the following value drivers: 

1. Forecasting and Planning 

2. Inventory Management 

3. Stock Replenishment 

4. Improve Shelf Availability & Exposure 
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Table 5: Value potential for different stakeholders 

 

In general, RFID provides end-to-end product visibility which is beneficial for all stakeholders. It also 

improves supply chain performance by enabling more granular KPIs. However, there are different levers 

that can be used to improve speed and flexibility for different stakeholders. 

The levers for speed are: 

• Manufacturing: Reduced lead time between inspection and shipment, as well as time gained from 

early product exposure. 

• Transportation: A multi-stage joint replenishment and delivery model which facilitates optimal 

routing and reduced shipment lead time. 

• Warehouse: Omnichannel order fulfillment time by identifying optimal shipping locations and 

reducing fail rate (time lost from not finding the SKU in the assigned shipping location). 

• Store: Time spent in locating items, replenishing stock, and managing returns. 

 

Vi
sib

ili
ty

Sp
ee

d

Fl
ex

ib
ili

ty

Vi
sib

ili
ty

Sp
ee

d

Fl
ex

ib
ili

ty

Vi
sib

ili
ty

Sp
ee

d

Fl
ex

ib
ili

ty

Vi
sib

ili
ty

Sp
ee

d

Fl
ex

ib
ili

ty

Forecasting and Planning 3 3 3 1 0 0 2 0 0 3 3 3

Inventory Management 1 1 1 2 2 2 3 3 2 3 3 3

Stock Replenishment 2 2 2 2 2 2 3 3 3 2 2 2

Improve Shelf Availability 
& Exposure

1 1 1 1 1 1 1 1 1 3 3 3

RFID Enabled Initiatives

Value for Different Stakeholder

Manufacturing Transportation Warehouse Store



   
 

35 
 

The levers for flexibility are: 

• Manufacturing: Right mix as per demand signals. 

• Transportation: Proper stock redistribution. 

• Warehouse: Ability to offer products wherever and whenever customers want. 

• Store: Flexibility to adjust product mix according to customer demand signals. 

According to literature and our observation from the pilot, the retail store stands to gain the 

maximum value from increased visibility, speed and flexibility. Nevertheless, significant value can be 

created for other stakeholders as well. 

1. Forecasting and Planning – Fashion products have short lifecycles which increase forecasting and 

planning complexity. However, forecast accuracy can be improved using advanced machine learning 

algorithms (Loureiro, Miguéis, & da Silva, 2018). In our analysis, we found that SKUs in different 

clusters exhibit different characteristics. By using quantitative variables like volume and price, and 

categorical variables like color, product family, store location, and season, etc., more robust forecasts 

can be created to answer (Loureiro et al. 2018), for various geographies, channels, and time periods: 

1) how do events like Double 11 impact sales of different SKUs? 

2) which color and size mix sells better? 

3) how does long tail behave differently? 

With collaboration and information sharing, both the manufacturer and the retail store can gain high 

value through increased visibility of consumer demand and changing preference. And they also 

benefit from improved speed and flexibility based on the levers identified earlier. 

2. Inventory Management – In our analysis, we found that daily inventory record inaccuracies (IRI) are 

highly variable across stores and between clusters. During the RFID pilot, we confirmed that RFID 

reduces the average time to perform stock take from 36 to approximately 1 man-hour. This enables 
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more frequent system inventory updates, thereby reducing IRI. Having a network wide accurate 

system inventory helps to improve speed and provide flexibility to fulfill omnichannel orders. Thus, 

RFID can provide high value to both warehouse and store in terms of increased visibility. 

3. Stock Replenishment – With the increasing consumer preference to buy and pick up assortments 

from multiple channels, there is a growing need to have flexibility for store replenishment and online 

order fulfillment. There is a possibility to use stores as fulfillment centers which can replenish both 

nearby stores and online orders. The product flow analysis based on additional data captured through 

RFID can help identify new nodes and routing models, which will increase both speed and flexibility. 

In such a scenario, all stakeholders will gain high value. 

4. Improve Shelf Availability & Exposure – As discussed in the analysis and results section, we found 

substantial opportunity in store to improve on-shelf availability. A RFID system enables the 

automation of backroom replenishment, in-store promotion, and cross-marketing strategies, which 

increases the sales volume in store. For this value driver, the retail store gains the most value from 

improved store performance as highlighted in the levers. 

 

6 CONCLUSION 

In this capstone project, we validated that RFID indeed creates value for all apparel manufacturing 

stages defined by our sponsor through qualitative and quantitative approaches. Within the scope of the 

sponsor’s pilot, we showed that significant improvements in retail store can be achieved through 

increased inventory visibility and exposure. In the logistics & distribution stage, we demonstrated that 

advanced analytics using the machine learning approach, combined with additional data points from RFID, 

can help to form supply chain execution policies that improve the overall supply chain agility. Although 

the pilot was limited in scope, the learnings can nevertheless be applied to our sponsor’s other businesses. 
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In addition, they can be useful for other businesses in the apparel supply chain that use the traditional 

mass manufacturing model seeking to improve supply chain agility. 

Future Research 

Our research was limited by data, and data that span over multiple years would have generated 

insights with less bias and higher confidence, which our sponsor should consider for future research. In 

addition, combined with the right questions and the additional supply chain checkpoints, our sponsor or 

future researchers can conduct experiments that will quantitatively demonstrate RFID’s value creation 

across all stages of the apparel supply chain between multiple stakeholders. This is an area that still needs 

more development. 
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