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Abstract. In contrast to traditional paper price tags, electronic shelf label (ESL) has made dynamic pricing 
feasible and efficient in brick-and-mortar retailers. Even better, ESLs enabling two-way communication with 
shoppers in front of shelf are able to realize some innovative business strategies, with involvement of merchants, 
shoppers, advertising agents, and other business partners. However, to make ESLs programmable and easily 
integrable by heterogeneous information systems, a universal interface is necessary. This article examines various 
application scenarios of ESLs in retailing contexts and accordingly proposes a universal interface for programming 
these ESLs. 
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1. Introduction 

In retailers, many goods’ prices need to be updated frequently to reflect dynamic factors such as inventory 
level, prices of competitors, expiration date, etc. Obviously, brick-and-mortar retailers cannot update their paper-
based price tags being attached on the shelf automatically. Electronic shelf label (ESL), is also known as 
electronic price tag or digital price tag, emerges as an alternative for displaying prices and other product 
information in brick-and-mortar retailers. In contrast to paper-based tags, what shown on ESLs including prices 
and other product information could be dynamically changed by retailers’ inventory information system, which 
means large scale pricing dynamics is feasible and efficient in physical retail stores. With the capability of 
dynamically changing prices, physical retailers have better chance to compete with their online counterparts. Up 
to date, more than hundreds of millions of ESLs have been deployed in food retailers, consumer electronics stores, 
supermarkets, pharmacy, and other sectors. Even though, the ESL’s penetration rate in global retail market is still 
pretty low. Figure 1 shows samples of ESLs and an application scenario in a grocery store.  

Not only displaying dynamic information including prices, promotions, smart ESLs further enable two-way 
communication between ELSs (or the backend information systems) and shoppers in front of shelf. Moreover, 
with application of mobile devices and APPs, personalized shopping experience could be brought to physical 
retailing contexts from online stores. The information dynamics, two-way communication, and personalization 
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collectively are able to realize versatile business strategies that promote sales, reduce waste, elevate store image, 
strengthen customer loyalty, and so on. That will provide retail businesses, especially those retailers with multi-
channels, competitive edges.  

 

 
Fig. 1: Electronic shelf labels and applicaion 

However, to fully exploit the edges of ESLs in enterprise-wide retailing contexts, the application of ESLs 
must be considered beyond a single store’s viewpoint. Technically speaking, all deployed ESLs could be 
accessible by not only retailers, but also shoppers, advertising agents, suppliers, and other business partners. In 
other words, ELSs could be treated as a kind of objects in the IOT (Internet of things), and various information 
systems being controlled by different parties need to access this kind of objects to fulfill particular functions. 

In light of its significance in efficiently operating and managing a modern retail business, the present work 
aims to analyze the functions of ESLs in retailing contexts, and propose a universal interface for managing them. 
The universal interface, is easily accessible not only by merchants, but also by customers, business partners, and 
will provide business partners more flexibility to innovate and adjust collective business strategies, which are 
crucial in business contexts facing fierce competition. Besides, the universal interface facilitates seamless 
integrations of heterogeneous information systems in different parties. 

2. Prior Works Review 

2.1. Electronic shelf labels 

Prior studies show that price is one of the most significant factors influencing customers’ purchase intention 
and behaviors in retailing contexts [1-3]. Online retailers can update prices and other product information 
promptly and economically, through their back end information systems. The pricing dynamics provide them 
superior flexibility and adaptability, comparing with their brick-and-mortar counterparts. Facing increasing 
competition from online retailers, many traditional retailers shrank or retreated from the market since the 
inception of e-commerce [4, 5]. 

In a physical retailer selling goods with frequent price fluctuations such as supermarkets, grocery stores, and 
consumer electronics retailers, staff must manually change price tags from time to time. In a large scale 
supermarket, thousands of price tags must be changed per week. The manual tags’ changing results in the 
following 3 drawbacks: (1) slow response, which means prompt and volume price changes are difficult if not 
impossible. (2) Labor consuming, which means higher operation cost. And (3) price discrepancy, which means 
the price shown on tag is different from the one in information system and will be charged to shoppers. The price 
discrepancy further creates adverse effect on store image and customer loyalty [6-8]. 

To cope with this troublesome but significant issue, retailers gradually adopt electronic shelf labels, even at 
high initial cost. Although an ESL can show information with E-Ink, LCD, or other display technology, but most 
of deployed ESLs took E-Ink due to its superior power efficiency; one button cell battery can last for 5 years in 
normal usage scenario. In the context of retailing, higher power efficiency of large volume electronic price tags 
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means much less labor-intensive works and lower operation and maintenance cost. The major suppliers in the 
ESL market include SES-imagotag [9], Pricer [10], Opticon [11], Altierre [12], and Hanshow [13]. 

Figure 2 shows a modern retailing context with deployment of ESLs and supportive devices. A product 
information server updates the product information including price, updated product information will be sent to 
corresponding ESLs through gateway and wireless network. With this kind of deployment, prices of thousands of 
products could be updated within seconds.  

To make ESLs more versatile, QR codes were shown on ESLs, so that shoppers in front of shelves can 
interact with merchant’s information systems to acquire more relevant information such as product review, rating, 
usage, etc. In addition, near field communication (NFC) capability was added to some ESLs, which makes 
interactions between shoppers and retailing contexts more convenient [14].  

Product information

server

wireless access point

gateway

ESLs on shelves
Shopper with 

smartphone

Two-way 

communication

 
Fig. 2: Retailing Context with ESLs 

2.2. IOT and restful styled interface 

With connections to back end information systems via wireless networks, each ESL could be indirectly 
accessible by specific computers on the Internet. From this viewpoint, ESLs within retailing contexts are a kind of 
IOT (internet of things) objects. A prior work describes how to plan and deploy ESL enabled networks in details, 
but within one single store’s scope [15].  

To make IOT objects programmable (manageable) by various information systems, an application 
programming interface (API) that fits different types of systems is necessary. Prior works indicated that RESTful  
[16] styled interface is appropriate for programming different types of IOT objects [17-20]. 

In a RESTful application, everything such as ESLs that could be accessed or operated is treated as resources, 
and resources must be identifiable via a uniform naming scheme, or practically, the uniform resource identifier 
(URI). In contrast with its heavyweight counterpart: the SOAP-based Web service, the restful service associates 
standard HTTP methods with operations that intended to be performed on resources. 

Due to the uniform identifying scheme and access (operation) interface, the restful approach significantly 
reduces the complexity that are caused by processing of SOAP-encoded messages, such reduction offers a 
lightweight option for adopting Web services. Moreover, the plain HTTP-based access interface eases the 
integration of popular and lightweight techniques such as asynchronous JavaScript and XML (AJAX) into client 
side of restful Web applications, which further makes more service consumers using devices with various form 
factors to access IOT resources pervasively. In addition, applications supporting RESTful Web Services perform 
better on wireless nodes with constrained resources just like ESLs [20]. 
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Considering many advantages of RESTful styled interface, this work realized a universal interface of ESLs 
with the RESTful style and the supported techniques. 

3. ApplIcation Scenarios of ELS 

Before proposing how to design the programmable interface for ESLs, this section analyzes several key 
application scenarios of ESLs in retailers. 

3.1. Dynamic pricing  

The most straightforward advantage of adopting ESLs in physical retailers is pricing dynamics. Many kinds 
of information influencing prices could be collected from in-store and external systems, after calculations 
according to pricing strategies, prices and other product information will be sent to and displayed on the 
corresponding physical ELSs. Information systems need to perform this kind of updating operations on ESLs 
frequently. Thus, performing these operations need to be very efficient.  

3.2. Product information online inquiry 

With accessible and networked ESLs, shoppers can obtain prices and other information regarding products of 
interest via computers or smartphones. In other words, shoppers can check prices of products in physical stores 
without visiting stores in person. Offering this function, brick-and-mortar retailers make their prices transparent to 
potential consumers who browse before purchasing, online price comparison agents or robots via which many 
shoppers collect candidate products. Clearly, this feature can pull physical stores back on many consumers’ radar 
screen. This kind of reading (fetching) operations should be the most active ones, among all possible operations 
on the ESLs. 

3.3. Personalized experience 

Since increasing smartphones equip the NFC to realize convenient functions such as mobile payment, vendors 
can apply the same technology in ESLs to enable two-way communication between ESLs (the information system 
directly controls the ESLs) and shoppers (shopper’s mobile APP).  

Shoppers who use smartphones with personal identity can even obtain personalized product and sales 
information while interacting with NFC-enabled ESLs. For example, members of loyalty program who used 
smartphone to tap particular ESLs will be recognized and get special discount, or will obtain personalized 
recommendations and promotions messages via mobile APPs, according to her/his purchase history, preference, 
etc. This personalized shopping experience not only fits shoppers’ needs well, but also will make vendors’ 
marketing activities more prompt and precise. 

3.4. Product adjustment 

Retailers need to add and remove products from time to time, according to availability, season, market trend, 
and many other factors. Consequently, ESLs associated with added and removed products also need to be 
adjusted accordingly. Systems perform create and delete operations on particular ESL objects to adjust product 
alignment. 

4. Realizing a Restful Interface of ESLs 

This section explains the design rationales of the restful interface of programming ESLs, as well as describes 
how the design concepts were realized accordingly. 

4.1. Design rationales 
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To embody the concept of universal programmable ESLs, a corresponding system was designed and 
implemented. The system consisting of major components is illustrated in figure 3. The design of the interface 
complied with the following constraints: first, all types of ESLs will be organized in hierarchical style. For 
example, a chain retailer's ESLs consist of every individual store’s ESLs that in turn comprising ESLs associated 
with different categories of products.  
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Fig. 3: Universal Programmable ESLs 

Second, from the perspective of chain store’s administrator, to make each product manageable in different 
levels, identifiers of all ESLs must follow a common URI pattern, and thus could be represented hierarchically. 
For example, to identify a particular product’s ESL (say, with SKU =1001) in a specific store, we can use URL 
like this: http://www.allfoods.com /southernLA /store10 /vege/SKU1001. 

Third, the four basic HTTP methods: POST, GET, PUT, and DELETE are uniformly used to map the CRUD 
(Create, Read, Update, and Delete) operations on a virtual ESL, respectively. Accordingly, to create a new 
instance of virtual ESL record corresponding to a particular product, a POST request including the HTTP verb along 

with the request contents (input data) would be sent to http://www.allfoods.com/southernLA/store10/vege/. To 
update information of a particular product, the corresponding HTTP PUT request and the new data will be sent to 
http://www.allfoods.com /southernLA /store10 /vege/SKU1001. 

4.2. Implementation 

To realize the design concept, as figure 3 illustrates, each ESL need to be associated with a virtual ESL in 
retailer’s information system. The virtual ESL records all information regarding one particular physical ESL that 
should not be exposed directly to external systems for reasons like security and power efficiency. All operations 
including create, retrieve, update, and delete are performed on the virtual ESL first, which status then be 
forwarded to the physical counterpart on demand. 

A Web and application server was used to accept requests from clients; the restlet package was used for 
frameworking the restful Web application with Java servlet and JSP techniques. To persist all data records 
regarding contents in retailers' portfolios, relational database was the choice. On the client side of the proof-of-
concept system, the AJAX was applied to send the four basic HTTP requests, as well as to receive and handle the 
response messages from the service provider. A typical restful application allows that resources have different 
formats, e.g. plain text, XML, and JSON (JavaScript Object Notation), etc. 

5. Discussion and Conclusions 
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5.1. Smart ESLs and impacts 

The networked and interactive ESLs bring 3 major implications to administrators and users as follows: 
1) Sensibility: online stores use cookies to keep track of online shoppers’ purchasing behaviors completely 

and precisely. Smart ESLs enabling two-way communications behave to certain extent like sensory organs in 
brick-and-mortar retailer. Using interactive ESLs and mobile APPs, physical retailers also can know and record 
shoppers’ behaviors for providing personalized services and conducting precise marketing. Collections of 
individual shoppers’ behaviors are valuable to vendors. 

2) Pervasiveness: fundamentally, the RESTful ESL objects could be accessed through basic HTTP methods. 
Consequently, the widely support of HTTP client makes it feasible to perform ESLs’ functions diversely and 
pervasively. This is a critical feature making the ESLs-based system be adaptive to the ever-changing business 
strategies and contexts.  

Besides the pervasiveness, the simple application interface utilizing URI and HTTP methods also reduces 
work load of systems managing ESLs significantly because of the lower time complexity of algorithms that are 
responsible for composing and decomposing large volume of messages between clients and ESL managers. 
Obviously, the simplicity of the RESTful interface benefit users of mobile devices in particular due to the inferior 
computing power. 

3) Accessibility: realizing many business strategies needs seamless collaboration among multiple participants 
accessing ESLs. For example, analyzing customers’ interests on a particular product need to consolidate data from 
many stores located on different cities. Fortunately, the common and standardized RESTful interface makes it 
easier to consolidate data from distributed ESLs. Actually, it is straightforward to access ESL-typed objects and 
integrate them directly within any type of HTTP client including the application of AJAX technique in most Web 
browsers. 

5.2. Contribution 

This article describes a RESTful styled approach for programming distributed ESLs that spread across 
enterprise-wide range. With the universal and simplicity aspects, heterogeneous information systems that reside 
on different sites and fulfill different functions, can integrate large volume of ESLs into current application 
frameworks with ease. Besides, users including shoppers, staff and managers, partners can use various connected 
client devices to conveniently access ESLs of interest. 

5.3. Future directions 

Since the application of ESLs in physical retail contexts is still in its very early stage, many innovative 
business strategies using ESLs are under development or will be developed and tested later. Rationally, effective 
and cost-efficient usage models of ESLs and the corresponding technical requirements are still evolving, which 
means the present programmable interface of ESLs might also adapt to the new approaches. Even though, the 
simplicity and universal properties of the proposed interface will prevail due to the features of ESL-enabled 
retailing contexts. 
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