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Abstract. Consumers often need additional information to decide which prod-

ucts would best suit their needs. This information is in practice limited due to 

limited space, limits of human attention, large number of products, etc. On the 

other hand, any approach to provide any kind of information to the customer is 

effective only if it does not require excessive user involvement. As a solution to 

offer only relevant information with minimal customer engagement we propose 

our vision of interactive shelves. The general idea is to observe the customer in-

teraction with the products in order to recognize and display relevant infor-

mation. At the moment the observation of interaction is achieved by using pas-

sive infrared sensors (PIR) and ultrasound distance measuring sensors (US) to 

detect user grabbing or pointing to products. We are planning to enhance the 

current system with camera and gaze detection in the future. 
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1 Introduction 

In a process of selecting/buying products, customers need to take several decisions 

based on the information available. Traditionally they get support from shop assis-

tants, which can advise them and provide additional information. Nevertheless, it is 

important that customers are able to get certain information of the products even 

without such assistance. One way of providing information is by writing it on declara-

tion labels of products, which are usually limited due to space constraints. In addition, 

the process of informing is affected by the large number of products available and 

human ability to extract the required information. All these adds to the amount of 

effort required for the costumer to extract relevant information and reading product 

declarations often turns out to be too complex to be effective.   

The described limitations can be solved with interactive shelves that would recog-

nise costumers’ information needs with minimal customer engagement. As a good 

shop assistant, the interactive shelves would need to provide only that much infor-

mation the customers can bear and only the information that is relevant for the specif-

ic customer at the specific point in time. Information selection must be thus based on 

customer interaction with the environment. Our solution to recognise costumers’ in-

teraction include the detection of grabbed or pointed products as well as detection of 

their gaze.   



2 System description 

Interactive shelves offer customers additional information on display(s) mounted in 

the vicinity of the products, usually above or on the side of the shelves. The shelves 

are equipped with sensors that detect presence and position of customer hands when 

reaching towards the products. The combination of passive infrared sensors (PIR) 

used for presence detection and ultrasonic distance sensors for accurate hand position 

detection is proposed. The information of hand location is used to recognize custom-

er’s information requirements. We see additional possibilities of customer interest 

detection using camera(s) and gaze detection, omitting the need of any kind of active 

customer involvement. A possible configuration of shelves equipped with display and 

sensors is illustrated in Figure 1. In practice, all the sensors are small and hidden. The 

detected interest/information requirements are used to select predefined information 

pages to be displayed on display(s). In the initial implementation each product is ex-

plained with one information page displayed at the time of detected customer atten-

tion to the product. In addition, product observation history could also be used to 

make recommendations of related products. Each information page may consist of 

any type of information, e.g., text, images, videos or their combination. 

 

 

Fig. 1. A typical sensor configuration of interactive shelves. In practice, all the sensors are 

small and hidden to the customers. 

3 System design and implementation 

One of the primary goals of the system design was to make it modular, such that addi-

tional advanced functionality can be added to the initial basic functionality. Thus, the 

system is designed to be easy to upgrade and also easy to understand. The system 

architecture, consisting of five layers and a data storage, is illustrated in Fig.2.  



 

Fig. 2. Interactive shelves system architecture. 

Physical layer. Physical layer consists of hardware sensors. In our implementation 

they are all connected to the main processing unit, the Raspberry PI version 2. Due to 

relatively large number of PIR and US sensors they cannot all be directly connected 

to the GPIO port such that I2C IO extensions (using integrated circuit MCP23017) are 

planned. For future upgrades additional sensors are possible, e.g., camera(s) for gaze 

detection [1]. 

Localization layer. It is used to process the signals from the sensors in order to obtain 

information of the location of interest, i.e., in the basic implementation the coordi-

nates of detected customer hands reaching towards the shelves. This layer requires 

additional information of sensor geometric configuration, which depends on actual 

shelves geometry. For a typical sensor configuration see Fig.1. Information from all 

the sensors is integrated into a single vector of interest location.  

Product identification layer. It serves to identify which product is in focus of custom-

er interest. It requires information of product locations on the shelves, which it gets 

from the system data storage. Typically the closest products are selected.  

Information strategy layer. It is used to define a strategy of displaying additional 

product information on display(s). Its implementation is trivial for the basic function-

ality where only one page of additional information is planned for each item. Its ad-

vanced version may consist of two stages, i.e., interest recognition obtained from 



metadata of few latest products and definition of a sequence of information pages 

providing additional information for detected interest. The decision of sequence of 

information pages shall be defined according to metadata of products, interests and 

available information pages, similar as it was developed for e-shopping [2].  The re-

sult of this layer is an information page ID to be displayed at  the moment (or multiple 

IDs if multiple displays are used). 

Presentation layer. The additional information regarding products on shelves is dis-

played using a standard web browser in full screen mode. All the pages are prepared 

in advance and passed from the system data storage over a standard HTTP server. A 

simple Javascript function running in a browser periodically checks for changes of 

page ID by calling a simple PHP script on the server. Whenever the page ID changes, 

it reloads the page in the browser’s main frame. This approach enables pages to con-

sist of any kind of information, not only static text and images, but also videos or 

other dynamic content. 

Data storage. There are two main entity types stored in system data storage, i.e.,  

products and information pages. They together present all the information specific for 

the interactive shell usage and can be administered from a dedicated web interface. 

Both entity types have attributes that relate them with customers’ interests and enable 

their linkage in the information strategy layer.  

4 Conclusion 

The interactive shelves are a step towards improved customer experience. The actual 

system is currently in the implementation stage. In addition to technical implementa-

tion issues explained here, other questions need to be considered before using such 

technology in practice. For example, the specifics of customer psychology and mar-

keting issues shall be clarified in order to find the best positioning of displays, tem-

poral specifics of interest recognition and sequence of information pages, recommend 

principles of product ordering, and to test different design issues of information pag-

es. The concept could be extended to general information points, which could in addi-

tion to shelves have a form of interactive boards, posters or maps. As such the concept 

has a wide usage not limited to product shopping but also to tourism and services. 
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