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Abstract - Augmented reality makes the real-life environment around us into a digital interface by putting 

virtual objects in real-time. AR uses the existing environment and overlays new information on the top of 

it unlike virtual reality, which creates a totally artificial environment. An interesting definition of AR has 

been described by Azuma (Azuma, 1997), as a variation of Virtual Reality. VR technology completely 

immerses a user inside a synthetic environment. While immersed, the user cannot see the surrounding real 

world. In contrast, AR allows the user to see the real world, with virtual objects superimposed upon or 

composited with the real world. Therefore, AR supplements reality, rather than completely replacing it. 

With AR applications it is possible to show to the user a common space where virtual and real object 

coexists in a seamless way. By combination of real and virtual worlds, real time interaction and accurate 

3D registration of virtual and real objects, AR is capable of making the user immersed in a virtual world 

with the feel of real world. This paper focuses on the application of augmented reality along with the radio 

frequency identification (RFID), a method for tracking goods by means of tags which transmit a radio 

signal, to create the personalized shopping experiences for shoppers. Even though there are a numerous 

AR and RFID applications exists already, the combination of AR and RFID can make more unique and 

miraculous shopping experiences in the shopper’s world (shopping malls, markets, etc.). RFID technology 

used for uniquely identifying and handling various products in a shopping mall. Each individual product is 

uniquely identified and classified based on its RFID. There is an RFID tag attached to the product that can 

be easily scanned and the related data can be displayed. The augmented reality can be used here to showcase 

those products with complete information along with their various pictures in different shapes, sizes and 

colors in a virtual environment, but with the greater feel of being in real world. 

 

Index Terms - Augmented Reality, RFID sensors, Radio frequency identification, Shopping Experiences 
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I. INTRODUCTION : UNDERSTANDING AUGMENTED REALITY 

 

 

 

Augmented reality (AR) is an enhanced version of the real physical world that is achieved through the use 

of digital visual elements, sound, or other sensory stimuli delivered via technology. It is a growing trend 

among companies involved in mobile computing and business applications in particular. Augmented reality 

(AR) involves overlaying visual, auditory, or other sensory information onto the world in order to enhance 

one's experience. . One of the biggest challenges of online shopping is that it doesn’t lend itself well to a 

full sensory product experience. In a brick-and-mortar environment, you can try on clothes, touch fabrics, 

or see for yourself just how big a couch looks in a room.  

While these things aren’t technically possible in ecommerce, augmented reality (AR) applications offer a 

way to give customers deeper and more complete information about your products — right from their own 

home. 

Retailers and other companies can use augmented reality to promote products or services, launch novel 

marketing campaigns, and collect unique user data. Augmented reality continues to develop and become 

more pervasive among a wide range of applications. Since its conception, marketers and technology firms 

have had to battle the perception that augmented reality is little more than a marketing tool. However, there 

is evidence that consumers are beginning to derive tangible benefits from this functionality and expect it as 

part of their purchasing process. 

 

For example, some early adopters in the retail sector have developed technologies that are designed to 

enhance the consumer shopping experience. By incorporating augmented reality into catalog apps, stores 

let consumers visualize how different products would look like in different environments. For furniture, 

shoppers point the camera at the appropriate room and the product appears in the foreground. 
 

Modern mobile augmented-reality systems use one or more of the following motion tracking technologies: 

digital cameras and/or other optical sensors, accelerometers, GPS, gyroscopes, solid state compasses, radio-

frequency identification (RFID). These technologies offer varying levels of accuracy and precision. 

 

II. RFID – Understand the structure & technology behind in detail 

 

RFID (radio frequency identification) is a form of wireless communication that incorporates the use 

of electromagnetic or electrostatic coupling in the radio frequency portion of the electromagnetic spectrum 

to uniquely identify an object, animal or person. RFID is a wireless technology made up of two main parts: 

tags and readers. The reader is a device which has one or more antennas that send and receive 

electromagnetic signals back from RFID tags. These tags, which store a serial number or cluster of 

information, use radio waves to send their data to nearby readers. RFID belongs to a group of technologies 

called Automatic Identification and Data Capture (AIDC). You can use AIDC tools to identify items, collect 

data about them, and send that data to a computer system with little to no human interaction. 

“Leveraging smart technology, such as RFID, is critical to success in the age of retail transformation.” 1 

         One of benefits of IT technology, which is currently mainly used in logistics and the 

transportation sector, but actually has unlimited application possibilities in every sector of the economy, is 

RFID. The main task of RFID is to provide an easy to use, unambiguous and non-contact way to identify 

an object (goods, living beings etc.). This is achieved by allowing an RFID scanner (scanner, reader) to read 

the ID code and other information of an object from a passive/active RFID tag (transponder, tag, label etc.) 

from a distance. This information has usually been written using a RFID writer (writer, printer). A multi-

frequency radio signal is used as the carrier frequency. Since this technology provides the simultaneous 
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non-contact identification of multiple objects, information-processing performance is increased which in 

turn reduces the number of staff required. RFID tags are rewritable and can contain much more information 

than a barcode. An RFID tag does not require direct visual contact with the scanner. This means that the 

object RFID tag does not have to be in the same orientation in space as the scanner. RFID technology is 

nothing new. Separate applications were used in the 1980-ies. By reducing the manufacturing costs of 

electronic elements and the size of RFID tags, as well as the power output required, an opportunity emerged 

to significantly reduce the costs of RFID tags. This facilitated a rapid growth in the use of RFID in several 

economic sectors – logistics and transportation, trade, healthcare, tourism, security etc2.  

The most significant problems that affect the choice of RFID technology are the selection of a 

frequency bandwidth as well as the determination of a transmission protocol, data format and the amount 

of stored information on the RFID tag. The choice of the above-mentioned parameters is further encumbered 

by fuzzy standards. Another concern is security, because RFID is a contactless technology.  

 

III.  COMPONENT ARCHITECTURE : 

 

The basic components of an RFID system are:

 

 Tag (transponder, tag, label, responder);  

 Scanner (scanner, reader);  

 Antenna (internal, external) (antenna, gate); 

 Writer (writer, printer);  

 Control equipment and software (middleware). 
 

 
 

Tag – a device (passive, semi-passive or active) used to identify a marked object. It consists of an internal 

antenna and a microchip (memory or microprocessor). Its function is based on Faraday’s law. The 

electronic devices are fed current that inducts in the antenna when it resonates with the corresponding 

variable electromagnetic field carrier frequency which is emitted by the scanner. Information exchange 

with the scanner and data formats are determined by protocols. The induced current not only feeds the 

integrated microchip but also, by flowing through the oscillation circuit, which is created by an integrated 

antenna, causes a radio wave transmission that corresponds with the carrier frequency. These radio waves 

transmit the encoded information to the scanner. 

Passive RFID tags do not have their own power source. They use a scanners radio signal and convert it to 

current to process a request. Passive tags are cheaper and more widely used. Passive tags only work within 

the exposure area of a scanner. The reading distance is limited because the scanner has to transmit a signal 

that is strong enough to activate a tags’ microchip and provide enough current to generate a response signal. 

The current reading distance of a passive tag is a few meters but it increases as manufacturing technologies 

are improved.  
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Semi-passive RFID tags use a battery to provide additional current for the microchip. However, energy 

induced by the scanner is still used to accumulate enough current to send a response signal. Semi-passive 

tags can be read from a greater distance than passive tags but their life expectancy is lower due to battery 

life. Semi-passive tags are more fragile and a lot more expensive than passive tags. Active RFID tags use 

a battery to power the microchip and generate a response signal. Therefore, active tags can be read from 

even a hundred meters away. Active tags can communicate with each other and they are often equipped 

with sensors to acquire environmental data, for example, how the temperature of a refrigeration container 

fluctuates over time. They can also be read faster – up to 1000 units per second. Unfortunately, these tags 

are expensive. Good one can cost some tens of Euros.  

 

Scanner – creates an alternating electromagnetic field within a radio frequency range (RF) that 

corresponds with a carrier frequency. This causes electromagnetic induction (EMI) in the built-in 

oscillation circuit (antenna) of a tag. The scanner reads the response signal which contains information 

recorded in the tag. Simple scanners forward raw data to the control equipment but more sophisticated 

readers can clean up the data, for example, filter records that have been created by repeatedly scanning the 

same label. Scanners can have a write function that allows to change a tag’s previously recorded 

information, but only if the tag is writable. Scanners can be portable or stationary. 

 

Antenna – amplifies the signal corresponding to the carrier frequency or is used to power the tag with 

induced current. A tag has a built-in antenna. Scanners can have internal or external antennas which 

improve scanning range and can point scanning in the direction necessary for the user. The ability to 

concentrate the electromagnetic field radiation in a specific direction to create a sufficiently narrow beam 

is important. This is easy over small distances like a couple of centimeters but becomes increasingly 

difficult if the scanning range increases some meters. RFID protocols establish requirements for 

information exchange algorithms between a RFID scanner and a tag. In some cases, they describe 

information storage formats. RFID is characterized by a wide range of recommendations (standards)  3 : 

ISO 11784 & 11785, ISO 10536, ISO 14443, ISO 15693, and ISO 18000 4 etc. Unfortunately, there are 

still no complete recommendations on the selection of tags, scanners and antennas from different 

manufacturers. Furthermore, there are no constructive solutions for the tagging of specific types of goods, 

scanning distance and speed. Adequate solutions must still be found through experimentation. To choose 

a RFID technology, the following parameters should be determined: 

 

To choose a RFID technology, the following parameters should be determined:  

 

 Carrier frequency – LF, HF, UHF or MW (region specific);  

 Protocol – a set of protocols determining the exchange of algorithms and data storage formats;  

 Tag type – active, semi-active or passive;  

 Tag size and material – must correspond to the specifics of the identifiable object and operating   
environment;  

 Data modification possibilities – repeatedly writable tags (Class 0) or WORM tags (Class 1);  

 Data protection against unauthorized access - active tags have better information coding options;  

 Amount of data – passive tags up to 64KB or more, active – 8MB or more; 6 Egils Ginters and 
Jorge Martin-Gutierrez / Procedia Computer Science 26 ( 2013 ) 3 – 13  

 Scanning distance – some meters for passive tags. Active tags up to hundred meters or more, 
depending on the frequency range;  

 Security of item identification – a barcode is often printed on RFID sticker type tags to ensure the 
compatibility of both identification systems and provide information processing reservation;  

 Scanning sequence – sequential (tags are read from a queue) or simultaneous (multiple tags at the 

same time);  

 Expenses – price per tag. Expenses for other equipment are commensurable;  

 Immunity to interference – an active tag has a stronger signal so it is less prone to interference;  

 Operating time – unlimited for passive tags. For active tags, this depends on battery life (about 3 – 

5 years). 
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1V.    SYSTEM DESCRIPTION          
 

 Architecture Overview  

 
 

Fig. 1. System Overview. 

 

System overview is shown in Figure 1. We divide the system into two main parts i.e. physical space that 

can also be called offline space, and AR interfaces that can be referred to as online world. In the physical 

world we have items equipped with RFID. The RFID system contains antennas connected through a 

multiplexer to the reader. The reader is then connected to the host controlling the RFID system. It 

inventories all the items present on the shelf and makes this shelf a smart space. In the smart space we 

have the information about the items present with their precise location. All the information about the 

items are then passed to the server through the RFID host. The second part referred to as online part that 

captures the user interaction. User interactions are being converted to the physical coordinates with the 

help of AR application. After processing, these coordinates are passed to the server. AR application 

translates digital world coordinates obtained through user interaction to physical world coordinates. Both 

online world and offline world are interconnected through cloud server and constantly being 

synchronized. The physical environment, constituted by the shelf and the items and the database 

including all the digital information about the physical objects constitutes the virtual environment. The 

RFID system supplies information about the physical environment to the virtual environment. The user 

then queries this virtual environment by interacting with the physical environment through the AR 

system. The result is a synthesis of real live image of the shelf, with digital content from the databases. 

 

V.  SYSTEM WORK FLOW AND ARCHITECTURE 

 

From the core architecture point of view the whole system is divided into three basic layers. The whole 

process is explained in Figure 3. The first layer is for the user interaction on the handheld devices, a 

friendly user interface is designed in which user is able to aim the handheld camera at the smart shelf 

with live video running on it and tap the specific area of interest. The user area of interest location is 

passedto the Metaio SDK which then maps the location to smart space. Next, the location segmentation 

of the particular area of interest is performed. Once we get the specific segment, this information is passed 

for inferencing inside the middle ware. During the dynamic inferencing process, the contextualization of 

the item is performed and then the output is passed to the third and last layer that is the output layer. In 

the output layer an interactive AR interface allows user to view the particular information in real time 

and browse items. 
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Fig. 2. System Architecture. 

 

 

The system is designed in such a way that all the use cases are available to the user in a single interface. 

User can search, browse or tap at particular point from the same interface. System work flow is shown 

in Figure 4. Once the user clicks at any the particular point on the screen of handheld device, the pixels 

of the user tapped position are retrieved and passed to Augmented Reality SDK in order to get X, Y and 

Z axis in 3D space i.e. shelf with respect to AR marker, then axis are translated with respect to the shelf 

origin. Once the exact location of user tapped point is translated to the corresponding point on the 

physical shelf, the items information at that location on the shelf are retrieved. After getting the relative 

item information, an AR interface is constructed for the items. Usually the item is shown in the form of 

cover flow images. Behind the scenes the RFID system is continuously inventorying and updating the 

locations of the items on the shelf. Similarly the browsing in horizontal and vertical direction, along with 

the search option is passed directly to the coordinate calculation module as shown below 
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Fig. 3. System Workflow. 

 

VI.   CONCLUSION AND FUTURE WORKS 

 

Brick and mortar retail is losing business because of online retailing. Online shopping provides more user 

satisfaction and increased options to customers. The system proposed in the paper discuss bringing online 

shopping options to offline retail by enabling IoT phenomena. Shoppers can browse the shelves same as 

online browsing getting same comprehensive or comparative information about products. The system 

proves to be a nexus between traditional and online commerce. The system will allows users to publish 

content about the physical products on their favorite social networks. System has shown an accuracy of 

more than 99% in detecting and showing all the products on the smart phone screen correctly at the right 

location. All these products are envisioned to be connected to online information i.e. comments, ratings, 

related produces and social networks. The proposed system will help retailers provide better service and 

will let consumers make more informed choices about what they buy. In the future works, we plan to have 

a detailed evaluation of the system with the frequent online shoppers and brick and mortar retailers. For 

this purpose we are in a process of deploying the system at areal physical store. 
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