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Abstract 
While shopping in a retail store today the customers are often interacting with multiple sale 

channels when making a purchase. These channels can include in-store terminals, the 

customers’ smartphone etc. This thesis looks at how physical mobile interaction can be 

implemented to enhance the experience when using different channels for a purchase. 

Physical mobile interaction is a way for a user to interact with real world objects using a mobile 

device. This thesis examines how some of these techniques can be used in a retail store using 

the customers’ own smartphone device. 

With todays smartphone market with several different operating systems available it is 

important to find find an implementation which suits the majority of the users. This paper 

details which technologies that are available to implement the physical mobile interaction on 

the major smartphone platforms. It also discusses important design decisions for it to work on 

these platforms. 

The paper concludes that it is possible to implement these techniques on todays major 

smartphone platforms. It also concludes that the best technology can not always be used 

because of limitations on one or more platforms.
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1 INTRODUCTION 

In the world of e-commerce the expression omni-channel retailing has become increasingly 

popular in recent years. When IDC Retail Insights published their top 10 predictions in retail for 

2014 (IDC Retail Insights, 2013) their number one prediction was: 

“In 2014, fast-followers will chase the 50 global retailers already transforming 

store, mobile, and ecommerce channels, supply chains, merchandising, and 

marketing for the omni-channel customer experience” 

Omni-channel retailing can be seen as the next step of multichannel retailing which is about 

enabling the customer to use multiple channels during their shopping experience. Such 

channels includes physical stores, online stores, mobile applications, telephone sales etc. While 

multi-channel is about the infrastructure, logistics etc. omni-channel is about the customer. In 

an omni-channel solution the customer is the main focus along with a seamless integration 

between the channels. For example a customer should be able to start their purchase in one 

channel and complete it in another. 

Along with smartphones becoming increasingly popular in recent years it is also becoming an 

increasingly important tool for customers while shopping. For example a study from Google 

identified up to 79% of all smartphone owners as “smartphone shoppers” who uses their 

smartphone in some way to help with their shopping (Google, M/A/R/C Research, 2013). Many 

smartphones today are equipped with cameras and contactless communication technologies 

such as Near Field Communication (NFC) and Bluetooth. This thesis will look at how to take 

advantage of these technologies in a retail environment to allow the customer more seamlessly 

move between the different sale channels.  

1.1 PURPOSE AND AIM 
The shopping cart is an essential part of the shopping experience. In an omni-channel retailing 

environment the electronic shopping cart need to be available to the customer in all channels. 

Regardless of whether the customer finds a product in the online store, via a mobile 

application, an in-store terminal, or a physical store he should be able to add it to his unified 

shopping cart in a quick and easy way. 

The customer also needs to be able to view and manage his shopping cart and wish list across 

these channels. In addition, the customer could get contextual information based on which 

channel is used, for example stock level for the current store he is located in. This has the dual 

advantage of simplifying the omni-channel shopping experience for the customer, and 

decreasing the risk of a dropped sale from the business owner’s point of view.  
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The aim of this thesis work was to see how this could be achieved using the physical mobile 

interaction techniques touching, pointing, and scanning implemented using technologies such 

as barcodes and NFC. 

The result of this thesis will be a smartphone application which a customer can download to his 

device and use as another sale channel. This application will also be the primary tool to interact 

with other channels using physical mobile interaction techniques. 

1.2  PROBLEM FORMULATION 
 How can physical mobile interaction techniques be implemented to allow a user to 

easily interact with physical objects, terminals etc. in a retail store using a smartphone? 

 How should these technologies be implemented to support the major smartphone 

platforms? 

1.3 SCOPE AND LIMITATIONS 
This thesis work has a focus on the flow of interaction between devices and due to the time 

limit on 20 weeks the scope of the project has to be limited. Those limitations include: 

 Platforms 

While the solution design will target all the three major platforms (Ios, Android, and 

Windows Phone, see section 2.2), the prototype application will only be developed for 

Iphones running Ios 7 or later.  

 Sale channels 

As mentioned an omni-channel solution consist of many sale channels, but in this thesis 

will primarily focus on the channels available to the customer inside a physical store. 

 Smartphone application features 

The primary goal of the smartphone application is to show how it can be used to 

interact and move between sale channels, therefor features such as browsing products 

and checkout will not be implemented in the prototype. 

1.4 METHOD 
This thesis has been carried out in five steps, which is also the basis for the outline of the 

report. These steps are based on the concept of experimental software engineering. 

Basili (1993) describes this as the adaptation of scientific experimentation for software 

engineering. This is where you observe the world, existing solutions etc. to come up with a 

better solution which is then implemented and evaluated. This process is then repeated until 

there is no better solution. 
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1. Theory study 

Firstly a theory study on relevant areas is conducted. The purpose of this step is to 

explore which technologies are available and how these can be used in the solution.  

2. Solution design 

From the theory study a solution design is made which explains how the problem should 

be solved using the technologies from the theory study. 

3. Development 

When the solution design is done a prototype of the application is developed in two 

iterations. Having two iterations will give some room to improve the application based 

on the result of the first iteration. 

4. Evaluation 

When the prototype application has been completed it will need to be evaluated to see 

if it works as expected and how good it solves the problems specified in the problem 

formulation. This evaluation will be based on observations during development when 

using the completed prototype. 

5. Discussion and future work 

Based on the result of the evaluation a discussion of the result is made with possible 

suggestions of alternative solutions and improvements. Possible future work based on 

the result of this thesis is also suggested. 

In this thesis the available technologies and techniques were examined to find a solution of 

how those could be used. This solution was then used to develop a prototype application which 

was later evaluated. However there was not time to do more than one cycle. 

1.5 ATELES CONSULTING AB 
The thesis work was done at Ateles Consulting AB in Linköping. Ateles is a consulting company 

focused on delivering and maintaining customized e-commerce solutions. They are working 

with both business-to-business and business-to-consumer e-commerce.  
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2 THEORY 

The purpose of the pre-study was to identify and evaluate the technologies which were used to 

solve the described problem. The result of the pre-study determined the direction of the 

application implementation. The first part was to identify the available technologies for 

interacting with both physical products and different computer systems. The main literature 

study of this thesis was to examine the different technologies with regards to this specific 

problem description. 

2.1 OMNI-CHANNEL 
Multichannel is the use of multiple channels to reach and engage a customer, such as 

e-commerce, brick-and-mortar stores but also communication channels such as newsletters 

and customer support channels. Omni-channel can be seen as an evolution of multichannel, 

and is a strategy to give the user a seamless user experience across all channels available to him 

and convey a consistent brand experience (Webcredible, 2012). Another report also mentions a 

very similar concept, hybrid shopping for which it says “[…] consumers have multiple channels 

from which to shop, they may traverse channels on the way to a single transaction” (Kalyanam 

& Tsay, 2013). 

To be able to improve the experience of moving between different channels it is important to 

understand which channels are used and how the customer uses them. This thesis will use five 

different channels, the online e-commerce site, in-store terminals, employee tablets, physical 

products, and finally the new smartphone application. 

 
Figure 1: The existing systems which this thesis work will use (own illustration). 

The current systems which Ateles has is illustrated in Figure 1. All the three applications 

consists of a PHP backend which provides a HTML frontend to the user of the system in a 

browser. Here is a difference to the new prototype application, as that is a native application 
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and not running in a web browser. At the start of this thesis these system was not connected in 

any way with each other. 

2.1.1 E-commerce website 
This is a channel which the customers can access from anywhere using just a web browser, and 

is the classic e-commerce channel. This thesis focuses on the experience while in a physical 

store, but this channel is still of interest as customers can use the website for example to get 

further product information while in a physical store. 

The existing e-commerce website which will be used in this thesis is based on Magento1  which 

is an open source platform built with PHP. 

2.1.2 The Smartphone 
While shopping, a smartphone can be used in several ways. One obvious way is to use the 

stores own website or app to find more information about products. One study suggests one 

out of three shoppers use smartphones to find information rather than finding an employee to 

ask (Google, M/A/R/C Research, 2013). And time saving is something which 51% cites as the 

reason for using mobile phones while shopping according to the same study.  

Google and M/A/R/C Research (2013) also found that many in-store consumers is using the 

smartphone to find information about stores (opening hours, location, etc.) as well as 

promotions. The same study also mentions that 82% of shoppers actually uses a search engine 

as the entry point for finding information rather than going directly to the stores app or 

website. 

2.1.3 Virtual stores 
Virtual stores is another name of in-store terminals which a customer can use to browse and 

purchase product on while in a physical store. Some of the common reasons why a customer 

would use a virtual store are to browse a wider selection products than what is available in the 

physical store and to access larger amounts of information about products (Belanger, Barkhi, & 

Hicks, 2008). The virtual stores has obvious overlaps with the use of smartphone devices, but is 

available to all customers even if they do not own a smartphone or there is limited connectivity 

available at the store location. 

A virtual store could also potentially offer the customer to make a purchase and collect the 

products directly in the store. This can be an incentive to use a virtual store as one-third of the 

customers not shopping online say they are worried the wares will not be delivered (Belanger, 

Barkhi, & Hicks, 2008). 

                                                      
1 Magento website: http://www.magento.com  

http://www.magento.com/
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The current virtual store software which will be used for this thesis work is custom built 

solution by Ateles which is based on the open source platform Pimcore2. 

2.1.4 Employee tablets 
The employee tablets used for this thesis work was developed as a parallel thesis work by 

another student. Those tablets reminds of the virtual stores, but targeted at the employees. 

They are also running a system based on a Pimcore. The purpose of these tablets is to provide 

the employees with additional product information, such as stock levels, similar products and 

sale support. These could also be used to help employees give personal recommendations for a 

specific customer if they have access to their cart, wish list etc.  

2.1.5 Physical products 
Physical products is also a channel which customers can use during their shopping. Examining 

and testing the product is still important to many customers. While the physical products offer 

unique possibilities, such as trying out an item of clothing, they can’t provide additional 

information such as alternative colors, similar products etc. 

2.2 SMARTPHONE PLATFORMS 
As this thesis will result in a smartphone application it is important to take a look at the existing 

smartphone platforms. As this is a prototype, not ready for the market in some time, it is more 

interesting to examine the current sales rather than the installed base of users for each 

platform, as that will give an insight of where the market is going in the future.  

Looking at sales for three months ending in January 2014 from Kantar Worldpanel (2014) 

Android takes the biggest share with 68.5% of the sales, followed by Ios at 19%. It is also 

possible to see that Windows Phone is the fastest growing, while Blackberries market share has 

fallen to just 1.5%. This gives the indication that Android, Ios, and Windows Phone is the 

platforms to consider at least in the near future.  

Operating system Share of sales % pt. change from 2013 

Android 68.5% 3.4 
Blackberry 1.5% -1.9 

Ios 19.0% -3.9 
Windows Phone 10.1% 3.9 

Other 0.9% -1.5 
Table 1: Share of sales for smartphone platforms during 3 months, ending January 2014. Data is for the UK, Germany, France, 

Italy and Spain. Based on (Kantar Worldpanel, 2014). 

But market share is not everything. There are strong indications that Ios users generate more 

money than Android user, for example an article in Forbes saying “When it comes to real world 

usage data, Apple has an overwhelming share of smartphone and tablet app sales, Web 

                                                      
2 Pimcore website: http://www.pimcore.org  

http://www.pimcore.org/
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browser use, and ad network hits. Apple leads Android in enterprise adoption, and in retail 

shopping use by consumers.” (Bradley, 2013). Especially that Apple leads in retail shopping is 

very interesting as this thesis focuses on the retail industry. 

2.2.1 Android 
Android is an open source operating system with version 1.0 released by Google in 2008. The 

latest version (as of May 2014) is Android 4.4, also known as Android KitKat (Google, 2014). The 

operating system is based on Linux. Development for the Android platform is often done in Java 

using the Android Development Tools for Eclipse3, but C/C++ is also supported. 

2.2.2 Ios 
Apple released the first Iphone running Ios in 2007. The officially supported development 

environment for Ios is Xcode, which is only available for computers running Mac OS X. 

Applications is preferably developed in Objective-c, but it is also possible to use C and C++ code 

(Apple Inc., 2014). The latest version of Ios is currently 7.1.1 (as of May 2014). 

2.2.3 Windows Phone 
In 2010 Microsoft released the first version of Windows Phone, called Windows Phone 7. This 

was followed up in Windows Phone 8 in 2012. The latest version, Windows Phone 8.1, 

scheduled to be released to the public in 2014 but was released to developers in April 2014 

(Microsoft Corp., 2014). For development of applications for Windows Phone Visual Studio is 

recommended and it is possible to use either C#, VB.Net or C++. 

2.3 PHYSICAL MOBILE INTERACTION TECHNIQUES 
This thesis will work with something referred to as physical mobile interactions, which is a set of 

interaction styles identified by Enrico Rukzio to allow a user to interact with real world objects 

using a mobile device (Rukzio, 2007).  

Figure 2 illustrates the physical mobile interaction with devices relevant for this thesis. As seen 

the customer interacts with his smartphone, this is human-computer interaction. The 

smartphone then communicates with the real world objects using machine-to-machine 

interaction (see section 2.4). This interaction is not limited to physical object, but can also be 

persons or locations for example. Rukzio (2007) uses the term “smart objects” to refer to the 

things which the user can interact with. The smartphone can also connect to a mobile service to 

get further information related to the smart objects, or for the context of the smart objects. 

                                                      
3 Eclipse IDE website: http://www.eclipse.org/  

http://www.eclipse.org/
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Figure 2: Interaction between the user and physical objects via a smartphone (own illustration based on (Rukzio, 2007, p. 10)).  

Out of all the interaction techniques which Rukzio (2007) looks at, the ones which are relevant 

to scenario of this thesis work is touching, pointing, and scanning which are described in the 

next sections. 

2.3.1 Touching 
Touching is the physical mobile interaction style where the user touches the real world object 

with his mobile device (or at least brings it into very close proximity). Because this interaction is 

similar to everyday interactions Rukzio (2007) states that this technique is natural for the user. 

This method on the other hand does not by default give an indication to the user that he can 

interact with the object, which means the user must know he can interact with it. Surveys of 

users also showed that touching, mainly due to the short distance, was conceived as the most 

secure method by the users and also least error prone (Rukzio, 2007). 

This interaction technique is often implemented using short range radio technologies such as 

NFC or short-range RFID, which both requires the device and the object to be close to each 

other. These implementations requires that the object has a NFC/RFID sender and the mobile 

device has a reader. 

When using this technique it is not always obvious for a user what he can interact with, and for 

example in the case of NFC it requires the user to touch with the correct spot of his phone. 

2.3.2 Pointing 
As the name suggest pointing is when the user points his device at the object to interact with it. 

Pointing at objects is also an intuitive interaction, and can be compared to pointing at objects 

using our fingers to identify them for other persons. 
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Rukzio (2007) mentions visual markers, image recognition, and light beam as possible ways to 

implement this interaction technique. This thesis will focus on visual markers which only 

requires that the user’s device has a camera, which most smartphones on the market today are 

equipped with. The visual markers also have the advantage of indicating that the user can 

interact with the object, which might not be clear when using image recognition for example. 

As Rukzio (2007) also states image recognition would require a data model representing the 

object and require heavy image processing to give reliable results. 

In contrast to touching this technique allows the user to be at a further distance from the 

object. The maximum distance is dependent on the implementation, but in the case of visual 

markers the resolution of the camera in the device and the size of the visual marker decides the 

maximum distance. 

The visual marker itself can also give the user an indication that it can be used to interact with, 

for example many people will probably recognize that a barcode can be scanned from previous 

experiences. It also helps guide the user on where to interact with their device. But the visual 

marker can also be obtrusive, as some people might not find for example barcodes and 

QR-codes visually pleasing and take up extra space on the item (Rukzio, 2007). 

2.3.3 Scanning 
This is a technique where the user’s device scans the close proximity for objects to interact 

with, either automatically in the background or at the request of the user. This allows for easier 

discovery of smart objects as the user do not need to find the smart objects himself (Rukzio, 

2007). In his study Rukzio (2007) found that scanning was the most time consuming technique 

(according to users), but this can probably depend on the scenario in which the technique is 

used and how it is implemented.  

For this thesis this technique will be implemented using Bluetooth technology. Rukzio (2007) 

mentions Bluetooth as a good candidate for this technique, but also states that it has the 

disadvantage of requiring pairing and sometimes password exchange. By using for example 

Apples Ibeacon protocol for Bluetooth 4.0 LE (Low Energy) devices can actually broadcast and 

scan for data using Bluetooth without pairing with each other first (Apple Inc., 2014). This 

eliminates the largest disadvantage of using Bluetooth for this technique. 

Alternative ways to implement this technique is to scan for a location using GPS or detect 

nearby Wi-Fi networks to determine which services are available. 

2.4 CONTACTLESS COMMUNICATION TECHNOLOGIES 
To allow the smart objects to interact with the mobile device they must be able to 

communicate. This is done using machine-to-machine interaction. The technologies this thesis 

will focus on are NFC, linear barcodes, quick response codes (QR-codes), and Bluetooth in the 

form of Ibeacon. Those technologies all fulfills the following: 
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 Availability 

The technology should be compatible with a significant amount of the smartphones 

currently available on the market. This is to have a large customer base right from the 

start and therefore hopefully a faster adoption rate of the system. 

 No pairing 

A user should be able to interact without pairing the devices, as this requires additional 

time and knowledge of the user which hinders a seamless and fluid experience and 

might reduce usage. 

2.4.1 Linear barcodes 
Linear barcodes is a visual representation of data with the purpose of being easily machine-

readable. The retail industry started using barcodes several years ago, with the first barcode 

scanned in a retail environment in 1974 at a supermarket in Troy, Ohio (Fox, 2011). 

 

Figure 3: Two different linear barcodes. To the left is an EAN-13 standard barcode and to the right an UPC-A standard barcode. 

As the name indicates, linear barcodes stores data in just one dimension. The data in the 

barcode is encoded by vertical lines with spaces in-between them. It’s the width of the lines 

and the distance between them which defines the data. Several standards exists on how to 

encode and decode data in this way which results in different looking barcodes depending on 

which of these formats is used. One of these formats is EAN, International Article Number 

(previously European Article Number) and is capable of storing up to 13 digits in a single 

barcode (EAN-13). The EAN code format is built upon UPC, Universal Product Code which is 

another barcode standard able to represent 12 digits in a barcode (UPC-A). Both an EAN-13 and 

an UPC-A barcode are shown in Figure 3. 

An advantage of EAN and UPC barcodes is that they are widely used to identify products, with 

most retail stores already using them. Also most people will probably recognize that a barcode 

can be scanned. The barcodes can be read using the camera present on most smartphones 

currently sold. 

A downside of using linear barcodes is the very limited amount of data. As seen for example 

EAN stores a maximum of 13 digits. This means they are should be used as identification which 

a mobile device can use to get further information from a mobile service, which means the 

application used to scan the barcode needs to know of the specific mobile service to be used. 

Another downside of barcodes is that the stored data is static which means that if a barcode is 

printed a new one needs to be printed if the data needs to be changed. 
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2.4.1.1.1 GTIN 

While anyone can generate an EAN/UPC barcode for any number, there is a non-profit 

organization called GS14 which manages and sells Global Trade Item Numbers (GTIN). One of 

the main goals with GTIN is to allow any retail point of sale to identify products. The GTIN 

consists of up to 14 digits, are hence is called GTIN14. The GTIN is often used as the number on 

barcodes, but because UPC-A only has 12 digits at most it uses GTIN12 and EAN-13 uses 

GTIN13. The conversion to GTIN14 from GTIN12 and GTIN13 is easy, leading zeroes are simply 

added until the number has 14 digits instead of 12 and 13 respectively. 

2.4.2 Quick Response Codes 
Quick Response Codes (QR-Codes) is another type of barcodes, a so called matrix barcode. 

Compared to a linear barcode which just stores the data in one dimension (horizontally) while a 

matrix barcode stores data in two dimensions (horizontally and vertically), which can be seen in 

Figure 4 below. This standard was released by the company Denso Wave in 1994 with focus 

making them fast to scan (Denso Wave Incorporated, u.d.). The QR code has since been more 

accepted, and in 2000 it was accepted as an ISO standard and 11 years later, in 2011, it was also 

accepted as a standard for mobile phones by the organization GS1 for business to consumer 

(B2C) packaging with GTIN (Denso Wave Incorporated, u.d.). 

 

Figure 4: A QR-code with the data "http://www.johanfalk.eu". 

2.4.2.1 Platform compatibility 

As most smartphones today are equipped with a camera most devices is capable of scanning 

QR-codes. Still it requires a scanner software to be installed. All Windows Phones and many 

Android devices ships with a pre-installed QR-code scanner, while Iphones does not. If a QR-

code reader is not pre-installed on the device, the user has to download a third-party scanner 

application, giving an extra step for the user. 

2.4.2.2 Data storage 

A QR-code symbol are made up of several modules, a module is a single white or black dot in 

the QR-code. These dots is what represents the data, with a white dot meaning a binary zero 

and a black dot a binary one. 

                                                      
4 GS1 global website: http://www.gs1.org/. 
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The number of modules on the width and height determines the so called version of the QR-

code symbol, of which there are 40 different. Each higher version adds another four modules to 

the width and height. The smallest which is version 1 has 21x21 modules while the largest 

version (version 40) has 177x177 modules (Denso Wave Incorporated, u.d.).  

The QR-code symbol also supports four levels of error correction (named L, M, Q, and H) using 

the Reed-Solomon code method,  giving approximately 7%, 15%, 25%, and 30% error correction 

respectively (Denso Wave Incorporated, u.d.). As suspected the level of error correctness will 

affect the amount of data which can be stored, the better error correction the less data can be 

stored in the QR-code symbol. 

When storing data in a QR-code it is possible to use the following four different character-

encodings (Denso Wave Incorporated, u.d.): 

 Numeric: Only digits 0-9. 

 Alphanumeric: Digits 0-9 and uppercase alphabet A-Z, blank space, and eight symbols 

such as “$” and “/”. 

 Bytes: Binary bytes each consisting of 8 bits. 

 Kana: A character set for using Japanese Kanji characters in the QR-code symbol. 

Both the encoding and error correction level determine how much data can be stored for each 

version of QR-code symbols. To illustrate the difference Figure 5 below shows two QR-code 

symbols with the same URL. The difference is that the left one is in uppercase, allowing it to use 

alphanumeric encoding, while the right once requires byte-encoding which requires more bits 

per character. Additionally the right one uses a higher level of error correction further 

increasing the number of bits (and hence modules) required to store the data.  

Less bits also means that a lower level is required, implying that the QR-code will be smaller, 

which can be beneficial when the space is limited or a less intrusive QR-code symbol is needed. 

Although note that ‘?’ is not a valid character for alphanumeric encoding so it cannot be used 

for URL’s with for example query string parameters. 
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Figure 5: Comparison of QR-Code size with alphanumeric encoding with error correction L (left) and byte encoding with error 
correction H (right). 

The maximum amount of data a QR-code can store using the highest level (40) and lowest error 

correction (L) can be found in Table 2 below. 

Numeric characters Alphanumeric 
characters 

8-bit bytes Kanji characters 

7089 4296 2953 1817 
Table 2: Maximum number of characters which can be stored in a level 40 QR-code symbol with error correction L. Based on 
(Denso Wave Incorporated, u.d.). 

2.4.2.3 Contextual QR-codes 

A contextual QR-code is described as a QR-code which provides different data depending on 

the context in which it is used (Rouillard, 2008). One example mentioned is a scanner 

application which reads a URL from a QR-code but also dynamically appends user data as 

parameters. This allows the web service to give personalized results. These user data can 

include user credentials, geographical position etc. 

Rouillard (2008) refers to the QR-code itself as the public part of the contextual QR-code and 

the computed part as the private part. The private part can either be computed on the device 

itself or retrieved from a web service. This method allows otherwise static QR-codes to deliver 

dynamic experiences and larger amounts of data than what is possible to store in a single 

QR-code (Rouillard, 2008). 

2.4.2.4 Alternative matrix barcode standards 

As mentioned previously QR-codes are matrix barcodes (sometimes also referred to as 2D-

barcodes). As with linear barcodes, there exists several kinds of matrix barcode formats. While 

many of the barcodes are primarily aimed at industrial use, some others (beside QR-codes) 

have been used in the consumer space. 
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The High Capacity Color Barcode (HCCB) by Microsoft is a matrix barcode that constitute one 

example of this, which is extra interesting because it takes a different approach to data storage. 

The data in HCCB is stored using triangles in four or eight different colors. The use of triangles 

and colors instead of squares in black and white allows the barcode to store more data in a 

code with small width and height (Microsoft Research, 2014). Compared to QR-codes which 

usually store the data, a HCCB stores an identifier. When the tag is scanned the device gets the 

content of the code from an internet service. This allows the codes to change data dynamically 

as well as getting contextual information, such as a unique device identifier and its geographical 

location. A drawback of this technology, however, is that it is a closed source solution and the 

developers must rely on a third-party lookup server. 

2.4.3 Near Field Communication 
A touch interaction technique is Near Field Communication (NFC) which is a short-range 

wireless connectivity technology in the form of a set of standards (NFC Forum, 2014). The 

specifications of the technology are managed by the non-profit industry association NFC Forum. 

NFC has its roots in another wireless technology, Radio Frequency Identification (RFID), which 

uses radio-frequency electromagnetic fields to transfer data. One of the main purposes of RFID 

is to identify tags attached to objects, those tags can be powered using electromagnetic 

induction, which means that they do not need their own power source. 

 

Figure 6: A smartphone reading a passive NFC tag (own illustration). 
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The reason RFID is interesting is because NFC is built upon the RFID technology. It uses the 

same frequency as high-frequency RFID which is the 13.56MHz. This together with often 

compact antennas gives NFC a range of up to 20cm, but usually around 4cm. At a first glance 

this might seem like a disadvantage, but is often stated as one of the advantages with NFC. This 

is definitely an advantage for this thesis project, because in a crowded area with many devices 

it is easy to correlate the received signal with a specific device. 

The supported data rates of NFC is 106kbit/s, 216kbit/s, and 412kbit/s (NFC Forum, u.d.). Like 

RFID, NFC is also able to power passive tags using electromagnetic induction.  

2.4.3.1 Device modes 

NFC Forum specifies three different modes in which a NFC device can work (NFC Forum, 2014): 

- Card emulation mode 

In card emulation the device emulates a smart-card which is then read by a reader. This 

is primarily used for safe transactions such as purchases and tickets. 

- Peer-to-peer mode 

Two devices can also send data in two directions in peer-to-peer mode. The data rate is 

as mentioned earlier quite low compared to other techniques. This is often used to pair 

Bluetooth devices or share small amounts of data such as personal contact information.  

- Reader/Writer mode 

This mode is used to read information stored on NFC tags. 

Out of those mode it is only peer-to-peer mode and reader/writer mode which are relevant for 

this thesis. This is because card-emulation traditionally requires a secure element which is not 

accessible by third-party apps in the Android APIs (Google, u.d.). In Android 4.4 Google enabled 

host-card emulation which enables this through software, but considering that only 1.8% (as of 

February 14, 2014) of Android devices are running Android 4.4 the technology can hardly be 

seen as widely available (Google, 2014). 

2.4.3.2 Tags 

A NFC tag is an electronic chip capable of storing a small amount of data. The tag requires no 

power to keep the data stored. When the data is read the reader powers the chip using 

electromagnetic induction. There are four different types of chips, which all have different 

properties. Table 3 below shows the differences between those different types. The storage 

size of Type 3 and Type 4 varies depending on the hardware, on those data are stored in 

“services” and can be seen as a file. Type 4 also supports features such as data encryption (NFC 

Forum, u.d.). 
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 Type 1 Type 2 Type 3 Type 4 

Storage 
(user data) 

96 bytes 48 bytes or 
144 bytes 

Varies, up to 
1MB per service 

Varies, up to 
32KB per service 

Communication 
speed 

106kbit/s 106kbit/s 212kbit/s or 
424kbit/s 

Up to 424kbit/s 

Supports 
read-only lock 

Yes, can be 
locked by user 

Yes, can be 
locked by user 

Yes, but locked 
at manufacturer 

Yes, but locked 
at manufacturer 

Table 3: Comparison of NFC tag types. Based on specifications at (NFC Forum, u.d.). 

2.4.3.3 NFC Data Exchange Format 

A common way for NFC devices to exchange information is to use the standardized NFC Data 

Exchange Format (NDEF), which is also maintained by the NFC Forum industry association. This 

format sends data in the form of so called NDEF messages. These messages can then either be 

written to a NFC tag (and later read by an NFC reader) or sent to another NFC device in peer-to-

peer mode. 

 

Figure 7: Structure of a NDEF message (own illustration based on the specifications). 

As seen in Figure 7 a single NDEF message consists of one or more NDEF records. NDEF records 

themselves consists of a header and payload data. The payload data is the actual content of the 

record, such as a website address. The header of the record holds information about the 

record, such as the size of the payload, if the data is split over several records, and also the type 

of record. Some of the available types available to use in the header are empty, 

well-known-type, media-type, and absolute URI (NFC Forum, u.d.). 

Most interesting for this thesis is the well-known-type field which specifies that the record 

follows one of the Record Type Definitions (RTD) specified by the NFC forum. Here is a short 

description of the RTDs currently available for use (NFC Forum, u.d.): 

NFC Text RTD: Stores plain text (UTF8 encoded). The record also specifies the language of the 

texts. This record is often used as description of other records. 

NDEF Message 

NDEF Record 1 NDEF Record 2 NDEF Record n 
… 

Header Payload data 
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NFC URI RTD: Stores a Uniform Resource Identifier (URI), such as a website address. The record 

specifies the protocol (e.g. http://, ftp://, mailto: etc.) in the header, reducing the number of 

bytes needed for the URI. 

NFC Smart Poster RTD: The smart poster is a type which is used to attach metadata to URIs. 

This record type has NDEF records as its payloads. It is required to contain exactly one URI RTD, 

but optionally contain text RTDs for titles in different languages, an icon record, and a record 

specifying a recommended action (for example open the URI, or save it as a bookmark for later 

use). It can also contain records about the type and size of an external object which the URI 

might reference. 

NFC Signature RTD: A record type used for signing other NDEF records in the same message. 

The signature record only signs the records preceding it in the message. 

2.4.3.4 Platform compatibility 

The NFC technology is supported on most smartphone platforms (including Android, Windows 

Phone). Worth noting is that Apples Ios operating system does not support the technology, and 

there is no official word that they are working on it for future versions either. NFC also requires 

specific hardware in the smartphones to work, which is not always present even if the 

operating system supports NFC. Both Android and Windows Phone supports reading basic NDEF 

messages, such as opening a URI. 

Both Android and Windows Phone also have their own NDEF record types which are interesting 

for this thesis: 

Android Application Record (AAR): This record stores the unique package name for an Android 

application. If an AAR is detected by the Android operating system it will try to launch the 

specified app if it is installed on the device or otherwise show the application in the application 

store. This record type works on devices running Android 4.0 or later (Google, u.d.). It does not 

support parameters to be passed, but this can be worked around using another record with a 

URI containing the parameters which the application has registered for. If the tag contains both 

a URI record and an AAR the application specified in the AAR will be started by the OS 

regardless if there are more apps registered for the URI. An example of this record is found in 

Figure 14. 

Windows AppLaunch Record: This is a record which can be used to launch both Windows 

Phone and Windows 8 applications. The record contains the parameters to be passed to the 

application followed by a platform identifier and lastly the applications unique ID. The record 

can contain the ID of both a Windows Phone and a Windows 8 application at the same time. 

The values are separated by the tab character “\t”. An example of this record type can also be 

found in Figure 14. 
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2.4.4 Ibeacon 
Ibeacon is a technology by Apple which allows the users smartphone device to detect when a 

user enters or exits a specific region. This is done using Bluetooth Low Energy (BLE) technology 

where a device broadcasts a specific BLE payload, this device is referred to as a beacon. The 

advertised data can then be detected by other BLE devices, in this case the user’s smartphone.  

 

Figure 8: Illustration of Ibeacon proximities (own illustration). 

Using the signal strength it is possible for the receiving device to estimate how far from the 

beacon it is, giving a sense of proximity. On Ios 7 the API specifies 3 different proximities 

immediate, near, and far proximity, see Figure 8. When the proximity can not be detected it is 

notified as unknown. Because the signal strength is used for this the proximity will be affected 

by other factors aside from the distance, such as objects between the receiver device and the 

beacon, hence why this is not recommended for determining the exact location (Apple Inc., 

2014). 

2.4.4.1 Advertised data 

The advertised data consists of a universally unique identifier (UUID), a major value, and a 

minor value. The major and minor value are just 16-bit unsigned integer numbers. Often the 

UUID is used to specify a type of beacon, or that they belong to a specific organization. The 

major value identifies a group of related beacons with the same UUID, which are then uniquely 

identified within the group using different minor values. This means the receiver device gets no 

further data than the UUID, major value, and minor value and will have to interpret what to do 

when a beacon with specific values is detected.  

2.4.4.2 Geofence 

An alternative to Ibeacon is to use geofences. A geofence is a geographical region which is 

monitored using the smartphones location sensors (e.g. GPS, Wi-Fi) and an event is triggered 

when the user enters or leaves this region. An advantage over Ibeacon is that this method does 
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not require any beacons to be set up. Unfortunately this monitoring has lower accuracy than 

Ibeacon and Microsoft recommends in their guidelines that this method is only used for regions 

with a radius of 50m or larger (Microsoft Corp., 2014). The GPS also works poorly or not at all 

indoors.  

2.4.4.3 Platform compatibility 

The Ibeacon technology is officially only supported on Apples own operating system Ios 7 and 

later. But the technology was quickly reverse engineered and an open source library was 

released by the company Radius Networks under the Apache license which allows Android apps 

to detect Ibeacons as well (Young, 2013). The Ibeacon technology is not supported by Windows 

Phone as of version 8.1, but Microsoft has mentioned they are looking at implementing support 

in the future (Lyon & Sarad, 2014). 

All these Ios 7 devices are also capable of acting as Ibeacons themselves (Apple Inc., 2014), but 

this is not yet possible with the Android library. There are also several companies which are 

producing dedicated beacons in different forms, such as Radius Networks5 and Estimote6.  

                                                      
5 Radius Networks website: http://www.radiusnetworks.com/  
6 Estimotes website: http://estimote.com/  

http://www.radiusnetworks.com/
http://estimote.com/
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3 SOLUTION DESIGN 

With the market share divided between three smartphone platforms and as customers visiting 

a store will have different smartphones the solution design will take into account Ios, Android 

and Windows Phone which as seen in the theory should cover the majority of the customers. 

Together with Ateles a few scenarios have been identified for which the prototype application 

will use physical mobile interaction techniques: 

- Use the smartphone to display additional information about a physical product. 

- Use the smartphone to apply physical discount coupons to his cart. 

- Allow customer to view his shopping cart in the app on virtual stores without entering 

any credentials on the terminal. 

- Enable employees to view a customers’ cart on their tablet app if the customers allows 

it without the need to enter their credentials. 

- When a customer enters a physical store the smartphone application should show 

relevant information for that store. 

This section discusses how these scenarios are implemented using the techniques and 

technologies discussed in the Theory chapter. 

3.1 INTERACTING WITH PHYSICAL PRODUCTS 
When enabling the device to interact with physical products the choice of interaction physical 

mobile technique which seems most reasonable is touching or pointing, because the 

technologies to implement this technique allows for more precise identification of a specific 

object as products can be quite small. 

Then the choice is down to using either using NFC or visual markers. As mentioned in the 

theory, EAN-13 barcodes are already printed on most of the products sold in Europe today. The 

downside is that with EAN13 the user must use our specific application to scan the barcode. 

Given the cost and amount of work to apply either QR-codes or NFC tags to all products 

available in a store the choice was taken to use the already existing EAN13 barcodes. 

As EAN-13 barcodes only stores 13-digits the application will have to either have information 

about the item which this number belongs to or look it up. Because information such as stock 

levels is dynamic the application will connect a web service, in this case the e-commerce 

website to get information about the scanned product. The flow is showed in Figure 9 below. 



 

23 
 

 

Figure 9: Sequence diagram describing scanning of a product with EAN13 barcode (own illustration). 

3.2 INTERACTING WITH PHYSICAL COUPONS 
Discount coupons are commonly printed on paper or thin cardboard. This makes a visual 

marker suitable. Some companies already print barcodes on their coupons. As coupons are not 

only limited being distributed in a store, but also via newspaper, mail advertising etc. it would 

be beneficial to allow them work even if the customer scans the code using a third-party 

reader. Therefore the choice has been to use the pointing technique using QR-codes for the 

coupons. 

The solution uses the concept of contextual QR-codes. When the application scans the QR-code 

it can use the user’s credentials to apply the coupon directly this specific customer’s cart. 

Rouillard (2008) stored XML in his QR-codes (public part), this makes them unusable with 

third-party scanners which he also mentions as they will only display the XML to the user. To 

remedy this, the QR-code contains a URL which includes a unique identifier for that coupon, for 

example “http://hostname/coupon/2456234”. As it is a URL most third-party scanners will open 

the URL in a browser. When opened the website will try to launch an application specific URI, 



 

24 
 

such as “atelesapp://coupon/2456234”. As mentioned all platforms will try to launch an 

application which has registered for this URI scheme. 

There are two reasons why this in-the-middle website is better than storing this URI directly in 

the QR-code. Firstly there is a larger chance that third-party apps will detect a normal URL and 

know what to do with it. Secondly Ios does not automatically search the store for applications 

compatible with the URI scheme if none is already installed on the device. The website can 

detect if it lost focus within a few milliseconds (which means the app was launched), if not it 

can redirect the user to the application in the Itunes store, hence giving similar functionality to 

Ios as is present on Android and Windows Phone. 

The website design follows the design of the stores brand to convey an omni-channel 

experience. The website will be visible if the user is using an unsupported operating system or 

sometimes if he goes back to the third-party scanner app. It will also be visible if the operating 

system could not be detected, which can be the case for example with third-party browser on 

Android. The website will therefore also allow the user to manually choose which platform he 

uses. 
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Figure 10: Flowchart for a user scanning a coupon QR-code (own illustration). 

If the QR-code is scanned directly in the app built for this thesis the website is not used, instead 

the app will parse the URL and extract the coupon number and use it directly. Figure 10 shows 

the flow for a user scanning a coupon QR-code. 

3.3 INTERACTING WITH VIRTUAL STORES 
When interacting with virtual stores the smartphone will need to identify which virtual store 

the user is interacting with and then send that along with the user’s unique identification to a 

web service. This web service will in turn notify the virtual store that the user has connected. 

One issue which has to be considered here is that because the app will connect over the 

internet, it is important that the virtual store terminals identifier changes regularly (for example 
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every few minutes and each time a customer disconnects), otherwise anyone could spoof the 

call and simulate that they are interacting with a terminal, while being somewhere else in the 

world. 

For this interaction it would be preferable to use NFC, as then it would be easy to have the 

terminal equipped with a NFC transmitter which in peer-to-peer mode sends a URL with 

changing identifier to the interacting smartphone. But unfortunately NFC is not supported on 

Ios, which is an important customer group. Another option would be to use the scanning 

technique with Ibeacon, which would also allow the terminals to change the minor value 

dynamically. But this is not an option either as the existing virtual store software runs on 

Windows 8 as a web app, which currently can’t be implemented to act as a beacon. Therefore 

the solution is to use the pointing technique with QR-codes similar to how coupons work. 

As printed QR-codes can not change content the QR-code will be displayed on the screen of the 

terminal instead, which allows it to dynamically change. Unfortunately this means a visual 

marker will take up space in the UI, which can disturb the graphical design. The space required 

is reduced by making sure alphanumeric encoding is used. 

The QR-codes for virtual stores work as the QR-codes for coupons, but instead of applying a 

coupon to the customers cart they notify the web service which terminal the user is interacting 

with. This flow is illustrated in Figure 11 below. 
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Figure 11: Flow for interacting with QR-codes displayed on virtual store terminals (own illustration). 

When the user modifies the cart on any other channel the UI on the virtual store also updates 

automatically to enhance the omni-channel experience further. 

3.4 INTERACTING WITH EMPLOYEE TABLETS 
The employee tablet software is from the point of view of this thesis very similar to the virtual 

stores. But one difference is that it is an Ios web app. This makes it possible to make it act as a 

beacon, hence allowing for testing the scanning technique. Unfortunately Windows Phone does 

not yet support Ibeacon, but their market share is still small and they have announced that they 

are looking at implementing support in a future version (Lyon & Sarad, 2014). 

One downside with using Ibeacon is that it requires the user to already have downloaded the 

application for it to work. Still it is interesting to implement such a system and to examine how 

it works for this type of interactions. 
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For the Ibeacon the UUID will be the same randomly generated identifier for all beacons. The 

major value will also be the same for all employee tablets beacons in the same physical store, 

while the minor value will be used to identify an individual employee tablet. The minor value is 

changed dynamically once every few minutes to make it harder for people to spoof the beacon. 

 

Figure 12: Flow of entering an employee tablet beacon region (own illustration). 

The smartphone application will monitor for the UUID and once a correct UUID is detected it 

will validate that the major value represents a virtual store terminal. The smartphone 

application uses the minor value to send a request to the web service which in turn notifies the 

employee’s tablet of the newly connected customer. The tablet then downloads the customer 

data from the web service. 

3.5 STORE INFORMATION 
The goal here is for the application to show opening hours and stock levels for the current store 

the customer is in. Using the scanning technique, this can be achieved without any user 

interaction at all with the smartphone itself, except just being located in the specified region. As 

mentioned in the theory two possible solutions are using either Ibeacon or monitoring the 

position with GPS. Since stores can be located inside shopping malls where the GPS often has 

no or very poor accuracy GPS is not a good option. Hence using the Ibeacon technology is the 

technology used for this scenario as the region is instead controlled by the Bluetooth signal. 

Compared to using Ibeacon for employee tablets the store region will be much larger. In this 

case it is also interesting to use the functionality to notify the user even though the application 

is not currently running or is in the background. If the app is not running and in the foreground 

a notification is displayed which welcomes the user to the store, and if clicked launches the 

application and shows the store information. If the app is already running the application 

updates the interface with the opening hours and displays stock levels throughout the 

application for the current store. A dialog is also showed within the application which welcomes 

the user to the store. 
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When the user is leaving the store the interface should go back to the previous state with only 

stock levels for the e-commerce site. A notification is also shown to the user which thanks him 

for the visit. 

 

Figure 13: Showing interaction with stores, using the scanning technique and Ibeacon technology (own illustration). 

The flow of interaction is illustrated in Figure 13. The UUID is the same as for employee tablets, 

an identifier for the company. The major value is used as a group, for example all stores in 

Linköping, or Sweden etc. have the same major value, depending on the number of stores the 

company have. However, although the minor value is again an identifier for the specific store, 

this does not change as this action do not trigger any transfer of customer data from the device 

there is no issue if someone spoofs the beacon. Also store data is cached on the device for 

better performance as opening hours etc. doesn’t change very often. 

3.6 COMPLEMENTING QR-CODES WITH NFC 
As mentioned for both employee tablets and virtual stores NFC would be a good choice of 

technology, but unfortunately not supported by Ios. But NFC has several advantages over 

QR-codes. Firstly the user can just tap the device on the NFC sender device/tag without 

launching any app first. Secondly NFC has better support for guaranteeing the correct 

application is opened. While using URI for launching apps works fine, any app can register for 

the same URI-scheme, meaning fake apps can launch instead of the stores official one.  
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When using NFC to launch an app the NDEF message has to follow a few rules to work on both 

Android and Windows Phone. Firstly Windows Phone 8 will only use the first NDEF record and 

ignore the rest. This means the first record must be a Windows Phone AppLaunch record. The 

second record contains a URL (same as the respective QR-code would have). And the third 

record is an AAR. Android will read all records, it will check if the application specified in the 

AAR has an intent for the URL in the second record. In that case the application will start with 

that URL as argument. If the application is not installed Android opens the store to download 

the application specified in the AAR (Google, u.d.). 

 

Figure 14: Example NDEF message for launching app for a specific virtual store terminal on both Windows Phone and Android 
(own illustration). 

Figure 14 shows an example NDEF message for launching the app with a terminal id as 

parameter. The purpose of using a normal URL instead of custom URI-scheme is because this 

allows other devices beside Windows Phone and Android which might read the message to use 

the URL which shows a message about the coupon for example. Android apps can still register 

to launch for specific URL patterns too (Google, u.d.). 

The NFC sender should be clearly marked with a NFC sticker to indicate where to tap, which as 

discussed in the theory otherwise can be an issue. NFC and QR-codes does not exclude each 

other, but can work in parallel. Giving the choice of both NFC and QR-codes increases the 

chance of a customer at least recognizing one of them as an interaction method too.  
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4 DEVELOPMENT 

This section shortly discusses how the solution design was implemented. The development has 

involved four different systems. Before the thesis work these were not connected with each 

other. This was the first issue which was resolved as they need to share the same product data, 

customer information etc. to allow the customer to move between the different channels. The 

final result of this architecture, including the new device is illustrated in Figure 15. The 

e-commerce website acts as the source of all customer data and product information. All 

communication with the e-commerce backend is done using an API in Magento called 

XMLConnect which uses XML for its responses. 

 

Figure 15: Systems involved including the customers device (own illustration). 

While the solution design discussed solutions for all major mobile platforms the prototype 

application was only developed for the Ios 7 operating system (as mentioned in the limitations 

for this thesis). This choice of platform is based on a request from Ateles. 

4.1 VIRTUAL STORES 
The virtual stores, as previously mentioned are running a custom software built on the Pimcore 

platform. The backend serves web pages, which the clients (terminals) displays in a web 

browser. 

When starting up the virtual store client requests a new ID from the backend server, which 

keeps track of this ID as well (this ID will regularly change automatically). Each time this ID is 
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updated a new QR-code is generated and the old one replaced in the UI of the client software 

as seen in Figure 16. The QR-code is generated using an open source JavaScript library 

QRCode.js7. 

 

Figure 16: Screenshot of the QR-code in the Virtual Store software. 

When a customer connects to a virtual store terminal the smartphone application notifies the 

backend service for the virtual stores providing the customer’s current unique session identifier 

and the terminal identifier. The terminal client will regularly poll the backend to check if a 

customer has connected and in that case fetch their cart from the e-commerce website. All 

changes to the cart are immediately validated against the e-commerce system so the changes 

are reflected across all channels. A welcome screen is also displayed on the virtual store once 

the customer has connected to shortly explain the customer can access the cart on the terminal 

too (see Figure 17). 

 

Figure 17: A welcome dialog is displayed on the terminal once a customer connects. 

4.2 EMPLOYEE TABLETS 
The employee tablets work in a very similar way to the virtual store as they are based on the 

same software. The main difference in the implementation is that instead of displaying a 

QR-code in the UI, the tablet should instead act as a beacon. Because of this the normal 

browser cannot be used, because it requires native code. Therefore a new Ios application for 

Ipad was developed. This application has no UI itself, it only shows the existing web app and 

listens for a special URI which is triggered when the beacons minor and major values should be 

                                                      
7 QRCode.js website: http://davidshimjs.github.io/qrcodejs/  

http://davidshimjs.github.io/qrcodejs/


 

33 
 

changed. This URI is intercepted by the application shell which advertises the new major and 

minor value and aborts the navigation to the URI. 

When the app on the customer’s device detect this beacon and it comes within immediate 

proximity the application notifies the employee tablets backend service with the customer’s 

session identifier and the employee tablet apps identifier. Then the connection is handled in 

the same way as virtual store terminals. 

4.3 IOS APPLICATION 
The Ios application was developed using the programming language objective-c in Xcode. The 

application is split up into five tabs, “store”, “scan”, “favorites” (wish list), “cart”, and “my 

account”. 

4.3.1 Barcode scanner 
One of the more interesting parts of the application is the scan view (see Figure 18), which is 

used to scan both EAN13 barcodes and QR-codes. Ios7 has built-in support for adding barcode 

scanning to applications which is what is used for this implementation. Besides just showing a 

camera view it also shows a barcode and QR-code with a short explanation to help users which 

might not know what can be scanned. 

 

Figure 18: Screenshot of the scanner view in the Ios application. 

4.3.1.1 Third party scanners 

As described in the solution design the QR-code points to a website which tries to launch the 

application or the application store. The website detects which operating system the device is 
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running using the open source PHP library Mobile Detect8. Figure 19 shows a screenshot of the 

website after scanning the QR-code with a third-party scanner on an Ipad. 

 

Figure 19: Screenshot of a coupon QR-code scanned with a third party application. 

4.3.2 Beacons 
The application also detects beacon regions for stores and updates the UI with local 

information. One of example of this is shown in Figure 20 where the stock level is also shown in 

the cart while inside the beacon region. To test this functionality first a software called 

BeaconOSX9 was used, which allows a Mac computer to act as a beacon. However, this 

software proved unreliable and therefore an application for Ios was developed which turns an 

Ios device into a beacon and allows to set it to create store beacon regions. 

                                                      
8 Mobile Detect website: http://mobiledetect.net/  
9 BeaconOSX website: https://github.com/mttrb/BeaconOSX  

http://mobiledetect.net/
https://github.com/mttrb/BeaconOSX
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Figure 20: Screenshot of Ios application. Left is outside store beacon region, hence only online stock shown. Right is inside 
beacon region, both local and online stock is shown. 

The application also listens for beacons from employee tablets and will connect to the tablet if 

one comes within immediate proximity of the device, but only if the application is running in 

the foreground, as this should be an active choice by the user. 

4.3.3 Additional functionality 
Beside the implementation for physical mobile interaction the following features are 

implemented in the application. These are outside the focus of the thesis but still important for 

the overall functionality of the application: 

- Search for and display products. 

- Allow a customer to login to his account. 

- Ability to manage a shopping cart and wish list. (Wish list requires user to be logged in, 

while shopping cart does not.) 
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5 EVALUATION 

The evaluation is based on observations made about the physical mobile interaction techniques 

themselves and the technologies used to implement them. These observations are from both 

the development phase and by testing the final system afterwards. 

A first general observation is that the implementation of the technologies for barcode scanning 

and the beacons is relatively easily done as the support is often built into the operating system. 

Instead it is the work to build the foundation of the application and enable the integration in all 

the other systems which took most of the time. This amount of work will of course depend on 

how integrated the systems already are. 

5.1 PHYSICAL PRODUCTS 
The scanning of physical products uses the pointing technique with EAN13 barcodes. This 

technique has proven to be very reliable. When scanning the barcode the user is very aware of 

which object which is the target of the interaction. Having it work with most products available 

is a major advantage. One small observation is that it seems the built in barcode scanner in Ios 

has a hard time reading the barcode if it is not scanned horizontally. This is probably because 

linear barcode have no alignment help, like QR-codes does. 

5.2 COUPONS 
The use of QR-codes for coupons works very well; they do take up some space on the coupon 

but can instead replace existing barcodes which are already present on most coupons for 

scanning them at a POS. Again as Rukzio (2007) said the customer is very aware of what he is 

interacting with.  

Using the solution with a middle website the scanning works with all third-party scanners 

tested so far (all downloaded from the Itunes app store). It is also really quick; if the application 

is installed it is launched almost immediately when the webpage has loaded. With a good 

network connection this means the application has started in just 1-3 seconds after scanning 

the QR-code. If the application is not installed the user is also successfully brought to the app 

store to download it. 

One issue has been noticed using a third-party scanner. One of the tested third-party scanners 

reloaded the page after going back to the scanner application again. This caused the application 

to launch again. 

5.3 VIRTUAL STORES 
The results here were very similar to the result for coupons. One different observations was 

that it is harder to find a “natural” spot for the QR-code in the UI than on the coupon. The 
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approximated maximum distance which it was possible to scan the QR-code on the screen of 

the Virtual Store was about 15cm using an Ipad Mini. This distance will differ depending on 

quality of the camera. 

5.4 EMPLOYEE TABLETS 
The use of Ibeacon for implementing the scanning technique for employee tablets 

unfortunately turned out to be unreliable. This is due to the variations of actual distance for the 

different proximities. The immediate distance could vary from only being about 15cm up to 

60cm. This means it does not always become a direct, targeted interaction, and might trigger if 

a customer uses the smartphone close to an employee tablet. 

5.5 STORE INFORMATION 
For displaying customized information based on the store in which the device is located the use 

of Ibeacon works well. The application updates within a few seconds of entering the area if the 

application is running. 

If the application is not running it displays a notification instead. A scan is performed once the 

phone screen is turned on, which means there is a slight delay of about 3-5 seconds from the 

moment the user turns on the display until the notification is displayed. This is all done using 

cached data about stores, so no network access is done to fetch store information, doing that 

would result in a longer delay. 

Overall the use of Ibeacon works well for this scenario. The only issue again is the range since it 

is not easy to control the exact limits. The signal also goes in all directions, which can cause the 

smartphone to trigger even if you are in another store located above or below in a shopping 

mall for example.  



 

38 
 

6 DISCUSSION 

This discussion is based on observations made during the development and using the system 

afterwards. It is also based on comments from persons at Ateles who got to try the prototype.  

For selecting objects pointing seems to work well enough; Rukzio (2007) actually found that 

users preferred pointing, and touching was only an option if the object was very close due to 

less physical effort required with pointing. For retail companies there is also a cost saving in 

being able to use the already existing barcodes on products. One improvement to the scanner 

would be to add a horizontal line the in the camera view finder to help scan linear barcodes 

horizontally. 

To interact with the employee tablets scanning is probably not the best method. As the 

customer is transferring his cart and other personal information it needs to feel secure, and if it 

works on over 0,5m distance it might not convey that feeling. Rukzio (2007) also found that all 

participating users preferred touching when it came to security to the required close distance. 

But as NFC is not supported on Iphone the best option which still supports all platforms is 

pointing with QR-codes, but with a QR-code small enough to prevent it from being scanned at a 

far distance, hence requiring user to come close and maybe increase their sense of security. 

For virtual stores it could be beneficial to complement the use of QR-codes with NFC and have 

both available to the users until all platforms support NFC (although there is no guarantee they 

ever will). This means user could select the NFC method if it makes them feel more secure and 

it is compatible with their device. This is important as perceived security is an important factor 

when determining to make a purchase from virtual stores (Belanger, Barkhi, & Hicks, 2008). 

Something to consider is that the QR-codes relies only on URI’s to launch the correct 

application. Unfortunately it is possible for any other application to register for the same URI, 

which might create opportunities for phishing attacks. 

As Rukzio (2007) also found, scanning is the best choice for interacting with a location which 

acts as a smart object. Ibeacon is currently the best solution and works on the two biggest 

platforms and is planned for the third biggest too. The main disadvantage here is that it might 

give false positive for a range outside the store, and above/below it. But if the application does 

not display notifications and instead only updates the UI it will not irritate the users as much. 

Otherwise if several stores in a shopping mall deployed this the user could potentially be 

spammed with notifications. In a case study by Rukzio (2007) he found that users thought that 

scanning sometimes provided irrelevant information. There are also several blog posts, for 

example “Apple iBeacons: With great power comes great potential to annoy” (Kingsley-Hughes, 

2014) and “iBeacons Turn Apple Store Into Seamless Spam Machine” (Hein, 2013), which warns 

that companies might overuse Ibeacon and user in turn will turn off the functionality. 
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Because all of these techniques uses a web service an internet connection is required. 

Therefore it is important to make sure there is good mobile coverage where the system is 

deployed. If not it might be worthwhile to offer free Wi-Fi in the store. 

6.1 CONCLUSION 
This thesis have showed how physical mobile interaction techniques can be implemented in 

several different scenarios in an omni-channel retail store environment. The use of those 

techniques clearly simplifies several scenarios, such as removing the need to enter login 

credentials on virtual stores. Which technique to use depends on the scenario, but when 

working with selecting objects the preferred techniques was found to be pointing and touching 

which were both more reliable and conceived as more secure by the users. On the other hand 

scanning was found useful for interacting with locations, but was often too imprecise for object 

selection.  

The report has also found that today’s smartphones have sufficient technology to implement 

those interaction techniques. What is harder though is achieving a solution which works across 

platforms, as each smartphone platform has its own limitations, and in a retailing environment 

it is important to support as many of the customers as possible. This thesis found that pointing 

implemented using visual markers works on all major smartphone platforms, but also discusses 

that in some cases it might be worthwhile to complement it with other techniques, for example 

touching using NFC. This allows for user which has support for these technologies to use them 

instead while the system is still compatible with other platforms. And using the website fallback 

the system also presents useful information if the customer is on an unsupported system and 

helps them if they have not downloaded the application yet. 

6.2 PRACTICAL USE OF THE RESULT 
The result is of use to anyone wishing to use physical mobile interaction to simplify for the user 

to interact with multiple channels. The report describes which technologies are suitable for 

implementing the techniques to be compatible with the majority of the customer’s 

smartphones. For Ateles they can also use the prototype application to demonstrate the 

interaction and integration between systems for interested parties. 

6.3  FUTURE WORK 
An area to further study is to see how these technologies deployed in a real environment 

affects not only the sales, but also the customer’s behavior. This would include which channels 

the customer use for what and in which channels the actual purchases are made. 
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7 ABBREVIATIONS 

This is a list of abbreviations commonly used throughout the report. 

AAR – Android Application Record 

BLE – Bluetooth Low Energy 

EAN – International Article Number 

GTIN – Global Trade Item Numbers 

NDEF – NFC Data Exchange Format 

NFC – Near Field Communication 

QR-code – Quick Response Code 

UI – User Interface 

UPC – Universal Product Code 

URI – Uniform Resource Identifier 

URL – Uniform Resource Locator 

UUID – Universally Unique Identifier 

XML – Extensible Markup Language  
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