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Abstract. The establishment of shopping malls and the growth of online
shopping increasingly diminishes the turnover of “small”, independent retailers
in urban environments. However, retailers could reverse this trend through
complementing the offline experiences they already offer with online offerings
and establishing business “alliances” to achieve economies of scale and enable
the provision of innovative digital services. The EU-funded project SMART-
BUY aims at realizing the concept of a “distributed shopping mall” ecosystem
which allows retailers to band together in a large commercial coalition which
generates added-value for its retailers-members and customers: centralized
products and services inventory management; geo-located marketing of
products/services; location-based search for products offered by nearby retailers;
personalized recommendations for purchasing products based on innovative
recommendation systems. In effect, SMARTBUY proposes a blended shopping
paradigm, wherein the benefits of online shopping are combined with the appeal
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of traditional store shopping. The article provides an overview of the main
outcomes and achievements of SMARTBUY. It also reports on conclusions
drawn in the context of the project’s official pilot execution in four European
cities.
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1 Introduction

The decline of isolated retailers and the rise of shopping malls have been major trends
in retailing for decades, worldwide. Retail agglomeration in shopping malls has been
found useful to both consumers as well as firms. Shopping mall agglomeration offers
the benefits of higher footfalls, shared -physical and digital- infrastructure, cooperative
marketing plans and high impulse purchases [17].

The fast-paced development of ICTs has also dramatically changed the way people
shop in the past 15 years. Besides shopping at physical stores, with the aid of ICT,
consumers are able to shop via the Internet. This new type of shopping mode (e-
shopping or online shopping) frees consumers from having to physically visit stores
and puts extra competitive pressure to local small retailers since customers often opt to
shop online due to the attained cost and -travel- time savings [8, 16].

Nevertheless, the above discussed trends could presumably be reversed if retailers
were to integrate ICT services into the offline experiences they already offer and
establish business “alliances” to achieve economies of scale and enable the provision of
innovative services.

Along this line, the H2020 SMARTBUY project1 (Jan 2016–Jan 2019) aims at
realizing the concept of a “distributed shopping mall” ecosystem which allows retailers
to band together in a large commercial coalition which generates added-value for its
retailers-members and customers: centralized products and services inventory man-
agement; geo-located marketing of products/services; location-based search for prod-
ucts offered by nearby retailers; personalized recommendations for purchasing products
based on innovative recommendation systems. From the customer perspective, such an
approach would combine the best of the two worlds: one the one hand, the benefits of
online shopping (comparison of product prices across several stores, have guarantee on
the availability of searched products, etc.); on the other hand, the multifarious appeal of
traditional store shopping (social interaction, entertainment, movement, trip chaining),
live in-store information, offline retailer loyalty, low product performance risk, zero
delay for product delivery, etc. [6].

This article provides an overview of the main outcomes, contributions and findings
of SMARTBUY. It also reports on experiences gained in the context of the project’s
official pilot execution in four European cities with diverse scale and retail market
characteristics.

1 http://smartbuy.tech/.
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The remainder of the article is structured as follows: Sect. 2 reviews research
related with the work presented herein. Section 3 discusses the scope of the project as
well as its main scientific, technical and business objectives. Section 4 provides an
overview of the system architecture of SMARTBUY and describes the functionality
and interoperation among its key modules. Section 5 analyses results yield during the
official pilot tests of the project. Finally, Sect. 6 concludes the paper.

2 Related Work

The six most-common indicators of smart cities are smart economy, smart people,
smart governance, smart mobility, smart environment, and smart living [7]. Smart
economy refers to technologies supporting new forms of collaboration and value
creation that lead to innovation, entrepreneurship and competitiveness [10]. In this
context, Pantano and Timmermans in their seminal work on smart retailing, emphasize
that “the emerging idea of smart retailing would reflect a particular idea of retailing,
where firms and consumers use technology to reinvent and reinforce their role in the
new service economy, by improving the quality of their shopping experiences” [13].

The smart retailing culture is characterized by the extensive use of mobile tech-
nologies, high connectivity, ubiquitous computing and contactless technologies, which
enable consumers to experience shopping differently [14]. Thus, it is not surprising that
there is an increasing awareness in marketing about the need to develop new mobile
retailing strategies. Initial efforts involved the usage of SMS for advertising purposes.
Later, it expanded to mobile apps, which allow consumers to easily find, compare and
order products, access news on products and services, create shopping lists, locate
products and stores, etc. [14]. More recently, it encompassed smart stores with iBeacon
infrastructures used to track the exact customer location and push product-related
notifications, as well as NFC-equipped smartphones executing augmented reality apps
to add virtual elements (textual information, images, videos, 3D animation clips, etc.)
to products of interest when visiting the actual store [15].

Among other aspects, knowledge management has been recognized as a critical
success factor for (mobile) smart retailing, since data collection and consumer analysis
can be facilitated by the adoption of new technologies [11]. Mobile/ubiquitous com-
puting provide the required technological infrastructure to collect valuable knowledge
from/for consumers (e.g., by codifying habits, processing clients’ transaction infor-
mation and identifying changes in consumers’ behavior for supporting retailers, etc.),
and feed knowledge into the service (i.e., by providing enriched information about
certain products, or drawing the attention of consumers to -otherwise missed- products
of interest) [1, 2]. Along this line, mobile recommender systems (RS) enable the
adaptation of product information to make it more relevant to consumers’ information
needs [4, 5, 19]. Mobile RSs may serve both in-store and online purchase situations as
they “elicit the interests or preferences of individual users for products either explicitly
or implicitly, and make recommendations accordingly” [9].

For instance, Yang et al. proposed a location-aware RS that correlates customers’
shopping needs with location-dependent vendor offers and promotions [25]. Yuan and
Tsao introduced a framework which enables the creation of tailor-made campaigns
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targeting users according to their location, needs and devices’ profile (i.e. contextu-
alized mobile advertising) [26]. More recently, Chen and Ji proposed an approach for
smart advertising in smart cities, with the use of crowdsourced trails provided by
mobile and wearable IoT devices [3]. The authors argue that, as user behavior is
tracked via a device, analysis of these trails generates important clues for market
planning.

SMARTBUY builds upon these developments in mobile retailing proposing the
involvement of retailers and clients in a sort of “smart-partnership”. This approach
provides the basis for value creation via the implementation of smart marketing and
commerce services which will be analyzed in the sequel.

3 Project Scope and Objectives

SMEs lack visibility in the digital world. A large percentage of small businesses in
Europe do not have a website; only a few have their product catalogues on-line, while
most rely on social media marketing to disseminate promotional offers. They are rarely
visible on large commercial platforms. In addition, the use of commercial platforms is
very costly for SMEs. On the other hand, many customers would be interested in
supporting their local retail SMEs and buying from them instead of from popular e-
commerce platforms. However, this is not straightforward in the absence of on-line
platforms specifically dedicated to SMEs.

For small retailers who wish exposure of their products online, it would make sense
to cooperate together at local level and create a local online catalogue of products
where they could advertise to local consumers. Individual SMEs may lack necessary IT
skills and visibility online, but if such a platform was created it would benefit all the
small retailers involved. Nowadays, retail SMEs should obtain help to create such
platforms at the local level. In particular, help linked to IT skills and marketing would
be necessary.

SMARTBUY contributes in closing this gap providing the technological infras-
tructure for small and medium sized retailers to become the place where they can easily
make their products and promotions visible on-line for local audiences at the right time
and at the right moment; just in their smartphone and providing them also with
competitive advantages of e-commerce: comparison of prices, choice of providers,
reviews and specification awareness, guarantee of availability, etc. SMARTBUY
provides SMEs retailers with an integrated suite of services allowing them to apply the
tactics typically practiced by big retailers, thus offering an integrated digital and
physical buying experience to customers.

SMARTBUY is thought as a service that achieves its bigger potential when applied
in a delimited geographical area with dense deployment of commercial stores such as a
city center. The service provides a location-based e-commerce (l-commerce) integrated
infrastructure for all the small retailers in a geographical area to use. The l-commerce
infrastructure allows conducting centralized searches of products provided by the
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stores. Customers can have access to real-time information of the products, prices,
availability, etc., with the convenience of being able to physical purchase in a local,
near-to-home store, thus saving costs and delivery delays due to shipment.

SMARTBUY turns the physical stores of smart cities to a smart geographically
distributed mall by providing the logical consistency needed for conducting centralized
searches in heterogeneous and geographically distributed physical stores.

Figure 1 shows how potential customers with their smartphones are able, using the
SMARTBUY system, to receive real time information with respect to the availability of
the products that they wish to purchase from nearby stores. This awareness can be
achieved through an explicit search on the SMARTBUY’s retailer’s stores databases
but also through available location-based services (see Sect. 4.1).

SMARTBUY service is based on mature communication and information infras-
tructure components provided by the partners of the consortium. Nevertheless, a large-
scale demonstration of the service is needed in order to validate the hypothesis on the
impact that the service may have on the increase of sales and competitiveness of the
small retailers.

Fig. 1. Real-time centralized search for products offered by SME retailers’ stores.
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SMARTBUY project pursues the following main scientific, technical and business
objectives:

• Provision of services and functionalities targeted to two different user types, SME
retailers and potential customers.

Services provision to potential customers allowing to:

• Conduct geo-located, centralized and ubiquitous searches on the inventory of ser-
vices and products of member-stores of SMARTBUY.

• Check the availability, characteristics, price and reviews by third-parties of the
products and services of their interest.

• Reserve the selected products and/or services online if the store had previously
enabled this option.

• Review and share the acquired product and/or service online.
• Receive personalized recommendations and offers about products and services sold

on nearby stores based on several contextual factors.

Services provision to retail SMEs stores allowing to:

• Integrate their services and products databases to an integrated geo-localized sales
platform, attracting local audiences and increasing sales.

• Keep track of their inventory online.
• Enable online visibility for their products’ catalogue and sales at low cost.
• Offer personalized and geo-located information and promotions to potential

customers.
• Provide customized information about their products and services
• Provide real-time information about the availability of their products and services.
• Provision of a customized multichannel system for the interaction of potential

customers with the platform (web portal and mobile app which takes advantage of
geolocation capabilities).

• Large scale pilot experimentation and validation of the SMARTBUY platform
(especially wrt sales and profit increase as well as the ability to reach new potential
customers) in several urban environments with diverse geographical, cultural and
market characteristics.

4 Overview of the SMARTBUY Architecture and Services

Figure 2 illustrates the high-level architecture of the SMARTBUY ecosystem. The
system is built upon a cloud infrastructure (addressing security, privacy, scalability and
interoperability requirements) on top of which several modules have been deployed. In
the sequel, we describe the different modules integrated in the SMARTBUY system,
emphasizing on their innovative aspects in relation to the state of the art.
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4.1 Geo-located Marketing

Due to the ubiquity of mobile devices, the collection of large-scale, longitudinal data
about human mobility is now commonplace. Medium-to-high resolution mobility data
of individuals and signals of entire social systems can be captured from systems
designed to enable communication and connectivity, such as cellular networks or WiFi
APs (access points) [18]. Mobility traces are highly unique and identify individuals
with substantial accuracy. Sensitive features can be extracted from mobility data,
including home and work locations, visited places, or personality traits [18].

In the context of SMARTBUY, we hypothesize that human mobility data inferred
from WiFi APs could boost the efficacy of marketing campaigns pursued by individual
retailer-members or by the entire system as a whole [21]. The exploitation of the
SMARTBUY geo-marketing tools requires that the APs of the retailer-members are
configured so as to connect to the CityPassenger’s CityScope gateway platform2. The
motivation behind using CityScope is that small retailers cannot handle the cost of
hiring a full-time network administrator. With CityScope, management tasks are
simplified and integrated into a unique tool that provides multiple functionalities: data
analytics, management of connected devices, security, control, information exchange
between remote APs, etc.

The key idea behind SMARTBUY’s geo-marketing is to use the WiFi APs installed
on retailers’ premises as customer proximity detectors. The APs are able to capture the
presence of users whose devices can be either registered or unregistered in the wireless
network. The former connect to the AP (either automatically or manually through the
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Fig. 2. System architecture of SMARTBUY.

2 http://90.83.46.3/.
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SMARTBUY-branded WiFi captive portal (it is noted that the captive portal can be
exploited to promote the SMARTBUY brand to non-registered consumers and
encourage them to discover the services offered). The latter are detected through the
probe request frames which are periodically transmitted from the WiFi radios of their
smartphones (the unique MAC address of the radio transceiver is indicated on the
header of those frames and may be used to identify users). The retailers APs are
configured so as to report captured WiFi signals to CityScope. Among others,
CityScope enables the information exchange among SMARTBUY-branded APs, even
if they belong to different LANs and different retailers, effectively forming a wireless
geo-marketing APs cluster at a city level. It is noted that the methods used for the
collection, anonymization, and storage of data are GDPR-compliant.

This city-scale customer mobility inference infrastructure offers numerous advan-
tages to the retailers. The first one is to be informed when a registered consumer is
around, not only in the vicinity of their own store but also when connected to another
SMARTUBY hotspot in the broader area. The user may then be sent notifications for
personalized offers and discounts directly to her smartphone or be invited to install the
mobile application and engage with the SMARTBUY community. The second one is to
yield statistics about the connection of anonymous devices (i.e. non-SMARTBUY-
registered) based on the logs systematically recorded by APs. These statistics are
important to gain insights about the evolution of physical store traffic. At a higher level,
these data can be used to track the behavior of anonymous consumers (trajectories, time
spent at each location, etc.) in an area with several deployed WiFi APs. User mobility
data captured by the geo-located marketing module are also exploited by the platform’s
recommendation engine in order to deliver relevant (i.e. user location history-informed)
product recommendations to the customers.

4.2 Product and Services Data Management

The main interface among the retailers and the SMARTBUY system is the retailers’web
portal. The latter is a web interface which offers the following key functionalities [22]:

• User management: registration and authentication of users (store managers)
• Creation/editing of store (retail) details, like title, location, description, contacts,

opening hours, etc.
• Creation/editing of catalogues.
• Creation/editing of products: name, category/subcategory, attributes (e.g. color,

weight, size), short/long description, price, stock, photographs.
• Product promotions management: product, description, discount, start/end activa-

tion date.
• Statistics, like most viewed products, origin (location) of visitors, peak hours in the

area of the store.

The retailers portal adopts responsive design principles; hence, it may be accessed
from PC, tablet or smartphone.
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4.3 Search and Information Retrieval

This core module enables end-users (customers) to perform searches for products and
services offered in nearby retailer stores (l-commerce) over a unified, centralized
inventory of products administered by the geographically distributed retailer-members
of the SMARTBUY community. The module combines the search results with per-
sonalized product promotions and recommendations.

The module is accessed via the SMARTBUY native mobile application (see
Fig. 3), which offers the following key functionalities [20]:

• Location-based search for products and services, returning the list of products and
stores which fulfill the search criteria.

• Application of several filtering options (maximum distance of retailers’ location
from the user’s current location, product categories, price range) on location-based
searches.

• Browsing of product details (title and description, attributes like price, size and
color, availability) and store details (location, contact information, etc.).

• Adding products to a ‘wishlist’ or ‘sharing’ them with others.
• Reserving a product, to ensure its availability, for a limited period of time.

Fig. 3. Representative screens of the SMARTBUY app.
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• Viewing promotional offers managed by the retailers as well as personalized lists of
recommended products which are relevant to the customers’ consumer profile and
mobility pattern (see Sect. 4.4).

4.4 Recommendation Engine

The purpose of the SMARTBUY Recommendation Engine (RE) is to derive mean-
ingful product recommendations addressed to mobile SMARTBUY users, so as to
draw the attention of users to products they would potentially be interested in, but they
would not discover themselves alone. The core RE algorithm of SMARTBUY employs
a collaborative filtering (CF)3 approach [5]. The main research contribution of our work
lies in that, among other contextual factors (like current location, time, season, con-
sumer behavior), the SMARTBUY’s RE also takes into account the location history of
the target user for delivering more meaningful recommendations. In particular, location
history is exploited in two ways: (a) to attain good matchings among pairs of users
(intuitively, users who move around the same neighborhoods or visit shops of the same
category will have interests or restrictions in common); (b) to recommended products
sold on retailer stores relatively far from the user’s current location, provided that the
stores are located in areas frequently visited by the user. Moreover, interfacing with
social media (Facebook) has been implemented in order to access basic user demo-
graphic information and be able to derive relatively accurate recommendations even
when user ratings data are relatively sparse [20].

The SMARTBUY mobile applications record in-app events (that is, events gen-
erated when users interact with the application, like keywords typed for product
searches, product views, etc.). Effectively, the events are ‘translated’ to product ratings
(e.g., when a user adds a product to her wishlist, this event is treated as a positive
rating). The in-app events are timestamped (to capture the time context) and geo-
stamped (to capture the mobility patterns of users, essentially, the GPS locations where
they use the SMARTBUY app). Those data are uploaded, upon network availability, to
the SMARTBUY’s backend system (a web service endpoint has been implemented for
that purpose) and stored in a database. SMARTBUY also makes use of WiFi APs
deployed in the premises of retailers to accurately track user trajectories and record the
number of users’ ‘physical’ visits to stores (as explained in Sect. 4.1).

CF-based product recommendations adopt a user model wherein detailed infor-
mation is collected about users and their preferences. The data is analyzed in order to
determine like-minded users, namely users with similar preferences. The main objec-
tive is to create user groups (formally known as clusters) so that the group members
share similar preferences. Then, when encountering a user u interested in an item i,
where u belongs to a cluster of users with similar preferences, the algorithm may
recommend u products liked (i.e. highly rated) by other cluster members. The workflow
diagram of the SMARTBUY’s CF-based RE is illustrated in Fig. 4.

3 CF is a method of making automatic predictions (filtering) about the interests of a user by collecting
preferences or ‘taste’ information from many users (collaborating). The underlying assumption of the
CF approach is that, if a person A has the same opinion as a person B on a subject, A is more likely
to share B’s opinion on a different subject than that of a randomly chosen person.
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It is noted that the user-generated content (in-app activity data) are processed offline
in order to form the clusters of users with similar preferences. This is a computationally
intensive task, which is typically performed once per day. The output of this compu-
tation is the recommendation list of products per user so that the list is instantly
delivered to any new (target) mobile user as soon as s/he logs into the system.

5 Pilot Study

The official pilots of SMARTBUY have been executed in 2018, in four European cities
with diverse scale and retail market characteristics: London (UK), Patras (Greece),
Luleå (Sweden) and Santander (Spain) [23].

An overall number of 471 retailer stores joined SMARTBUY (235 in London, 110
in Patras, 40 in Luleå and 86 in Santander), created an account and uploaded products
and promotions in the platform. A total of 2500 individuals (1507 in London, 595 in
Patras, 98 in Luleå and 321 in Santander) installed the SMARTBUY app4 and acted as
customers under real operational conditions. Among them, 91 retailer shop owners and
340 end-users (customers) have accepted to evaluate their overall experience with the
platform through responding to an online questionnaire.

Table 1 presents the ten questions (Q) included in the questionnaire handed to 340
participants (customers) of the pilot phase. The table also illustrates a statistical
compilation of the responses received (average and median values). It is noted that for
questions 1–11 the participants have been requested to reply using the Likert scale (1:
Strongly Disagree, 5: Strongly Agree).

Regarding the habits of customers who evaluated the SMARTBUY application, it
appears the majority buys products online rather often (Q1). Moreover, customers are

Backend system

In-app 
activity data

Retailer 
shops

Product 
ratings

Recommendation 
system

Personalized 
product  
recommendations

User 
clusters

SMARTBUY 
users Target user

Fig. 4. The SMARTBUY’s RE workflow diagram.

4 https://play.google.com/store/apps/details?id=com.smartbuyshopping.app .
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somewhat divided as regards their preference on the means of delivery for products
they have bought online between those that prefer to have them shipped to home and
others that prefer to pick them up from the store to save waiting time (and cost) due to
shipping (Q2). The preference to collect the purchased products from the store is
mostly demonstrated in Patras and Santander, where the customers also tend to prefer
buy products from local stores, even if they also practice online shopping (Q3). This
finding is also verified by responses to Q4 and Q5 where customers in Patras and
Santander expressed their appreciation for being able to collect a product bought online
by the physical store, which also results in shipping cost savings. This aspect of
SMARTBUY was also appreciated by customers in Luleå, yet, not in London where
the longer travel times to reach the physical stores are deterring.

Responses to Q6 and Q7 reveal that the usability of the SMARTBUY application
has been found acceptable in all cities. Q8 and Q9 also convey some interesting results.
Many users in London, Patras and Santander argued that they discovered new stores,
products, sales and services when using the SMARTBUY application, which they
would have otherwise missed, revealing its usefulness in online promotion. That was
not the case, though, in the smaller-scale city of Luleå, where customers have been
rather familiar with most stores.

The last two questions (Q10 and Q11) express the appreciation of customers as
regards the performance of the recommendation engine; that is, the accuracy and
relevance of recommended products both in terms of the actual type of products and the
location of the stores where the products are sold.

Table 1. SMARTBUY evaluation from end-users (customers).

Q# Questions (customers) Avg Median

Q1 I buy products online quite often 3.7 4
Q2 I prefer to collect the products I buy online from the physical store

instead of having them shipped to me
3.0 3

Q3 When I shop online, I prefer to buy products from stores that are
located in my area

3.4 4

Q4 Booking a product online and receiving it from the physical store
is useful

3.4 4

Q5 Booking a product online and receiving it from the physical store
helps me save shipping costs

3.4 4

Q6 The SMARTBUY application was fairly easy to use 3.6 4
Q7 The navigation within the SMARTBUY application was easy and

comprehensible
3.6 4

Q8 By using the SMARTBUY application I discovered stores which I
would not have discovered otherwise

3.7 4

Q9 By using the SMARTBUY application I discovered products,
sales and services which I would not have discovered otherwise

3.9 4

Q10 Product recommendations have been relevant to my consumer
profile and likings

4.1 4

Q11 Recommended products have been typically offered in stores
conveniently located to city areas which I frequently visit

4.2 4
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It is noted that the SMARTBUY ecosystem also included a mobile (evaluation)
application for assessing the quality of the retailer services [1]. Customers (i.e. pilot
users) have had the chance to rate the behavior of retailer store owners as well as the
overall provided service. This service has been integrated in the SMARTBUY
ecosystem offering an Experimentation-as-a-Service (EaaS) framework [24] developed
upon the OrganiCity Experimentation Platform [12]. The evaluation application, on the
one hand, is deemed useful to customers to identify retailers with best offers and
services, and on the other hand, incentivizes retailers to improve their services.

6 Conclusions

This article presents an overview of the research project SMARTBUY, emphasizing on
the motivation behind the research pursued as well as its main outcomes and innovative
aspects. SMARTBUY converts physical stores of smart cities in an open, geographi-
cally distributed mall by providing the logical consistency needed for conducting
centralized searches over independent and geographically distributed physical stores.

SMARTBUY is, firstly, innovative on a conceptual level as it is the first known
large-scale experimental system which implements a blended shopping paradigm: it
combines the benefits of online shopping with the appeal of traditional store shopping.
Moreover, it suggests a roadmap that achieves economies of scale for the, otherwise
isolated, small retailers in urban environments, while also offering a suite of innovative
services to customers. The core of the system is a module which enables customers to
perform location-based searches for products and services offered by member-retailer
stores, over a unified, centralized inventory of products.

The project delivers several crucial benefits for retailers:

• achieve economies of scale through enabling access to cloud-based inventory
management and digital marketing services;

• generate added value through becoming member of a broad market coalition and
taking advantage of geo-marketing opportunities;

• enable broad visibility of offered products via a usable mobile app;
• allow the effective targeting of potential customers through geo-marketing and

intelligent context-aware recommendation systems, taking advantage of collected
user profile information and user-generated data.

The project also delivers important benefits for potential customers:

• allow one-stop search over a large number of competitive shops in a similar fashion
as practiced in brick-and-mortar shopping malls or online shops;

• enable feature and price comparisons, thus, achieving gains in shopping
expenditures;

• ensure awareness of -otherwise missed- promotional offers and would-like products,
considering a multitude of contextual factors (some of which are not relevant to
online customers), such as location & location history, time, season, etc.;
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• combine the benefits of online shopping with those of traditional ‘physical’ shop-
ping (social interaction, shopping entertainment, offline retailer loyalty, low product
performance risk, prevention of shipment cost and delay, etc.).
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