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ABSTRACT

The First Intelligent Store in Brazil was developed since 1993 and since 2011, it was implemented at Billabong
Store in  Alphaville,  São Paulo, Brazil  as  study case  of  a  PhD. Inside the same space,  it  was implemented 15
applications that uses RFID, NUI, Mobility, Interactivity, all connected  with an ERP that is integrated with Smart
Self  Checkout,  Smart  Loss  Prevention,  Smart  Dressing  Room,  Smart  Exhibitor,  Smart  Inventory,  Smart
Replenishment,  Smart  POS, Smart  Shelf and other  features  that  allows the store improve the manager and the
customer experience. As a result, the store counts with the boost to the store´s traffic, fueled by curiosity about the
new solutions that also led to higher sales. For the customers it was very important because the technology helped to
reduce queues and improve the shopping experience. For the business it was wonderful because they could improve
the receipt, inventory, loss preventions, products locations. The customers can play inside the smart dressing room
that recognize the products and suggest others that coordenates with that one that customer bring inside the smart
dressing room. It helps to know the habits of consumers and their expectations and it helps to increases the sale of
products on impulse. The store is a big success in Brazil, because it was the first one that put everything together at
the same place: RFID, NUI, ERP, Mobility, and we could prove the ROI with the technologies working together.

Keywords:  (IT)  Information  Technology.  AIDC  (Automatic  Identification  and  Data  Capture).  RFID  (Radio
Frequency Identification). Barcode. Biometrics. Retail. Loss Prevention. Inventory. Stock. EPC (Electronic Product
Code) Processes. EAI (Enterprise Application Integrator). 
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INTRODUCTION

Customers  shopping  behavior  will  change  more  in  the  coming years  than  it  did  during  the  last one  hundred
(UNDERHILL,  1999).  According  to  the  author,  the  new consumer  age  provides  an  overwhelming  amount  of
options, so that consumers will surely redefine markets in all sectors, requiring new products, services and sales
channels.

Kotler, Hermawan and Iwansetiawan (2010) state that we live in the 3.0 Marketing Era, in which the behavior and
attitudes of consumers will influence the business, since consumers will demand more collaborative culturally and
spiritually marketing approaches. Highlighting that new technology will facilitate the dissemination of information,
ideas  and public  opinion,  which will  allow consumers  to  work  together  to  create  value.  The authors  said  that
technology  drives  the  rise  of  the  creative  market,  whose  worldview  is  more  spiritual,  requiring  differentiated
products and services.

This "new consumer" is more individualistic, independent and knowledgeable, with a lot of freedom to purchase
(anytime, anywhere) besides being increasingly demanding and stressed.  They are “omni-channel consumers” and
because  of  it,  they  wants  to  use  all  channels  simultaneously  and  retailers  needs  to  track  customers  across  all
channels,  not just one or two.  He is more awareness  about his power and rights and challenge the suppliers to
provide him with more pleasant experiences, and he values his shortage of time, attention and confidence, resulting
in greater need for convenience, authenticity and credibility, has greater geographic, ethnic and cultural diversity as
a result of the increasing globalization of human society. He is concerned with environmental problems and issues
of personal and social security. He is driven to acquire new, more complex and urgent knowledge, experiences,
attitudes and feelings of self-confidence (Nascimento, 2010). 

According to Mattar (2011),  some events in the New Economy has brought new features to the Brazilian retail, such
as:  strong growth  in  e-commerce,  demand  for  greater  privacy  by  customers,  full  transparency,  mega  retailers
globalization,  neofrugalism,  social  responsibility,  sustainability,  efficient  management,  new store  formats,  new
forms of communication, growth of own brands, growth of direct marketing, etc. Omni-channel consumers impact a
lot the traditional retail (brick-and-mortar stores).  In the brick-and-mortar channel, digitally-savvy consumers are
entering stores already well-informed about a product’s features and prices, and expect store employees to know
more than they do (Kilcourse, 2012).

Currently, trends in retail management are aimed at customization, differentiation, innovation, and especially a value
added relationship with the customer. This requires the intensive use of technology to offer the customer more than
he expects, surprising and captivating him, thus aiming his loyalty. (MATTAR, 2011).

Due to  the  change  in  consumer  behavior,  cheapening  of  technology resources,  the  constant  search  for  quality
improvement and competitiveness, globalization, new sales channels, it is therefore necessary to study the use of
new  technologies  and  IT  tools  that  help  enable  the  retailer  to  sell  more  and  facilitate  consumers  purchases
(SANTOS, 2006).

With competition just a click away, stores will have to be set up in prime locations with easy access and very good
facilities. Fun is also an essential component, since retail and leisure are increasingly integrated. If the store did not
have fun, surely it will be replaced by the competitor who has it. Thus, the act of going out shopping will be a
leisure activity. The interaction between the product and the seller should be a moment of pleasure, in which the
consumer will have the opportunity to get the quality of services according to his needs and technology should
support it.

In short, retailers need to rewrite their brands, optimize their activities using technology and systemic intelligence,
solve internal constraints especially in regards to people, systems and technology.
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OBJECTIVE 

The aim of this study is to identify the changes and possible gains in operational processes of the retail self-service
stores, impacted by the use of Information Technology (IT) and Automatic Identification and Data Capture (AIDC)
in world of omni-channel consumer.

To achieve this goal the key operational processes in a self-service retail store were studied focusing to identifying
how AIDC and IT could help improve customer experience, operational performance and deliver business value.

STRUCTURE OF RESEARCH

The work consists of a literature review and rationale for its development, required to conduct the research. In this
context, the following issues are addressed: Retail, IT applied to Retail; Automatic Identification and Data Capture
(AIDC), Case Study and Conclusion.

RETAIL

To define the requirements of IT and AIDC to retail is essential to understand what is “retail”.

The  "retail  consists  in  the  business  activities  involved  in  selling  any  product  or  provide  any  service  to  final
consumers for use, personal, family and residential consumption" (MATTAR, 2011). Therefore includes: fast food,
entertainment, laundry and health services and even furniture, cars and residential services. Being the last end of the
chain adds value by including a set of business activities as it is in direct contact with the end consumer.

Marques (2004) points out that the most critical retail processes are: customer service, relationship management,
purchasing and negotiating with suppliers, logistics and distribution, demand and inventory, operational efficiency
and training of the staff, in addition to safety and loss prevention. 

According to Marques (2004),  inventory control  will  be increasingly necessary,  so that  the consumer finds the
desired product exactly when he needs, and AIDC and IT can help a lot in all processes.

Hardgrave (2008) says that the inventory accuracy is one of the most important process at retail. Purchase order are
based in inventory information that are lack of accuracy 65% of the time impacting revenues in 10%.  Worldwide
inventory inaccuracy  average  is 8% meaning a potentially 3.2% loss  for  retailers  and 2.8% for  manufacturers.
Increasing inventory accuracy will help improve this issue. 

In a world of omni-channel consumer, IT need to help retailers to transform the experience inside brick-and-mortar
stores  and retailers  should use many of  IT tools  to offer  the right product  at  the right  place at  the right  time
integrating all channels and transforming the shopping experience into something enjoyable and unforgettable.

INFORMATION  TECHNOLOGY  (IT)  APPLIED  TO  RETAIL  AND  AUTOMATIC
IDENTIFICATION AND DATA CAPTURE (AIDC)

The concept of Information Technology - IT - as an area of knowledge management emerged in Brazil around 70/80
and has been considered as one of the most important components of business environment at either strategic and
operational level (ALBERTIN, 2005a; LAURINDO, 2002). IT enables retailers to improve their competitiveness
and customize their products and services adding value to customers (Siqueira, 2004).

With  the  expansion  of  retailing  activities,  issues  such  as  efficient  management  and  intensive  use  of  advanced
information technology begin to play a more important role in the modernization of the distribution system and the
Brazilian economy as  a  way to improve customer service  that  is  more mature and demanding.  In  addition,  an
increasing share of income of these consumers has been used in entertainment, tourism and telecommunications,
changing their purchasing profile (MATTAR, 2011).

Retail is one of the most important links in the supply chain and makes use of various technologies (MARQUES,
2004).  Among  them  are:  point  of  sale  (POS),  Enterprise  Resource  Planning (ERP),  Customer  Relationship
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Management  (CRM),   system collaboration  between  suppliers  process  (as  is  the  case  of  the  ECR -  Efficient
Consumer Response), the exchange of data between all links of the chain (EDI - Electronic Data Exchange), and
information systems for decision support and business intelligence (Marques, 2004).

Information Technology (IT) causes  a direct  impact on organizational  processes.  Graeml (2000) identified how
organizations generally invest in IT, ie, what are the main organizational objectives, to be achieved with the use of
IT in their processes. According to the author, they are: operational efficiency (at this level, IT helps to improve
existing processes, focusing on improving its execution); organizational effectiveness (in this case, IT is used to
refine processes, products and services); relationship with suppliers (in this regard, IT is used in order to reduce
transaction costs and improving collaboration between companies); customer relationship (seeks customer retention,
by knowing about them); competitive dynamics (the focus at this level is to add value to products and services and
develop new distribution channels so that the competition can’t copy quickly, creating barriers to new entrants);
marketing support  (use IT to help to  identify market  trends,  prospecting new markets  in order  to  increase  the
efficiency  of  searches);  improvement  of  products  and  services  (search  is  mass  customization,  by  reducing  the
development time of new products); cost reduction in production (aim at increasing productivity, through quality
improvement); business innovation (IT can be used to create new opportunities for business).

To Bolwijn and Kumpe (1990), the competitiveness must be analyzed. For the authors, the most important factors
affecting the competitiveness are: cost, quality, time, flexibility and innovation. Efficiency refers to the ability of the
organization to achieve its  goals cost  effectively,  according to the resources  available.  Aims to provide quality
products and services that meet the specifications and / or requirements in accordance with customer expectations.
The time refers to the ability of the organization to respond quickly to new market requirements. Flexibility searches
customization to meet the individualized needs of customers, i.e., the ability of mass customization in a wide variety
of products and services, to meet the needs of customers on an individual basis. Innovation relates to the ability of
the organization to develop products and / or services that are perceived as new by consumers.

According to Albertin (2008), the use of the IT benefits (cost, productivity, quality, flexibility and innovation) in
corporate performance will take place by means of processes and strategies that are affected and supported by IT
and that  will  compose  this  performance  and  are  measured  in  order  to  form the structure  of  benefits  of  using
information technology in the business environment.

In addition to the previously discussed information technology, retail also needs to use tools that streamline data
capture, so that the benefits of cost, productivity, quality, flexibility and innovation can be evidenced. Because of
this,  it  is  useful  to  consider  major  technologies  available for  retail  to  enable  automatic identification  and  data
capture, or AIDC - Automatic Identification and Data Capture.

The  Automatic  Identification  and  Data  Capture  refers  to  the  family  of  technologies  that  allow the  automatic
insertion of data into a computer or other microprocessor controlled system without using the keyboard, providing
data accuracy, reducing human errors, cost of labor and time (GROOVER, 2011).  AIDC refers to a category of
technologies used to collect  information from an individual, object,  image or sound, without manual data entry
(Agarwal, 2001). The AIDC include bar codes, biometrics, magnetic stripes, computer vision, Optical Character
Recognition (OCR), smart cards, voice recognition and Radio Frequency Identification (RFID). The AIDC is also
commonly referred to as “Automatic Identification,” “Auto-ID,” and "Automatic Data Capture." In retail, the Auto-
ID systems are use to track products throughout the supply chain, from the manufacturer to the end consumer. In this
case, one of the most interesting technology is RFID. 

RFID or Radio Frequency Identification uses electromagnetic waves (radio signals) to transmit data stored on a
microchip. This is a chip with antenna encapsulated in a label. Each chip stores a special number and a unique
product (better known as EPC - Electronic Product Code). The code is read by means of antennas installed in the
environment, which are usually integrated with the input and output systems of goods, but can be used in various
applications throughout the supply chain. You can read data in labels on any type of element, such as: products,
boxes, pallets, containers, assets, vehicles, animals, objects, machines and even people (PEDROSO; ZWICKER;
SOUZA, 2009).

The RFID systems are based on three basic layers: (i)  a transponder with an encapsulated chip in a physical object
that  can be identified;  (ii)  a reader,  also known as interrogator,  with his antenna which communicate with the
transponder, without the need of aiming directly and (iii), a server, equipped with a RFID middleware that manages
the device, filtering data and connecting with business applications (WAMBA; Boeck 2008).
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According to Loebbecke and Wolfram (2004), the use of RFID technology will impact the entire distribution chain
and can be used in pallets, cases and items, depending on the value of the products.

Hardgrave (2008) says that some studies on the application of item-level RFID in the retail fashion and footwear
segment were performed,  and concluded that the ROI is perfectly  measurable.  Tests concluded that the ROI is
directly related to customer satisfaction, since the main causes of customer dissatisfaction is lack of stock, difficult
to locate products and check out delays. Hardgrave (2008) argues that the applied RFID in an item level offers the
opportunity to improve those problems.

Another problem for retailers is the location of products that also influences drastically in sales because customers
can not find the products they are looking for, leaving the store without buying them. RFID can help find the goods,
thus providing better services to customers and increasing sales (Hardgrave, 2008).

In loss prevention, RFID can help trace products and processes, it will improve visibility of all process of the store,
such as: employee entrance, boxing disposal, waste, among others. So Hardgrave (2008) concludes that the main
uses of RFID are: inventory accuracy, lack of inventory control, product localization and loss prevention, that are
very important process to retail.

In  summary,  the  key  benefits  provided  by  RFID  technology  are:  (1)  cost  reduction  of  labor  and  time;  (2)
improvement  in  all  processes  which  have  become more  efficient,  faster  or  less  complicated;  (3)  collaborative
benefits, since the exchange of data between manufacturers and retailers allowed better visibility and planning;  (4)
increased accuracy over all processes; (5) interaction between customers and staff which increased the consumer
satisfaction and sales due to the fact that they always find what they are looking for,   customized services and
shopping experience (Loebbecke, 2005).

To understand the impact of Information Technology and Automatic Identification and Data Capture in retail, the
case study of Billabong was developed and will be reviewed below.

CASE STUDY: BILLABONG ALPHAVILLE 

The first Intelligent Store in Brazil was opened in August 2011 at Iguatemi mall in Alphaville, São Paulo. It was
developed and implemented by Vip-Systems Informática that is specialized in new technologies for retail, since
1993. 

The Billabong, a sportswear clothing store, has a young clientele with an interest in Innovation, and they values
innovations and understand that technology can provide a differentiated shopping experience.

Billabong implemented a total of 15 VIP-Systems applications, all integrated in the store, which carries about 5,000
items on the sales floor.  The RFID applications the Vip-Systems developed in the last 12 years, include features
such as a ERP integrated with Smart Self Checkout,  Smart  POS,  Smart Loss Prevention,  Smart Dressing Room,
Smart Logistics, Smart Exhibitor, Smart Inventory, Smart Replenishment and others  features that can improve the
interactivity and the mobility of customers and employees.

One  of  the  interactivity  solutions  that  was  implemented,  it  is  called  as  an  "Interactive  Mirror,"  which  allows
customers to take pictures of themselves wearing a pair of sunglasses, write messages on a touch screen mounted in
a kiosk and send the photos to a social network or e-mail. In the same kiosk, the customers can play with some
interactive games and they can ready they’re QRCode to check if they earned a discount or a gift. They can either
play with augmented reality; all integrated in the same space and kiosk. 

The other technology that customers likes a lot is the Intelligent Catalog that can show the products using NUI
(Natural User Interface). As they move theirs hands, they can see all the products. 

In Billabong’s store were used  three RFID interrogators, one handheld reader for staff to conduct inventory of its
products in the back room and in the sale floor; one fixed reader with multiple antennas for the Smart Dressing
Room, Smart Exhibitor and Smart Shelves applications, and one with multiple antennas to read tags at the point of
sale and at the front door, for loss preventions that was integrated with cameras.

Once  items are  received  via  RFID, the  data  can  then  be  stored  on  the  store's  back-end system.  They did the
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inventory check of all items in the back room and in the sales floor with the handheld reader by passing the reader
past each product. While typically an inventory check of the back room takes staff about six to nine hours, with
RFID they did in 45 minutes.

The store is also equipped with Smart Shelves with RFID antennas that reads the ID numbers of tags and store that
data to provide a real-time inventory count that indicates where each item is on the sales floor, and whether any
items need to be moved because they have been miss shelved. Everything is displayed on an Ipad or other mobile
hardware connected  in WI-FI.

The Smart Exhibitor system allows customers to learn more about the items they are viewing in the store. When a
customer remove an item from the shelf and hold the tag next to a RFID antenna, the systems identify the ID
number and shows in an IPAD informations about other products that  might best accompany that item, and the
place that it is inside the store.

One of the most exciting solution is the Smart Dressing Room. When customers bring garments into the dressing
room, an RFID antenna, that is at ceiling captures the ID numbers on tags attached to those items, and shows the
informations in a touch screen.

A touch screen on the dressing room mirror then displays products that coordinate with those brought into the room,
as well as colors and sizes available in the store. A customer can then press a prompt on the screen to send a text
message to the mobile phone of a staff member to request additional items, or can put everything in the cart and
finish the shop inside the dressing room.  

At the POS System, an RFID antenna installed under the payment place reads tags of items placed on the counter for
the purpose of being purchased and sends that information to the software, that reads all tags, shows the picture and
product  informations,  and  lets  make  the  payment  in  various  forms  (cash,  check,  card,  NFC,  etc.).  It  is  also
integrated with the store's inventory management system, which then updates sales data by moving the  tag's ID
number from the "unsold" category, to "sold." An Intelligent Deactivator function also allows a customer to have the
tag deactivated by staff, using a kill command to turn off the tag's transmission functionality.

Finally, when the customer exits the store, an RFID antenna captures the tag ID numbers and checks their status in
the inventory management system. If, by chance, the system determines that someone leaves with a product not paid
for, the system will trigger an audible alarm and will record a video of the incident.

SOME OF RESULTS

The store's director, Marcelo Chiaparini, says the boost to the store's traffic, fueled by curiosity about the technology
and how it was being used, also led to higher sales.

For the Ph.D some tests were performed in store. Just to have an idea, the gains in sales processes were amazing.
With the bar code, the time used to read 12 items it was 1 minute and 06 seconds, while the same reading with RFID
was in 42 seconds, and is therefore 35.22% on average more quickly, which will reduce queues and improve the
shopping experience.

The time of receipt of product was also reduced considerably. The average receipt with a barcode was 44 seconds
while that with RFID was 1 second for each 12 products received, with an average gain of 97.72% productive.

In  the  process  inventory,  tests  were  conducted  using  a  fixed  quantity  of  products  (100).  Three  surveys  were
conducted, using one (1) mobile reader Barcode and same collector equipped with RFID reader, ie, the collector had
the two technologies and embedded software collection, was also the same.

It was verified that 100 products RFID technology is, on average 23.70 times faster than the barcode.

This difference tends to increase because "the greater the amount of inventory of products, the higher the reading
time using bar code." Reading time with RFID may also increase under these conditions, but in a very slow and
insignificant compared with the variation of time using bar code readers.
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The case study also showed the Billabong critical points for successful implementation of IT and AIDC in retail.
Regardless of the type of technology that will be implemented, it was found by the pilot, which will need to consider
the following aspects:

PROCESSES

Complete revision of processes, due to the advantages and disadvantages of AIDCs
How to introduce the technology into a new store?
How to introduce the technology in a store in operation?

HARDWARE

What kind of reader to use and where and how to post it?
What kind of antennas are the most suitable for the project?
What and how many connectors should be installed?
Making the integration of peripherals such as: CFTV, Barcode, Mobile Collector, Mobile Phones, Printers, Wireless,
Multi touch screens, etc.

SOFTWARE

Making the integration with the legacy system? What points will be impacted?
What should be adapted in the modules of EAI / EDI - to feed the new modules in place and make the management
of legacy and new applications?
What drivers, SDKs, DLLs, and others should be installed in the store to make the system work properly?
What customizations are needed to meet business objectives?

LABELS / SUPPLIES

How to select the best type of encapsulation?
Which vendor?
What is the scope and range of reading that will be needed for the project?
What is the ideal format for each type of label product?
What data should be stored?
What patterns and what kind of key security and encryption is used?
How will the antitheft control?
With respect  to  pricing,  you must  set:  Who will  post?;  As  will  be  posted?;  When will  be  posted?;  Who will
guarantee the quality?; How to ensure that will not be lost?
 
ENVIRONMENT / INTERFERENCE

What are the types of furniture and objects that will be used in store? What types of materials used in store in terms
of floor, walls, furniture and what its possible interference in the reading?
What are the technologies that will run concurrently? What are the possible impacts on RF?
What kind of lighting will be used?
What kind of network (wired or wireless)?

Thus, one of the contributions of this work is to warn the critical success factors experienced throughout this case
study and demonstrate that the use of IT and AIDC may impact the business and generate benefits for businesses,
since they are regarded as factors hardware, software, people, suppliers, inputs and environment. The Scheme 1,
shows the Benefits and Critical Success Factors for the use of AIDC IT and retail:
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Scheme 1 - Benefits and Critical Success Factors for the use of AIDC IT and retail.
Source: Romano,2011.

CONCLUSIONS

This  work  was  limited  to  studying  the  key  operational  processes  in  a  self-service  retail  store  with  a  view to
identifying  how technologies  Identification  and  Automatic  Data  Capture  and  IT can  help  it  improve customer
experience and its operating results.

It was possible to study the combination of IT, RFID technology and others AIDC are imposing a new format retail
business. Leverage the mobility of consumers with the ease of the Web and with smartphone features, opens new
opportunities to boost sales. Knowing the habits of consumers, their preferences, their expectations and have earned
their trust, provide the sale of products on impulse. 

As a result, the store counts with the boost to the store´s traffic, fueled by curiosity about the new solutions that also
led to higher sales. For the customers it was very important because the technology helped to reduce queues and
improve  the  shopping  experience.  For  the  business  it  was  wonderful  because  they  could  improve the  receipt,
inventory,  loss  preventions,  products  locations.  The  customers  can  play  inside  the  smart  dressing  room  that
recognize the products and suggest others that combines with that one that customer bring inside the smart dressing
room. It helps to know the habits of consumers and their expectations and it helps to increases the sale of products
on impulse.

For future works, it will be important to analyze the use of AIDC and IT throughout all processes of the supply
chain, not just in the store, since during the research and literature review, it can be seen that we are at the beginning
of a significant change on businesses that tend to "collaborative chain", where all the links are mutually help to
reduce costs. These technologies can positively impact the development of this new model.
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Because it was an innovative project and have a few similar studies in Brazil and other countries, since in a single
environment  brought together  various technologies  in  an integrated  manner  in order  management,  interactivity,
entertainment,  mobility  and  convergence  of  multiple  channels  (as  is  the  case  of  the  store,  internet  and  social
networks), the store attracted the media from different parts of the world!
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