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Abstract

This paper presents research focused on the application of NFC (eng. Near Field Communication) technology as well as the
use of AR (eng. Augmented Reality) in smart packaging. Packaging is smart when it employs an interactive element so con-
sumers can learn more about the product (price, freshness, transport, storage, etc.), engage with a brand (find a brand on
social media, web, etc.) and more. The interactivity can come from NFC, AR or with traditional technologies like a barcode, QR
code, etc. NFC is a short-range wireless communication technology which transfers data between devices wirelessly without
the need for an Internet connection. AR is an image recognition technology which enables adding digital content and in-
teractive experience over a physical touch point of packaging. Connecting more modern technologies gives an opportunity
to have information about the product, its quality, characteristics and information about transport and storage at any time.
There are various technologies on the market that enable packaging to implement these modern requirements. Putting to-
gether NFC technology and smart packaging creates a quick and efficient way to obtain all necessary information about the
products contained in the database. The AR in recent years tends to take over the field of application of NFC technology in
packaging. In addition to storing information, it also can visualize them in real time and space through smart mobile devices
cameras. The goal of the paper is to compare the advantages and disadvantages of these technologies, the way they are
implemented in smart packaging technology and the expectations for further development. A comparative overview of the
main features of these technologies that are associated with their use in smart packaging. The way these technologies are
implemented is shown through a variety of commercial examples. The paper introduces two concepts of application of one
and the other technology through which all expectations for further development are presented.

Introduction

Smart packaging is still in its early stages and hasn't yet seen  Active packaging is packaging, which has an extra function
wide roll-out to the world at large. But the technology pro-  in addition to provide a protective barrier against external
vides some intriguing benefits that could nudge it into that  influence. It can control, and even react to, phenomena tak-
wider marketing arena. ing place inside the package. Intelligent packaging monitors

to give information on the quality and state of the packed
Packaging is smart when it employs an interactive element  product. Smart packaging is defined as a packaging tech-
so consumers can learn more, engage with a brand, and  nique containing an external or internal indicator for the
more. The interactivity can come from NFC, AR, or other dig-  active product history and quality [3].
ital technologies [1].

According to a report from Freedonia [4], demand for active
Smart Packaging and intelligent packaging in the U.S. is forecast to expand
8.0% annually to 3.5 billion dollars in 2017, well above total
packaging demand growth. The report identifies food and
beverages as the two largest markets for smart packaging
in 2012 and projects that pharmaceuticals will be the fast-
est growing smart packaging market through 2017. In food
packaging, some packages can communicate freshness,
while others can communicate a product’s history or expi-
ration. Regarding the pharmaceutical market, packages in-

Smart packaging provides enhanced functionality that can
be divided into two submarkets: active packaging, which in-
cludes functionality such as moisture control, and intelligent
packaging, which incorporates features that indicate prod-
uct status and other information [2].
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tegrating NFC tags to verify authenticity is another example.
Other smart packages combine communication with func-
tionality, like self-cooling beer kegs or self-heating soups
and coffees [5].

There is a long list of various “smart materials” that enhance
smart packages. These include shape memory alloys to con-
trol the opening and closing of packages depending on en-
vironmental conditions, piezoelectric materials to provide
power for lighting and audio features on packaging, smart
adhesives that can be used in conjunction with smart labels,
and thermochromic inks to show when optimal or danger-
ous temperatures have been reached [5].

Using AR technology, every packaging can be smart. The AR
technology allows the identification of labels on the pack-
aging through the mobile device’s camera and provides
additional information or starts interactive content from the
database based on the given information.

NFC

NFC is short-range wireless communication technology. It
can be compared to mobile technologies such as 3G, 4G,
WiFi, but NFC is using a different frequency, a different level
of power supply, and a communication protocol that per-
forms differently sending and receiving information. NFC
tags can communicate at a distance of just a few centime-
ters. Thanks to this technology, interaction with the envi-
ronment and information about it are enabled so that NFC
tags can be placed on everyday objects such as bus stations,
product packaging, posters, magazines, and more. Informa-
tion about these objects can be shown through mobile de-
vices that can read NFC tags. NFC allows a portable device,
most often within a mobile phone, to retrieve data from an
NFC tag or other NFC device at a very close distance [6].

The use of NFC increases significantly and evolves, especially
in the field of packaging. Initially, it was only used only to
track the products, but now it has come to the point that
several new concepts have been developed that integrate
the physical world with the virtual [7].

For codes printed in the form of printed electronics such as
RFID and NFC tags, conventional inks are not used, and the
reading principle itself is different. The printing of electron-
ics is done directly on the surface of already existing physical
objects or in some cases in/under the surface. Innovative
electroconductive inks are used, which can provide the re-
quired layout of the printed object, electrical conductivity
and durability. Electroconductive, so-called “silver inks”, con-
tain transparent silver nanoparticles that achieve an electri-
cal resistance of 200 milliohms (mQ) per square centimeter
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in a few minutes of printing. These inks do not require curing
or other treatment for most surfaces. It can be printed on
surfaces such as polyester, synthetic polymer, coated paper
and rigid substrates [8].

Augmented Reality

The term “Augmented Reality” was coined by Caudell and
Mizell [9] in 1992, as superimposing computer-generated
images onto an environment creating a mixed reality [10].
Unlike virtual reality, which creates an artificial environment,
AR uses the existing environment and overlays new informa-
tion on top of it. That means AR requires less computation
resource than Virtual Reality (VR) because it only needs to
render the overlaid objects instead of every pixel on the
screen.

AR combines real and virtual, it is interactive in real time and
registered in 3D [11]. AR combines real and virtual means of
information or animations which are displayed on the same
screen as the user sees the actual world through, to enhance
what the user can see and read out from real-world objects.
Interactive in real time means that the user can interact with
whatever information is displayed in the AR system.

Comparative Overview of Technologies

To better understand the possibilities of using these tech-
nologies in the packaging industry, their significant charac-
teristics will be presented in this section. Table 1 summarises
the main characteristics of the technologies related to their
application in smart packaging. In terms of the time required
to activate the content, the characteristics of both technolo-
gies are extremely advantageous. Regarding the range, NFC
is a short-range technology and the device for reading the
information must be up to 10 cm away from the product [7].
AR technology, depending on the quality of the mobile de-
vice camera, can read the information up to several meters
away from the product. Regarding usability and selectivity,
the technologies are equal and enable easy intuitive and
fast use with high data security. Techniques differ in cases of
using. Unlike AR technology, NFC can be used for payment,
getting access, sharing content etc. AR can be used for ad-
vertisement, object recognition etc. Both technologies are
easy to set up. From the consumer experience perspective,
NFC is characterized by the need for the user to touch the
product with the smart device, and it will very easily obtain
information through that touch. AR technology is character-
ized by the putting products into the world of 3D comput-
er-generated content on the mobile device that provides
live product information [12].
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Table 1 The main characteristics of the NFC and AR technologies

Technology NFC AR
Set-up time <0.1ms Depends on the mobile
device, minimum 0.1s
Range upto10cm Depends on the
mobile device camera,
minimum approx. 5
cm, maximum approx
150 cm
Usability Human centric, Human centric, easy,
easy, intuitive, fast intuitive, fast
Selectivity High, given, High, given, security
security
Usage Pay, get access, Advertisement, object
share, initiate ser- recognition, easy set up
vice, easy set up
Consumer Touch, wave, simply 3D, live information
experience connect

Way of implementation of technologies in
smart packaging

NFCimplementation

With the simultaneous development and innovation, there
is a growing NFC technology application in the packaging
industry. Modern packaging ensures the stability of goods
in it, requires less material, less waste, and facilitates the han-
dling of goods. By connecting more modern technologies
and working methods, we can, at any time, reach informa-
tion about the product, its quality, its characteristics and the
method of transport and storage.

The Diageo compay set up NFC chips for a type of alcoholic
drink“Johnnie Walker Blue”. Customers who have an NFC-en-
abled phone can read the information from the NFC on the
label and find out if the bottle was in some way misused, i.e.
opened. Customers can also receive personalized messag-
es, promotional offers and recipes for cocktails, as shown in
Figure 1 [13]. Another advantage is that certain information
could be read while the product is still on sale, and other in-
formation is displayed when the sensors show that the bot-
tleis open.The innovation was created by the cooperation of
the companies “Thinfilm” and “Diageo Technology Ventures’,
where the patent “OpenSensel” technology allows the use
of NFC applications in smartphones. This allows the bottle to
be tracked through the entire chain of sales, storage and the
opening and opening times, where the sensor remains leg-

ible even if the factory shutter is broken, thereby providing
additional security in the authenticity of the product [14].

Figure 1. An example of the NFC use on a“Johnnie Walker Blue”
bottle
The following example is the glass packaging for the French
cognac“Remy Martin’, which features an NFC chip on the lid.
Users can receive information using an NFC enabled smart-
phone, Figure 2 [13].

=Y

Figure 2. An example of the NFC use on a“Remy Martin” bottle

The loaded information is whether the bottle is genuine
when the bottle is opened and more details about the drink
itself, Figure 3 [13].
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Figure 3. Product information status loaded with NFC technology

The Stora Enso company enabled the integration of NFC
technology, in cooperation with NXP Semiconductors, to
monitor its products through the entire supply chain, and
to provide users with more information about products and
their authenticity. Smart packaging is used for product pack-
aging, so Figure 4 shows an example of smart packaging
with an applied NFC chip. A bottle of champagne is shown
which serves as an ice bucket with light effects to contribute
to the visual effects.

The goal is to provide much more information about the
product and its safety to customers and to the owners of the
brand, detailed analysis of where and when their product is
located and about real-time consumer activities [15].

Figure 4. An example of smart packaging with NFC label

One example is the potential for pharmaceutical labels to
include NFC technology to help patients better understand
the instructions for taking their medication. These labels
could also communicate potential side effects and tell the
consumer when to see a doctor.

Another example that should make brands take notice: NFC
could be used to help cut down on counterfeit goods. A
consumer could scan the NFC label on a product with their
phone, which would tell them if the product is authentic.
NFC tags could provide other benefits to consumers, too
- such as clothing labels that connect users to a Pinterest
gallery showing real customers wearing the clothes. Or, the
tag could provide customer service functions like contact in-
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formation for product feedback.

NFC does work with no need for an internet connection.
The data is stored inside the NFC tag and is readable with a
smartphone app.

From the price point perspective, we see significant reduc-
tions in the cost of NFC tags. New developments in flexible
electronics are allowing the production of NFC tags at an
order-of-magnitude lower price than ever before, as well as
radically reducing the value of the assembly processes used
to produce tags and inlays. There is a demonstrable route to
the much-touted one cents tag, the price point at which NFC
is predicted to move from a premium product feature imple-
mented at limited scale or only on high-value products, into
the everyday high volume, low-cost Fast-moving consumer
goods (FMCG) packaging.

From the technology development perspective, there is an
increase in developing NFC readers for consumers’ phones.
In the year 2017 Apple iOS11 has finally opened up its NFC
APIs, allowing third-party apps to read NFC tags using the
latest iPhones. It is possible that at the end of the year 2018
over 50% of iPhone users will be able to read NFC tags. An-
droid phones have had this functionality for some time, but
although iPhones represent a smaller percentage of the
smartphone market, Apple’s move is nevertheless a signifi-
cant development for brands looking to leverage NFC tech-
nology and smart packaging for consumer engagement
[16].

AR Implementation

From a marketer perspective, AR is an image recognition
technology that enables you to add digital content and in-
teractive experience over your physical touch points (Prod-
uct Package, Marketing collaterals, Printed ads, etc.). The
customer unlocks the digital contents through scanning the
item with smart device camera (Smartphones, tablets, glass-
es etc.) using an AR enabled application.

Besides adding objects to a real environment, AR also has
the potential to remove them (Figure 5). Graphic overlays
might be used to remove or hide parts of the real environ-
ment from a user. For example, to remove a packaging (to
see the product inside) in the real environment, draw a rep-
resentation of the real product and space inside of the pack-
aging in front of it, actually removing packaging from the
user’s sight. Removing full packaging and present it interac-
tively in an AR system will be much harder, but this removal
may not need to be photorealistic to be effective [17].
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Figure 5. AR Smart Packaging Concept

For instance, a user might look at a food packaging and is
provided with information about the food manufacturer
and by clicking on this information the user can get the oth-
er food product list or the manufacturers website (Figure 6).
Registered in 3D means that virtual information is displayed
and aligned with the real-world object [17].

Figure 6. Food product and AR app

In 2015 the Belgian brewery Martens Beer came up with a
creative promotion for a new flavor of its beer. In partnership
with a popular Belgian television show, the company printed
AR -enhanced images of the show’s characters on the bot-
tles. When scanned with a smartphone (with the brewery’s
app installed), the character on each bottle would speak
to the consumer (Figure 7). The campaign added a novelty
touch to the new beer flavor and helped increase consumer
engagement with the brand [18].

The novelty aspect of Martens Beer’s AR campaign may grow
thin if consumers are flooded with smart packaging that fo-
cuses on the “cool” factor, rather than function. But the good
news is, with a little refocusing smart packaging can provide
real-world benefits to consumers and brands alike.
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Figure 7. Martens Beer and AR app

While smart packaging hasn’t reached mainstream status
yet, its potential for consumer engagement and commu-
nication makes it an attractive addition to the marketing
toolbox. Today there are many examples of the use of AR
technology in smart packaging for marketing purposes (Fig-
ure 8).There are also great tools for developing such applica-
tions for smart packaging like ZapWorks [19].

/ - 4
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Figure 8. Examples of AR mobile applications for smart packaging

If the AR data is stored on smart device, the AR app does
work with no need for an internet connection. But if the da-
tabase for targets is huge, the data must be stored in the
cloud. In that situation, for an AR experience the user does
need an internet connection. For GPS features data also can
be stored locally, but if the database for GPS coordinates is
huge, internet connectivity is a must.

One of the other advantages of AR is its low cost. Besides the
costs related to developing the app itself, Augmented Real-
ity doesn’t involve any other expenses. No need to redesign
or redevelop your packaging. All you need is a packaging
design for a target, and the product is ready [20].

AR can be used for premium products or high-value
products, as well as into everyday high volume, low-cost
Fast-moving consumer goods (FMCG) packaging.

From the technology development perspective, there is an
increase in developing AR-enabled phones. There are many
AR applications in use or under development today, howev-
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er - the concept will only take off universally when the user
experience designers think about how they can integrate AR
with daily life to improve productivity, efficiency or quality
of experiences. In the year 2017 in i0OS11 Apple has finally
introduced ARKit, a tool for developing AR native iOS apps
in Swift, the programing language for Apple software prod-
ucts. Also, the new Apple smartphones lineup presented in
2017 Apple event had dual cameras which can enhance AR
experience. Earlier models of iPhones and Android phones
have had this functionality for some time, but now AR will be
more and more reliable technology because of better cam-
eras and processors of smart devices [21].

Concepts of technology application and
expectations for furture developmentC

NFCand AR concepts of smart packaging that are developed
at the Department of Graphic Engineering and Design are
shown below.

NFC SMART PACKAGING APPLICATION CONCEPT

To develop a website with product information when read-
ing the NFC element on a smart packaging an HTML (Hyper-
text Markup Language) was used to create the basic page
structure.

By defining the elements on the webpage with HTML, their
styling with CSS, the starting pages for three different prod-
ucts were made, showing that the packaging of the product
is genuine and unopened, Figure 9. The first HTML page,
which would be opened by reading from the NFC tag, con-
tains several basic information and a product photo.

<img src="images/or.png” id="cream” alt="hand cream” >
<h1>Hand cream </h1>

<p class="tekst”> The product packaging is original and
unopened. <br>

<span>° Expiration date:</span> 12th September 2020<br>
<span>°Serial number:</span> 44441234<br> </p>

In the given case, two selectors can be seen to serve fur-
ther CSS stylings, such as a class selector and ID selector.
The element <h> serves to mark the title. The <p> element
serves to mark the paragraph. The <span> element is used
to stylize short texts that differ from the rest of the text. The
<img> element is used to refer to a raster image, that the
web browser will show.
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For this work, two applications have been used for pro-
gramming NFC. “NFC Tools” which proved to be the fastest,
with the possibilities needed for this work (Figure 10) [22].
Using this application, it is possible to program the desired
options. The other application required to perform the pro-
grammed options is “NFC Tasks” [23].

o

NFC Tools

READ

o Add a record
Q More options

@ Write / 46 Bytes

URL : 46 Bytes

rs
C hitp/5237.236 254 /proizvodi php? v
s zse

Figure 10: Appearance of the “NFC Tools” application during the URL
adding

fter launching the application, the write>add and re-
cord>URL/URI options are selected and the address is en-
tered in the marked field: http://52.37.236.254/proizvodi.
ph p?id="44441234". For the web server, the HTTP server
“Apache’, version 2.4, was used (Figure 11). After that, it is
only necessary to bring the NFC tag close to the device with
is entered data and automatically copy it to the memory of
the label. Creating a database of products can be done in
many ways. In this case, connecting to the database server
was done using the MySQL Workbench tool. When the NFC
tag accesses the website, through PHP, one SELECT query
is executed in a database that obtains the necessary data
based on the entered ID or the serial number of the product.
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Certain website data for displaying product information
when reading the NFC element is located in the database, so
itis necessary to create a link between static pages written in
HTML and the database itself. In this case, the PHP scripting
language was used, which can connect to the database and
display the data. Below is a section of the PHP code to link
the database with the HTML page.

<2php

// Creating a connection

Sconn = new mysqli(Sservername, Susername, Spassword,
Sdbname);

// Checking the connection

if (Sconn->connect_error) {

die(“Connection failed: “. Sconn->connect_error); }

7>

Part of the PHP code of the page “products.php” through which
the data from the database is obtained:
require_once(‘db_connect.php’);

Sid=S_GET['id"];

if (isset(Sid)) {

Certain website data for displaying product information when
reading the NFC element is located in the database, so it is nec-
essary to create a link between static pages written in HTML
and the database itself. In this case, the PHP scripting language
was used, which can connect to the database and display the
data. Below is a section of the PHP code to link the database
with the HTML page.

<2php

// Creating a connection

Sconn = new mysqli(Sservername, Susername, Spassword,
Sdbname);

// Checking the connection

if (Sconn->connect_error) {

die(“Connection failed: “. Sconn->connect_error); }

7>

Part of the PHP code of the page “products.php” through which
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the data from the database is obtained:
require_once(‘db_connect.php’);
Sid=S_GET['id"];

if (isset(Sid)) {

AR Smart Packaging application concept

The following applications were used for the development
of the AR smart packaging application: Unity 2018.1.0f2
which has an integrated platform for AR called Vuforia. The
Vuforia developer website was used for AR target creation,
Xcode 9.4.1 was used to build an application for an iOS de-
vice, as well as Adobe lllustrator CC, Adobe Photoshop CC
and Sketch for creating an application design interface.

Figure 12. Smart Packaging Application in Unity

The basis of this application is the special QR code consist-
ing of fields printed with conventional inks and fields printed
with irreversible thermochromic inks that disappear if they
reach the higher temperature in the ambient than the acti-
vation temperature (for the used type of ink 300C). Develop-
ing code for this type of smart packaging labels was shown
in a previous research project [24].

Smart labels are applied to existing packaging, where the
first target is the segment of packaging design side to the
applied label, second is the non-activated label code design,
and the third is the label code in the activated form. In this
way, the device recognizes the product and the status of the
label code, and by linking these two information together
gives the freshness state of the product. For example, if the
frost product is concerned, activating the thermochromic
ink will signal that the product was thawed during storage,
and because of that, it is not fresh anymore.

Parts of the user interface design were created in Adobe II-
lustrator, and integrated into Ul the design software Sketch
(Figure 14). Finally, the user interface design from Sketch is
used in Xcode.

It can be seen that based on the GPS location, additional
information about the identified product is also loaded on
the interface, such as the price, the declaration, the store, the
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expiration date (Figure 15).
In order to build the application on a mobile device, Xcode
9.4 and the programing language Swift were used (Figure

13).
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Figure 15 shows View Controllers in Xcode with the applica-
tion interface screens. The “Scan” tab allows you to launch
an AR camera that recognizes the product and its freshness
and prints data within the “Info” tab. Below is the code that
is associated with the View Controller “Scan” tab (Figure 16)
and “Scan” tab in use while the application is running on
smartphone (Figure 17).
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override func viewbidLoad() {
super.viewdidLoad(

7
77 SecondviewController.swift
77 GRID AR sceneView.delegate = self
7 configureLighting()
77 Created by Stefan burdevié on 9/13/18. b
77 Copyright © 2018 GRID. ALL rights reserved. Func configureLighting() {
sceneVicw. autoenablesDefaultLighting = true

sceneView.automaticallyUpdatesLighting = true

inport Foundation
import UIKit
inport ARKit

override func viewillappear(_ animated: Bool) {
super.viewillAppear(aninated)

class SecondViewController: UIViewController {
resetTrackingConfiguration()

override func viewillDisappear(_ animated: Bool) {
super.viewnillDisappear(animated)

@IB0ut let weak var sceneView: ARSCNView!
sceneView session.pause()

@IBOutlet weak var label: UILabelt

@Baction func r _ sender: UTBar 1
let fadeduration: TineInterval = 0.3 FesetTrackingconf iguration()
let rotateDuratior imeInterval = 10
let waitDuration: TimeInterval = 0.5 func msclTrackmuCn"flguralmn() {
quar RRefer pNamed: AR

Resource: bundler nil) cise { resurn 3
Tet configuration = ARWorldTrackingConfiguration()

Lezy vor fademndspinaction: sauAction = {
retu
configuration. detectiontnages — refercncelnages

seauence
+fadeIn(duration: fadeDuration),
CrotateBy(x: O, y: CGFloat.pi + 360 / 60, z: 0, duration: rotateduration), Let options: ANSession.Rungptions = [ resetTracking, . renovebxistinganchors]
‘wait(duration waitburation), e ns)
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Figure 16. AR View Controller Swift language code in Xcode
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Figure 17. AR Smart Packaging App Demo
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Conclusion

One of the main disadvantages of NFC technology, which
relates to the packaging industry constraints, is a limited
number of devices that support NFC, unlike AR technology
that can read all kinds of printed codes with image recogni-
tion technology with any mobile device that has a built-in
camera. Also, while codes with legible AR technology can
be printed with any printing technique using different types
of inks and surfaces, NFC tags require special printing tech-
nique and inks. The lack of NFC packaging in the packaging
industry can also refer to the consumer’s understanding of
the additional packaging costs, i.e. the product itself, and in
addition to the possibility of mistrust or confusion regarding
NFC technology. For example, if the packaging lasts both the
printed expiration date and a visual indicator of the product
freshness, the buyer can come to the confusion were to pay
attention. When it comes to AR technology, the customer
has no sense of additional packaging costs because instead
of a special technology, image recognition technology is
used, and it is more similar to barcodes readers. Regarding
the environment and consumer attitudes towards packag-
ing, the opinions are somewhat confusing and contradicto-
ry. There is a growing concern about the amount of waste
generated by the smart packaging, but at the same time
consumers desire for new, attractive packaging solutions
is growing. Also, future consumers, more aware of their en-
vironment, who follow a particular lifestyle, can react neg-
atively to increased waste and lack of recycling capabilities
for one-off smart packaging products.

The NFC concept shows that it's very simple to create an NFC
application for reading content from smart packaging. As
far as the expectations related to the development of NFC
technology in smart packaging are concerned, we can hope
for more information that can be placed on the tag, better
encryption, i.e. data protection, while there are no expecta-
tions for the significant change in interactivity and attrac-
tiveness in use for the packaging industry.

The AR concept of the smart packaging shows that it is pos-
sible to create an application for reading content and check-
ing the product freshness in smart packaging using smart
labels. Current technological advances ensure the imple-
mentation of such a control system. In the future, we expect
the fall in prices of smart inks for printing smart labels and
greater development of AR. Advances in powerful CPU, cam-
era, accelerometer, GPS, and solid-state compass are present
in all mobile phones today, making them the best hand-held
platform for this AR system. However, their small display size
is less than ideal for 3D user interfaces, but it is expected
that in the future this system will be able to adapt and head
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mounted displays (HMD) and spatial displays.
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