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Abstract

Machine-Readable Codes (MRC) have been used for several purposes over the years and classic

approaches like the bar code or the QR Code can be seen everywhere in our day-to-day. However,

more recently, a new MRC was created with the ability to combine the communication power of

classical methods with a meaningful improvement on aesthetics and data capacity. This method is

named UniQode.

The UniQode has two major advantages over classical MRCs: aesthetics and larger coding ca-

pacity. Consequently, it opens new possibilities for several purposes such as product identifica-

tion, tracking, marketing and seller-buyer communication. This new MRC method is composed

by several elements, one of them being the Graphic Code (GC). This element can be created in two

different ways, either with pixels or with icons, or, sometimes, both.

The pixel-based GC has been extensively researched and its accomplishments will be presented

in this document. However, the icon-based GC still represents a new concept with a mostly un-

structured creation method.

In this dissertation, the proposed work encompasses not only a formalisation of the generation

method for icon-based GC, but also the creation of a tool for this type of encoding process, in order

to quicken this operation while also generating its formal documentation.

With the achievement of the proposed work, the industrialisation of this type of code is made

possible and facilitated, and future work on this area is widened. Such work could comprise the

development of a corresponding decoding tool, the enhancement of this project’s tools abilities,

among other aspects.

Keywords : Information Coding, Graphic Code, Machine Readable Code, Aesthetic Coding,

Cryptography.
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Resumo

Códigos Lidos por Máquinas ( Machine-Readable Codes - MRC) têm sido usados para diversas

finalidades ao longo dos anos, e abordagens clássicas como o código de barras ou o código QR

podem ser vistas frequentemente no nosso dia-a-dia. Contudo, mais recentemente, um novo MRC

foi criado com a capacidade de juntar o poder de comunicação dos métodos clássicos com uma

melhoria significativa na estética e na capacidade de codificação. Este método é designado por

UniQode.

O UniQode possui duas grandes vantagens sobre os MRCs clássicos: estética e maior capaci-

dade de codificação. Consequentemente, abre novas possibilidades para diversas finalidades, como

identificação de produtos, rastreamento, marketing e comunicação vendedor-comprador. Esse

novo método MRC é composto por vários elementos, sendo um deles o Código Gráfico (Graphic

Code - GC). Este elemento pode ser criado de duas formas diferentes, com pixéis ou com ícones,

ou por vezes com ambos. O GC baseado em pixéis foi amplamente estudado e os seus resultados

serão apresentados neste documento. No entanto, o GC baseado em ícones ainda representa um

novo conceito, com um método de criação não estruturado.

Nesta dissertação, o trabalho proposto abrange não só a formalização do método de geração de

GC baseado em ícones, mas também a criação de uma ferramenta para este processo de codificação,

de modo de agilizar esta operação e gerar a respetiva documentação formal.

Com a realização do trabalho proposto, a industrialização deste tipo de código torna-se possível

e é facilitada, e o trabalho futuro nesta área é ampliado. Esse trabalho engloba, por exemplo, o de-

senvolvimento de uma ferramenta de decodificação correspondente, o aprimoramento das funções

deste projeto, entre outros aspetos.

Palavras � chave : Codificação de informação, Código gráfico, Códigos lidos por máquina,

Codificação estética, Criptografia.
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1
Introduction

1.1 Context

Generally speaking, similarly to the constant evolution of the humankind, the technological

development has followed several different paths, some of them exist to improve society, and

others to hinder it, and, in the case of this dissertation, for each mechanism created for tax-evasion

and product forgery, there needs to be a way to counteract it.

Consequently, to create a way to accomplish these goals, the Imprensa Nacional-Casa da Moeda

(INCM), and the University of Coimbra together, carried out a research and development project

so as to find new ways to avoid counterfeiting, and the consequent tax-evasion, and to ensure not

only product authenticity, but also consumer protection.

Everyday new products are created and branded, money is spent on its marketing and adver-

tisement and, to make sure the companies work is paid off, new technologies are needed to enable

product verification and authentication, and always with the goal of improving vendor-buyer com-

munication. These technologies need to be cheap and easy to implement, very secure, and, if

possible, with the added benefit of improving the product’s aesthetic value, and not hinder it.

With the goal of improving the said technology that allows product tracking, facilitates logistic

processes and hinders its forgery creation, Machine-Readable Codes (MRC) were created more

than 60 years ago. These types of stenographic codes allow each product to have it’s own unique

identifier, which in turn facilitates traceability by communicating confidential textual information

through an image [21].

As experience shows, one of the most commonly used MRCs is the 1D bar-code (figure 1.1a).

This MRC is very simple and quick to encode and decode, and very useful for short messages,
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Generation of Icon-based Graphic Codes

which explains its wide reach. As a consequence of its popularity, however, it became necessary

to strictly standardise their creation so as to avoid a multitude of conflicts, such as having the

same code identifying two different products. Therefore, this problem was then solved by the

foundation of the GS1 organisation1 with the main purpose of creating a coherence between these

types of codes.

Later in time, however, when it became necessary to encode slightly longer messages, the codes

ventured into the 2D, and options such as the QR Code (figure 1.1b) were created [26]. A compar-

ison between the bar-code and QR Code sizes is shown in figure 1.2, where a QR Code can hold

the same amount of data contained in a 1D bar-code in only one-tenth the size [26].

(a) 1D Bar Code [24]. (b) 2D QR Code [26].

Figure 1.1: Machine-Readable Codes.

Figure 1.2: Size comparison between 1D bar-code and QR Code [26].

Whereas these codes were considerable innovations for the time, they still had a drawback in

common, and that was that none of them were visually appealing, with only black and white bars

or pixels.

As a result, some techniques to improve code appearance were developed, such as colouring

some of the code pixels or embedding some pixels of a picture in the actual code. These new

options were, in fact, an improvement, but they were still not very visually pleasant, that is, they

did not have a good enough aesthetic component, since examples like the QR Code still had to

have quite a large area of mandatory elements (3 big squares and 1 smaller one, as show in figure
1Global Non-Profit Organisation that defines standards for bar-codes and RFID tags, so that there is a general con-

sensus on the industry for these codes generation [24].
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1.3). On one hand, these elements are important for a quick detection and decoding but, on the

other hand, they make the code visually unappealing and inadequate whenever the code’s aesthetic

aspect is an important factor in the product it is applied on.

Figure 1.3: QR Code Modules [26].

This challenge to improve appearance and data capacity was taken by Instituto de Sistemas e

Robótica da Universidade de Coimbra (ISR) investigators, together with the INCM, and then, as a

consequence of a research and innovation project, the UniQode® 2 was created.

This innovative new way to encode messages joins several elements (hologram, Graphic Code,

glitter printing) to make up a final complex and visually appealing code (since it does not resemble

a typical code) that is also very hard to forge [16] (figure 1.4). Along with this new code, the

communication with consumers was also improved by providing them a way to, by themselves

through a phone app, check if any product, that the code is implemented on, is authentic or a

forgery [16].

(a) Validation stamp of Portuguese tobacco
(The grey strip is the hologram part of the

UniQode). (b) Graphic Code.

(c) Graphic Code using Pixels. (d) Graphic Code using Icons.

Figure 1.4: Validation stamp of Portuguese tobacco - composing elements of the UniQode [16].

2A patent for this product was applied for.
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Herewith, the methodology developed for the Graphic Code element of UniQode allowed for

it to be applied both with pixels and with icons (figure 1.5). This enabled a way to a greater

exploration of UniQode’s aesthetic strand.

(a) Pixel-based Graphic Code [15]. (b) Icon-based Graphic Code.

(c) Icon and Pixel-based Graphic Code [17].

Figure 1.5: Types of Graphic Codes.

The main difference between pixel-based and icon-based GC is that the first one is composed

by only contrasting pixels (black and white in the case of figure 1.5a) and encoded with a halftone

method (further explained in section 2.1), where the pixels are normally distributed in an orthonor-

mal structure (mainly matrix-type structures); and the second one is composed solely by icons and

the encoding method begins by associating a sequence of icons to certain information in a much

more flexible structure, since the icons do not have to respect a orthonormal structure, as we can

see in the example in figure 1.5b. Furthermore, there can also exist codes that incorporate both

elements, as we can see in figure 1.5c.

1.2 Motivation

As we saw previously, the UniQode has several composing elements and, with the possibility of

each of these being widely variable, there are infinite different codes, in practical terms, that could

be created with this method, which, in turn, deems it as a very time-costly and abstract process.

4
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With creation processes like the referred above, the industrialisation of this type of codes is

almost impossible to accomplish without setting a standard or exercising some control when it

comes to the design options (just like the GS1 organisation standards were needed to make the

generation of bar code, QR Code, data matrix, among others, coherent everywhere). In other

words, if there are infinite possibilities of the outcome, the industrialisation of the code for practical

use becomes almost impossible and, therefore, the development of such a complex code becomes

essentially meaningless.

As a result, the need to give more structure and guidelines to the generation of each code, and

keeping variables such as the printing process and the codes physical size inmind, originated a need

to develop an architecture that can join all of the above in a single place for an easier, quicker and

more organised way of design. Consequently, that revolves around an user-interaction platform,

with the purpose of helping guide and focus the creation process itself.

Furthermore, this work has a big component on the formalisation of the amounts of information

that fit in each visual identity that can be widely explored. Above all else, the icon-based GC has a

very high aesthetic component that has yet to be explored, which makes it an appropriate UniQode

component to focus on, in particular.

1.3 Goals

Although current UniQode codes and other MRCs have been showed to respond to general

needs, the icon-based strand, which is a solution tomost aesthetic needs, hasn’t yet been profoundly

explored (figure 1.6 shows an example of a recent prototype developed by the INCM). In addition

to that, it is necessary to have more control over the developed output codes, so as to formalise

their creation and enable an easier industrialisation process.

Therefore, from the information stated previously, the goal of this dissertation is to design a well

lined framework, with well defined inputs, calculations and outputs, in order to allow the devel-

opment of a standalone application to guide the creation and generation of the codes themselves,

as well as to help create more aesthetically pleasing codes that, not only can encode more infor-

mation, but also create a communication bridge between the producers and the consumers to help

counteract product forgery, while exploring the marketing and communication potential of such

codes.

Consequently, the above includes the development of the creation modules, and the definition

5
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