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Abstract Inmost of the surrounding discrete products, style
plays a very important role. Specifically, color has a great
impact in the visual perception, and its meaning can vary
depending on the context where the product is located. Any-
way, there are not dedicated applications devoted to support
designers during this activity of color selection in the con-
ceptual stage of the product design process. In this way, this
paper presents the development and evaluation of a software
platform that allows the user to choose a scheme of colors of
a product concept using a Natural User Interface (NUI) in a
3D scanned context. In addition, the NUI was validated and
evaluated with a case study oriented to compare the scheme of
colors, for a conceptual product, selected by product design-
ers, an expert panel and the target user in order to prove that
this interface can enhance the process of color selection dur-
ing the concept stage of the product design process, with
regards to a traditional selection process with images and
user profile.

Keywords Color selection - Natural User Interface -
Conceptual design - Virtual window

1 Introduction

According to French during the conceptual stage of the prod-

uct design process, a statement of a problem is defined,
generating a wide range of solutions in form of concepts
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which are evaluated in order to select one concept to be fur-
ther developed in a product [1].

Pahl et al. define the conceptual design as a process where
through the identification of the essential functionalities
related to the solution of the problem, using the abstraction
and combining working principles into a working structure,
a basic solution path is laid down [2]. In this way, conceptual
design specifies the principle of solution.

One of the main characteristics of the conceptual phase is
that it is based on decision-making activities that are crucial
for the final product success. These stages affect to a larger
extent the quality, cost, time and success of a product in
the market [3]. In addition, the cost of either fixing errors
or making changes to a design escalates dramatically as the
design advances in the product life cycle [4].

The first stages of the product development process have a
high influence in the success of the product because important
characteristics like its appearance, properties and function-
ality are defined [5]. Therefore, it is easier to make changes
during early stages and making good decisions can save
money and time [2]. Anyway, there are limited computa-
tional tools available to provide better support to the designer,
especially at the earlier stages of the process [6].

On the other hand, the highly competitive market is oblig-
ating enterprises to develop products with a strong emphasis
in the style and image perception [7]. Tsai et al. define style
as a combination of form and color in the image or sensation
of a product [8].

Also, color is a fundamental variable when a user decides
whether (s)he likes a product or not. Besides, surrounding
user’s products have reached a mature phase and different
available products do not vary much in functionality, there-
fore style plays a very important role in the purchase decision.
It also has been demonstrated that color has a greater impact
than form on consumers’ perception [9]. Therefore, itis more
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effective and less resource consuming modifying a prod-
uct’s color that generating a variety of products with different
forms [8].

1.1 Tools for color selection

In design as in other productive processes, the tools and
techniques are determinant in the results since they directly
influence the way the product itself is conceived. Thereby,
the way in which products are conceived is largely influenced
by the used tools [1]

However, several previous studies are related to support
systems for the color selection based on Grey Theory [10],
Harmony Theory [8] and the use of the Neuronal Network.
These systems use a relatively small data base created from
users’ and designers’ opinions [7]; but the product’s context
is not fully considered.

Further, Elliot and Maier presented the Color-in-context
Theory where the main idea is that color carries different
meanings in different contexts and, therefore, it has different
implications for feelings, thoughts and actions in different
contexts. Also, the context reflects and has the elements that
show more information about the user that can be useful to
the designer at the color selection activity. Therefore, context
has an influence over the color decision [11].

When design tools used in the process are updated, new
interactions are open, facilitating and increasing the possi-
bility for the designer to make easy color selection. Further,
Bowman et al. presented an overview of three-dimensional
(3D) interaction and user interfaces and they have shown that
a Natural User Interface (NUI) should be used when a repli-
cation of the real word is important and it is necessary to
limit the degrees of freedom in order to guide user’s input.
Anyway, it was not stated whether a standard for 3D inter-
faces will be practical and how these techniques can affect
the user’s sense of presence [12].

1.2 Conceptual design stage in product design

A conceptual design stage review, for three different well-
known methodologies, is presented here in order to contex-
tualize and get the requirements needed to the development
of the proposed interface [2—4].

In general the conceptual stage can be divided in three
different steps:

(a) Clarify the problem Different activities in order to iden-
tify the problem and its boundaries, what the goal is
and the different interactions between the elements with
techniques such as functional structure.

(b) Generation of concepts This step could be divided in two
sub-steps.

@ Springer

— The search of a possible existing solution, both exter-
nally and internally. The external solutions refer to
existing solutions such as patents and the internal
solutions are generated by an analysis of the prob-
lem.

— Combination of available solutions and configuration
in several concepts.

(c) Concept selection Evaluation of the previously generated
concepts against different criteria in different aspects, in
order to determine the value of one solution with respect
to an objective. Pugh proposes an extended list of 32
elements in different aspects such as performance, main-
tenance, shipping, product life, etc. [13].

1.3 Evaluation of aesthetics and color in conceptual
products

The evaluation of a product involves a demonstration of
the designer’s work and the visualization should show that
the design fits spatially and aesthetically into its environ-
ment [14]. Besides, product design evaluation is important
to get feedback from the user’s perception in different
fields such as functional, aesthetical or usability and to
make sure that the product characteristics meet the user’s
needs.

The aesthetics is characterized by the feelings of (dis)like
based on a sensorial perception and it is just a part of
the product experience levels. Understanding and emo-
tional levels deal with human mind faculties [15]. It is also
known that the designed things do not exist in the vac-
uum, instead they are in dynamic relationship with people,
places and other things that carry personal, social and cul-
tural connotations, and that experience changes over the time
[16].

In addition, the evaluation of aesthetics does not often
consider the context in which the product will be located and
this can affect the way in which the user perceives the con-
cept because it has been proved that color carries different
meanings in different context and therefore, it has different
implications for feelings, thoughts and actions in different
contexts [11]. The context is full of information about the
user, his or her preferences, products and colors. Also, peo-
ple tend to surround themselves with artifacts that reflect their
self-image (houses we live in, the cars, even dogs). Together
all the pieces make up the visual image we project of our-
selves [3].

Therefore, the elements to be considered in the evalua-
tion of a product are: its concept, user and its context. These
three elements are all related and influenced among them and
they need to be considered when a product evaluation is per-
formed, as their interaction defines how a product will fit in
its life cycle.
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1.4 Interactive design

The concept evaluation stage plays an important role because
it is the filter that defines the main product concept that will
continue the design process. In this stage several properties
are evaluated regarding to industrial, ergonomic and aesthetic
aspects, among others, and some of the properties such as
aesthetics, appearance and finish require the interaction with
the context in which the product will be located in order to
obtain a full perception. This context reflects the user’s self-
image [3].

This project makes efforts in the ideal engineering support
system to allow the user to feel and act over a virtual product
as in the real life. It consists in guaranteeing the perceptual
relations between the user and his/her future product through
high realistic simulation [17].

In brief, this research is devoted to the development of
a NUI to interact with virtual concepts in virtual contexts,
simulating the scale and rotation of both context and product
accordingly to the user position, and to allow the evaluation
of their aesthetics, appearance and finish materials and to
select a combination of colors. The proposed NUI allows to
include the user into the context and to observe the interac-
tion between them and how the product fits in its context.
This allows the designer to make decisions based on the
natural interaction of the product concept and the user con-
text.

Next section describes the features of the NUI and the
used strategy for its development. The NUI metaphor, its
implementation and the whole system are described, explain-
ing how the NUI interacts with the 3D modelling software
and the different libraries. Section 3 presents the setup of
the experiments to evaluate the functionality and applica-
bility of the NUI, comparing two interfaces and two design
case studies, which are presented in Sect. 4. The results are
described in Sect. 5 and conclusions about the development,
implementation and perception of the NUI are presented in
Sect. 6.

2 Proposal of NUI for color selection

The Natural User Interface (NUI) is described as an user
interface that remains hidden and allows to quickly learn
complex interaction. It lies in the created experiences in the
use of the technologies, fosters better mirror human capaci-
ties, optimizes the path to apply expertise to given contexts
and tasks and fulfills the user’s needs. Further, the “Nat-
ural” aspect refers to the user’s behaviour and feeling during
the experience rather than the interface being product of an
organic process [18].
In this way, main requirements for the NUI are:

— The interface requires an integration with the software
used to visualize the concept as rendering software or
3D modelling software.

— The visual interaction with the context needs to be sim-
ulated.

— The color assignation to the parts of the concept must be
integrated with the interface.

— The interface must be based in a real-life object interac-
tion.

The used strategy is to implement a metaphor that guides
the interaction between the software and the user. The inter-
face locates the virtual camera available in most of the 3D
software in the position of the user head.

Next, the proposed NUI and the whole system are
described:

2.1 NUI description

The NUI reproduces the metaphor of seeing through a win-
dow (the screen of the computer) in order to present, to the
user, the 3D virtual concept in its context. This strategy emu-
lates the way the user interacts with things and objects in
real life. Further, the interface positions the camera (location,
rotation and scale) according to the user’s head simulating
the perspective as if the context and the concept were located
behind the screen.

A web camera, positioned in the screen, was used to get the
position of the user face and Haar-like feature-based cascade
classifiers, which are an effective object detection method
proposed by Paul Viola and Michael Jones [19], were imple-
mented in the repository of algorithms of the Open Source
Computer Vision Library (OpenCV).

The first step is to obtain the user head position, (x, y), in
order to locate the virtual camera in the 3D software that will
be placed in the same position that the head, as it is showed
in figure 1. The distance between the virtual camera and the
virtual concept, z, is the addition of the distance between the
virtual camera and the screen, z,-, and the distance between
the screen and the 3D virtual concept, z.. This distance is
calculated based on the diameter of the head, and for this
setup a media of H = 156.214 mm has been used, based on
an anthropometric study of people between 26 and 27 years
of age [20].

OpenCV includes both a trainer and a detector, but for
this case a pre-trained classifier included in the software has
been used. Once the classifier is trained, it can be applied
to a region of interest in an input image moving the search
window across it, in order to search the face. When the face is
found, the algorithm returns the position of the detected faces,
where (xj, yy) is the top point of a rectangle that encloses the
face, and the width and height, (w, &), of the rectangle [21].
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Fig. 1 Conceptual description of the system

The position of the projection of the user head into the screen,

(xp, ¥p), is obtained from Eq. (1).
xp+w yp+h

(Xp,)’p) = T’T (1

The returned values for each frame of the video are rep-
resented by Eq. (2):

P(t) = (xp, yp, h) 2

Using the similar triangles theorem the position of the
virtual concept with respect to the screen can be derived from
the Eq. (3):

(x’y)z(XP'(Zc+Zr)’yp’(Zc+Zr)) 3)

Zc Zc

The required variable is the position of the user head
regarding the camera and the similar triangles theorem is
applied in Eq. (4), where f is the focal length of the web
camera:

_H-f—h-f

A “

Zr

In addition, the vector of the virtual camera normal is
always pointing to the center of the 3D virtual concept. Thus,
the rotation of the virtual camera is assigned by the position
of both the virtual concept and the virtual camera.
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Fig. 2 System overview

2.2 System overview

The proposed system, as represented in Fig. 2, consists of
a script in Python® language that works as a user interface
allowing the user to control the 3D software with a web cam-
era and a wireless presenter, used for additional tasks, such
as changing color of the 3D virtual concept. The script uses
OpenCV® library and can be used in others 3D software that
allow to be extended using Python scripts, such as Blender®,
3DMax® and Maya®.

The interface was developed in Python 3.0 to be used with
the 3D software Blender. Python is an interpreted, object ori-
ented programming language, combining power and a very
clear syntax. It has interfaces for many system calls and
libraries and it is very common to be used as an extension lan-
guage for applications that needs programmable interfaces,
in this case Blender. In addition, it is portable an run under
many Unix variants, Mac and MS-DOS systems [22].

The user runs the NUI script on Blender, a cross plat-
form open source 3D animation suite. It completely supports
the 3d pipeline including: modelling, rigging, animation and
rendering. In addition, it allows to employ Blender’s API for
Python scripting in order to write personalized tools. It has
an embedded Python interpreter that can run scripts, draws
the user interface and accesses to some internal tools.

The script uses OpenCV that is an open source computer
vision and machine learning software library, providing more
than 2500 optimized algorithms which allow face detection
and recognition and produce 3D point clouds [23]. Through
OpenCV the video stream from the web camera is processed,
and returns the position coordinates and the size of the head.

3 Experimental setup

In order to validate the functionality of the proposed NUI,
two different case studies were elaborated based on two target
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| Interface 1 | | Interface 2 |

- Case study (printed)
- User description
- Context photo
- Classic interface
- 3d model
- pre-selected colors

- Case study (printed)
- User description
- Context photo
- Natural Interface
- 3d model
- Head tracking
- Wireless presenter

Fig. 3 Description of both interfaces for validation of the NUI

Results
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| Interface 2 | p+c2

Fig. 4 Test work flow

users who proposed and classified the possible color combi-
nation for a desk lamp according to their preferences. For this
activity, each target user employed the NUI and the 3D mod-
elling software to preview the product colors. Besides the
functionality validation, this experiment has been designed
for a second objective, which will not be considered in this
document, related to the identification of correlation between
the selection of the color of a product and the colors of the
context where the product is going to be used or located. In
this way, the experiment has been implemented with three
different roles of users of the interfaces, but only “designers”
were asked to evaluate the interaction with the NUIL

For the color selection of the conceptual product, two
different interfaces were implemented. “Interface 17 is the
proposed NUI and “Interface 2” is the “traditional tool” to
define the color of a concept during the fuzzy phase in which
the designer uses a 3D virtual model and a user description.
Both interfaces are presented in Fig. 3.

The case studies were presented to the same designer using
both interfaces (NUI and traditional method) in order to com-
pare the ease of use and the interaction between the context
and the product. Besides, the use of the interfaces was inter-
spersed across the test as shown in Fig. 4.

The experiment evaluates the process of color selection
using (and not) the NUI by three different roles: target user,
designers and expert panel.

The experiment with designers was performed in a group
of 18 product design engineers (73 % were professionals
and 27 % were undergraduate students). Besides, the group

had an average designing experience of 5 years (minimum
2 years, maximum 10 years).

The expert panel was composed by five professors of dif-
ferent areas of the undergraduate program of Product Design
Engineering, at EAFIT University-Colombia. The group was
constituted by an industrial designer and M.B.A, an indus-
trial designer specialized in strategic design and innovation,
an industrial designer, Master in product design and inno-
vation and PhD in mechanical engineering, an industrial
designer,and a production engineer and Master in materials.

The experiment was designed in order to evaluate, in the
first instance, the user interaction with the interface, and to
identify the influence of the context in the perception and
selection of the color of a conceptual product. This paper is
focused on the first objective.

Next, both interfaces are described in detail.

3.1 Natural User Interface (NUI)

This widely accessible interface is intended to achieve a nat-
ural interaction, between the user and the representation tool,
for the color selection of a design proposal. The software
component relies on free open source software and the only
hardware required is a web camera, a wireless presenter and
Internet access.

The NUI can be mapped to the metaphor of seeing
through a window. The interface allows to all the elements
(context elements and the virtual concept) to be positioned
accordingly to the user’s face position to achieve a realistic
perspective of the context previously modeled.

The usage of the interface can be divided in two stages:

1. 3D stage The following steps are carried out:

(a) 3D conceptual modelling of the product
(b) 3D scanning, virtual modelling and rendering of the
context with its real materials and colors.

2. Color selection The 3D virtual models of the components
of the product are rendered with the different colors which
are under evaluation. Context and concept are displayed
in real time according to the user’s head position. The
colors of the virtual concept can be changed using the
wireless presenter. Blender was used for the 3D mod-
elling of the concept and a regular digital camera was
used for the 3D scanning of the context.

Three different methods for the scanning of the context
were evaluated:

(a) Image projection (Mirror-ball or box mapping) can be
easily carried out and it successfully creates a fake per-
ception of a surrounding context. It is more adequate for
steady renders because all the elements of the context
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Fig. 5 Blender script for color selection screen shot

are projected at the same distance on a basic geometry
(sphere or cube), so when the user moves, it becomes
evident that the context is a projection.

(b) Photogrammetry Allows interacting with the elements
of the context and correctly displaying their geometries
and textures giving more sense of depth, but it is time
consuming. There are many free on line service alter-
natives that allow uploading a sequence of photos and
getting those images processed in their server returning a
3D model almost ready to be used. However, objects that
have mirror-like or glossy materials cannot be scanned
with this technique. So, itis not suitable for the presented
case study.

(c) Camera mapping Allows a non-complex textured 3D
model of the context (based on primitive geometries)
that is based on the real elements and measurements of
the context and has more control.

Regarding the color selection stage, the context and the
model were displayed in Blender and the following two func-
tions were used in its game module:

(a) Camera positioning It is achieved using a Haar Cascade
and an OpenCV object detector, as it was explained in
Sect. 2.1. The interaction is limited to the movement of
the user’s head as if (s)he was behind the screen. A screen
shot of the application can be seen in Fig. 5.

(b) Color loop function The different colors of the selected
parts are set as a list of RGB tuples. Therefore, when
the user presses one button of the wireless presenter the
current color changes to the next RGB tuple.

The experimental setup is presented in Fig. 6 where the
user’s context has been modelled and the desk lamp is the
conceptual product to be evaluated in different available col-
ors.

@ Springer

Fig. 6 Natural user interaction in color selection

Part 1

Fig. 7 Virtual 3D model of the desk lamp for the case study

3.2 Classic tool interaction

For this activity of the case study, only the modelling software
Blender has been used and the possible colors in the different
layers of the 3D view have been pre-configured. Anyway, any
3D modelling software could be used to represent an object
and to change its color.

This software allows the user to navigate through the 3D
virtual model, changing the position of the camera with sim-
ple mouse commands. Also, in different consecutive layers,
the same 3D model with a different color configuration was
placed allowing the user to simply change the pre-configured
color schemes.

4 Case study

In order to evaluate the functionality of the NUI, two different
case studies were proposed to a group of designers. Each
case considered the definition of five combinations of colors
for a desk lamp, presented in Fig. 7, that suit better for the
proposed target user in a specific context. The desk lamp had
two group of parts with different colors to be combined.
Additionally, each case study had a different target user
chosen with the intention to have an opposite style. The first
one is a man (case one) and the second one is a woman
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Easy to interact
Totally agree
Agree
Neither agree...
Disagreement
Fig. 8 User’s contexts. a Man’s context and b Woman'’s context
Totally disagr...
Table 1 Experiment color notation 0 3 6 9 12 15

Case 1-target user 1 Case 2-target user 2

Code RGB Code RGB

n 0,0,0 n 0,0,0
255, 255, 255 b 255, 255, 255
0,71, 255 r 197,0, 11

v 92, 133, 38 c 76, 25,0

(case two). Both target users are 22 years old and they are
university students. For the man’s context, the cold colors
prevail, the elements of the context are well-arranged and
the shapes tend to be more linear, in opposite to the woman’s
context that presents warm colors and a cluttered context.
Both context are presented in Fig. 8.

This setup is proposed to avoid that color, gender and likes
influence in the software usage perception and also to analyze
if there is any influence in the color selection task and the
designer’s affinity. In addition, each target user was involved
in the process of selection of four colors, as it is shown in
Table 1, making different combinations and arranging them
from the option that (s)he likes the most to the one that (s)he
likes the least. Each letter in the “code” column represents a
color in the RGB color model.

Also, a description of the target user was printed and pre-
sented to the designer for each case. This brief contained the
user profile, favorite colors, movies, places, hobbies, brands,
and a photo of the context where the lamp was going to be
located.

Three different users were considered in the experiment:

1. Target user (S)he is the product buyer and user, without
3D modelling experience. Different colors based on his
or her style were proposed to the user and (s)he evaluated
and classified the possible color combinations for the
desk lamp, using the NUL

2. Designers The group is composed by product design
engineers. Each designer was asked to determine five
color combinations that suit better to the given user
description, in both case studies. They used the NUI for
one case and the classic tool for the other one. After com-
pleting the test, they answered what they thought about

I NUI [ Classic

Fig. 9 Easiness during interaction with both interfaces

the software interaction, whether the software made eas-
ier the color selection and how sure they felt about the
selection of the color combination with the interface.

3. Expert panel The group is composed by professors
of different technical areas. They had access to the
user information and determined five combinations and
arranged them from the one that suits better to the user
description to the one that suits the worse, using the
NUL

5 Results and discussion

In order to analyze the interaction with both interfaces, the
18 designers were recorded interacting with the software and
some question about the interaction were posed. The test was
performed on a laptop in a work ambient and there was no
control over ambient stimulus. It is important to notice that
there was no time limit and that either the emotional state or
design skills of each designer were not under control.

Accordingly to Bowman et al., it is required to limit the
degrees of freedom for the user input [12]. This was imple-
mented by linking the camera rotation to always be pointing
to the concept as it is explained in Sect. 2.1.

Regarding to the interaction with the NUI, 100 % of the
users were totally or simply agree with the easy interaction
with the interface, whereas with the interaction with the clas-
sic interface the opinions were more dispersed and 55 % of
the users considered this interface difficult to interact with.
These results are presented in Fig. 9

Regarding to the ability to make easy the color selection
during the decision making activity, 94 % of the designers
identified this advantage with the NUI, but, in general, both
the classic interface and the NUI facilitate the color selec-
tion with a totally or simply agreement. These results are
presented in Fig. 10.

Regarding to the confidence that the designer feels about
the color selected and the fidelity of both interfaces, both
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Facilitate the color selection

Totally agree
Agree

Neither agree...
Disagreement

Totally disagr...

0 3 6 9 12 15
I NUl [ Classic

Fig. 10 Facilitation of the color selection

Confidence about the color

selected
Totally agree
Agree
Neither agre...
Disagreement
Totally disa...
0 3 6 9 12 15

I NUl [l Classic

Fig. 11 Confidence of the color selection

were evaluated as valid tools to select correct colors (agree
and totally agree) with a slightly advantage of the classic
interface over the NUI These results are presented in Fig. 11.

One of the most expressed feedback by the users was to
minimize the vibration of the camera. This is generated by
the face detector and it can be solved applying a moving
average value.

6 Conclusions

— A NUI has been developed with open source software
and easy available hardware in order to allow designers
to interact with virtual concepts in virtual contexts and to
evaluate and select different color configurations at early
stages of the design process.

— The NUI allows a natural interaction between the user’s
context and the product’s concept, enabling the designer
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11.

12.

to evaluate such interaction, through a computational tool
resembling a virtual window.

Even if the proposed NUI can be implemented in any
stage of the design process, the selection of the color is
an activity proper of the conceptual stage and this inter-
face has been designed according to the requirements for
decision making support.

It is observed that classical tools used in the evaluation
of concepts do not allow a full interaction with the user
and the context, which prevents the incorporation of this
interaction in the evaluation in early stages of the product
development.

The proposed NUI provides an easy interaction with the
3D virtual model of the context and of the conceptual
product allowing the user to focus in the color selection
activity instead of the interaction with the software.

The proposed NUI can shorten the gap of training to use
a 3D visualization software and allows the final user to
take advantage of the use of this kind of software.

The proposed NUI facilitates the color selection task
compared to the classic interface, but regarding to the
designer confidence both interfaces have a positive influ-
ence.
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