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Abstract. Some costly and complex technical products, such as walking 
assistance devices, require ad-hoc design processes to address the very specific 
needs of each user. However, the depiction of customer/user requirements in the 
early stage of design stands difficult due to their subjective nature and the 
separation between the user and the designer. To bridge these gaps, we 
introduce the definition of a new modular digital toolbox based upon mixed 
reality system and kansei engineering techniques. The hardware consists in 
modular Tangible User Interfaces (TUIs), custom made by 3D printing and 
powered by a 3D game engine. The interactive content is displayed in mixed 
reality, simultaneously to the user and the designer. Kansei data are collected 
through questionnaires and psychophysical measurements, during multiple 
collaboration phases. The modularity of the system allows the evaluation of 
various TUIs, 3D content behaviours and the best fitting type of display. 

Keywords: customer requirements, collaborative design, mixed reality, kansei 
engineering, tangible user interfaces. 

1   Introduction and motivation 

1.1 Supporting mobility requires the design of complex mechanical products 

We are currently in the midst of a profound demographic shift. The aging of the 
population in developed countries is a groundswell, due to a slowing birth rate and an 
increasing life expectancy. In Japan for example, the share of the population over 60 
was 8% in 1950, 10% in 2000, and is expected to reach 21% in 2050. In a near future, 
one out of four people will be over 65 [1]. Among all challenges raised by the aging 
of the population, mobility appears as one of the most pressing issues [2]. The 
prevalence of mobility impairments increases with age, i.e. one in ten for people in 
their fifties, up to one in two for those in their eighties. Losing complete or partial 
mobility affects not only the ability to walk, but also the ability to perform daily tasks, 
which is a major determinant in quality of life and causes dependence on others [3]. 
To address walking disabilities, “one fits all” solutions are the most common. As an 
example, wheelchairs are often recommended to patients with mobility impairment 
conditions caused by lower limbs disability. Although safe and easy-to-use, they also 
have many disadvantages, e.g. they limit activities due to their large footprint and 
make it complicated to perform basic daily tasks due to the limited reach they offer. 



 

 

Wheelchairs also tend to limit the visibility field of their users, making it difficult 
both to see and to be seen. 

In order to overcome most of these limitations, efforts have been put to offer users 
an upright posture through more sophisticated products. For instance, robotic exo-
skeletal apparatuses [3] such as powered suit HAL [4], Ekso [5] or Vanderbilt 
Powered Orthosis [4, 6]. Some of them may require using an additional remote walker 
[7]. However, such products tend to be complicated and expensive, both to design and 
operate. 

1.2   New design tools for a better fit to user requirements 

For designers, one way of simplifying their products is to take into account the fact 
that many people with walking-impairment have a valid upper body. Therefore, the 
focus of research has shifted towards apparatuses capable of autonomously supporting 
users by leveraging their remaining upper mobility and led to the design of simpler 
and less expensive devices like illustrated in Fig. 1 (c) [8, 9]. Due to space limitations, 
we are not able to give more details about our use case. 

 

(a)  (b)  (c)  
Fig. 1. Illustration of assistance devices for walking impaired people. (a) bimanual rear-wheel 
driven folding wheelchair, (b) Exoskeleton (HAL) [4], (c) Walking assist machine using 
crutches (WAMC) [8]. 

At the same time, quality of living and comfort has taken priority over simple 
functional solutions for the users. In projects involving medical assistance devices, it 
is of paramount importance to take into account the detailed condition of the user and 
focus on ergonomics, usability, user acceptance, body metrics and adequacy to the 
user’s feeling [4]. Focusing on such items can result in safer products and faster 
learning curves for the user [10]. These elements are key drivers of the final product 
properties and should be considered from the very early design stages. They are all 
related to what is called the user ‘kansei’ [11]. Kansei is a Japanese term that can be 
translated as “emotion” or “affect” and encompasses all aforementioned items. It is 
deeply linked to the customer requirements; as kansei engineered products tend to 
increase the satisfaction of their users. However, incorporating the kansei 
requirements at early design steps poses a major challenge because designers need to 
take into account both psychological and physiological user requirements 
simultaneously. 

 
Hence our research question: How to improve the design process of products that 

require a good fit with user requirements, such as walking assistance devices? 



 

Early user involvement in the design process has several advantages. The main 
benefits are an increased access to and understanding of the user’s needs, experiences, 
and ideas; improvements in medical devices designs and user interfaces; and an 
increase in the functionality, usability, and quality of these devices. In particular, the 
involvement of users is crucial at each stage of the product development cycle to 
leverage in a cumulative way their contributions and thus to maximize their effects 
[12]. One good option for integration through collaboration between user and 
designer during the design process is the use of common “tools”. The tools are able to 
trace the interactions between users, they support the design process itself and 
produce representations of the concept, from early steps to final completion of the 
physical object. The representations are key for collecting one’s kansei [11] and can 
be used as boundary objects [13]. The tools facilitate exchange between the designers 
and the people who will experience the products [14]. 

Therefore our objective is to invent a new tool to support the integration of the user 
and their kansei requirements inside the design process of medical assisting walking 
devices. For an optimal integration and compatibility into the current digital design 
process of such products we concentrated our research on Computer Aided Design 
(CAD) tools. 

Hypothesis: With an earlier involvement of the user in the design process it is 
possible to design better products. This could be achieved with a new tool that allows 
the user to participate in the early stages of the design process the mobilization of his 
kansei data can leverage the design process for better products. 

2   Existing digital design tools and methods 

2.1   CAD strength and weakness in early design stage 

The design of most complicated devices requires simulations, analysis, and 
optimisation conducted with CAD tools. As a consequence they are essential when 
dealing with the design of medical assistance devices. However, the participation of 
users during the design process and the integration of kansei engineering from the 
early steps could be improved. 

Because of the number of functions they support the CAD tools require a long 
training with steep learning curves. The designers who use them only become experts 
after years of mechanical education. They require good perceptive and imaginative 
skills along with a technical educational background [15]. Their complexity notably 
lies in their human machine interfaces, which impair collaboration and direct 
interaction with the CAD objects [16]. The keyboard and mouse widely dominate 
work environments. If they are very capable in terms of performance in expert’s 
hands they however might not be easy to handle by elderly people who are sometimes 
unfamiliar with the technology. They also require dexterity and precision, which may 
be an issue in the case of physical impairment. 

The compatibility of CAD tools with early design stages, when kansei 
requirements must be generated and collected, could also be improved. The 
conceptual design phase is critical for involving collaboration between designers and 



 

 

users and integrating the specific requirements of the latter [17]. As a consequence, 
the user is often requested to give feedbacks about already well-developed 
representations (e.g. CAD models), which are difficult to interact with. Recently, new 
types of Computer-aided Design interfaces can produce realistic representations of the 
product being designed for a reasonable cost. The Fig. 2 illustrates the limited 
feedbacks and perception clues for a user. 

 
Fig. 2. Integration of the user in the design process with CAD tools. 

Mixed Reality (MR) is defined as a particular subset of Virtual Reality (VR), 
related technologies that involve the merging of real and virtual worlds somewhere 
along the "virtuality continuum" [18] that spans between completely real 
environments and completely virtual ones and illustrated in Fig. 3. One of the major 
advantages of this type of interfaces is the possibility of leveraging the real world 
with virtual elements (as in augmented reality) or to map virtual elements to real 
physical objects manipulated by the user (as in augmented virtuality). 

 
Fig. 3. The “virtuality continuum” as defined in [18]. 

MR systems can facilitate the integration of user in the design process because they 
offer an enhanced perception of the future product. The VR technology enables the 
user to experience the design model with high quality of presence by using the 
interactive three-dimensional image without making an actual product from the early 
design stages [19]. They offer shared representations and boundary objects for better 
communication between designers and users. Boundary objects [13] work to establish 
a shared context between designers. They can be objects or models are simple or 
complex representations that can be observed and then used across different 
functional settings. These representations of the under design object depict or 
demonstrate current or the possible "form, fit, and function", in other words, fitting to 
the knowledge of the user. An enhanced perception of the CAD object for the user is 
illustrated in Fig. 4. 



 

 
Fig. 4. Integration of the User in the design process with VR CAD tools. 

2.2   Kansei engineering methods for early incorporation of user preference 

Kansei engineering is a technique that can contribute to higher user satisfaction 
[11]. However, its implementation in real life is difficult, especially when the 
products to be designed are complex and when the design is done in a lab-based 
environment, as is it the case for walking assistance devices.  

Design engineers have their own tools, processes and methods [20]. In order to 
capture the user requirements during the medical design solution development, 
designers usually refer to existing references. However, the methods discussed in the 
scientific literature can rarely be applied to actual use cases, while current industrial 
practice may be confidential, and there is little knowledge available about methods 
and approaches needed to capture the full range of requirements [10]. Designing 
specific walking assistance devices implies the collection of all the specific 
requirements from the end user. It is expected from the designers to know the kansei 
and lifestyle of users and to suggest realistic solutions to improve them [1]. The 
kansei requirements challenges come on top of the traditional technical challenges, 
which are already demanding and labour intensive [10].  

This leads to the interweaving of several academic fields, i.e. medicine, 
engineering and social sciences [21]. As a consequence kansei engineering design 
often imply the integration of dedicated kansei tools and methods in addition to the 
process [22, 11]. However this approach consider the user as a source of design 
information but mostly as an indirect participant. Kansei engineering methods 
recommends the collection of customer feedbacks at the early design steps for best 
results. Measurable usability criteria address issues related to the effectiveness, 
efficiency, safety, utility, learnability and memorability. 

We want to mix the advantages of MR (virtual and augmented reality tools with 
Tangible User Interfaces (TUIs) with kansei engineering techniques. Successful 
projects have been conducted with the integration of VR and kansei engineering, as 
schematised in Fig. 5. This technique is called kansei engineering type IV [1]. 



 

 

 
Fig. 5. Integration of the User in the design process with VR CAD tools in kansei engineering 
type IV [1]. 

2.3   Co-design for user early involvement 

Typical digital tools follow a step-by-step process where representations are first 
shown to the user and then modified by the designer, as illustrated in Fig. 6. This step 
by step process requires the designer involvement to modify the CAD object after 
collecting the user’s feedbacks. 

 

 
Fig. 6. Flow of representations along the design process. 

Collaboration and co-design imply the ability for all participants to be able to 
modify and interact directly with the representations, as illustrated in Fig. 7. Doing so 
in a digital environment implies dedicated tools capable of supporting such activities, 
with specific interfaces. This requirement is even more stringent when dealing with 
the early design steps. 

 

 
Fig. 7. Flow of representations along a co-design process. 



 

3   Definition of a new MR kansei based tool for early co-design 

3.1   Principles of the tool 

The tool needs to be compatible with the current design process, namely the 
digital tools the designers are already using and their methods. We will use digital 
tools and the manipulation of CAD data for a better integration. The system will focus 
on the initial design steps for the definition of user requirements and during the design 
iterations and evaluations of digital prototypes. 

The tool needs to integrate the user in the design process by giving him/her simple 
interfaces to collaborate actively with the designers. We also need the system to be 
capable of changing configurations for fitting different users. One of the solutions is 
to create the interfaces on demand for each use case and ensure their compatibility 
with the system with a modular architecture. 

The tool needs to be kansei-engineering compliant. A kansei engineering process 
requires being written in addition to the already existing design process, and capable 
of leveraging the capacity for the designers to capture kansei data through 
interaction/collaboration phases with the user. The Fig. 8 illustrate this workflow. 

 

 
Fig. 8. Co-design between Designer and Co-design with Designer and User with the 
combination of MR system and kansei engineering IV [1]. 

The Kansei data will be generated by a mix of several techniques, listed in Table. 1. 
During the design process, the psychophysical state of the user is evaluated. His/her 
satisfaction is eventually assessed through a questionnaire. The design tool itself is 
also rated with the Self Assessment Manikin (SAM) method [23]. 

Table. 1. Items collected for creating the kansei data and the associated methods. 

Kansei data Assessment Method 
Usability / User Satisfaction  - Questionnaire 
Emotional reaction  
(valence, arousal and dominance) 

- Self Assessment Manikin   
- Psycho-physical measurements  
(heart beat frequency, face expression 
recognition, skin conductance) 



 

 

3.2   Originality and expected benefits 

Our tool offers three major advantages and combines the advantages of existing 
methods and techniques. We build on demand the TUIs, ad-hoc to each new product 
development. 3D printing seamlessly integrates with CAD and has the ability to 
produce custom interfaces at relatively low prices. The tool offers rich interactions 
with touch, vision and hearing senses. TUIs can mimic real world environment and be 
very effective for users both experts and not experts of digital design environments, 
they can be effective boundary object and media of communication and collaboration. 
The possibility to observe and collect more accurately the expressed feelings and 
intentions of the participants is also increased. Tangible Augmented Reality (AR) 
combines the intuitiveness of TUIs with the enhanced display possibilities afforded by 
VR. This allows the implication of the user during the early design stages [24]. The 
benefits of TUIs include allowing multiple users to simultaneously view, feel and 
manipulate a physical shape instead of an abstract graphical representation [25]. TUIs 
also bridges the gap between the worlds of bits and atoms through graspable objects 
and ambient media in physical environment [26]. 

3.3   Description of the system 

The full system we experimented is schematized in Fig. 9. 

 
Fig. 9. Schematic description of the system. 
 
Easy-to-use hardware. 
The Oculus Rift® is a cheap head mounted display with an average price tag of USD 
300. It is capable of delivering stereoscopic images using a low persistence OLED 
screen to eliminate motion blur and judder. Low persistence makes the scene appear 
visually stable, increasing the potential for presence. It is installed with an additional 
positional tracking and can accurately map all of the user’s head movements. 

We 3D print TUIs on demand for each project so they can be fitting to both the 
project and the user who will collaborate to the design process. The 3D printed 
interfaces are made from simplified shapes of the early design subcomponents of the 
product as recommended in kansei engineering methods. The 3D printed TUIs are 
produced ad-hoc to be simultaneously easy to manipulate and track. They are 



 

produced with a Keyence® Agilista 3100 3D printer. We use the Microsoft Kinect® 
for 3D tracking them. 

 
The software implementation offers modularity. 
Unity® is a flexible development platform for creating multiplatform 3D and 2D 
games and interactive experiences. We use it to connect the TUIs to the virtual objects 
of the 3D scene to the stereoscopic display. With Unity® software it is possible to 
assign to each TUIs several behaviours depending on the specific design task and the 
user. 

4   Conclusion  

By combining mixed reality tools and tangible user interfaces, we created a new 
computer-aided design system which facilitates the design collaboration between 
designers and users and which allows to collect user data / kansei data in the early 
designs stage.  

Our work will now focus on implementing and testing the tool in the context of a 
real-life design of new WAMC. In complement of the kansei data generated by the 
user, the usage of the tool from the design engineers’ point of view will be assessed. 
i.e. how useful is the user generated data and the productivity of the collaboration. 
The development of such a co-design digital tool is expected to help engineers 
designing user-friendlier products. This could enhance the quality of life for people 
through better user experiences with their goods. 
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