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Abstract. This paper suggests an approach to assist the identification of 
suitable areas of application of AR within the product design process. The 
approach utilizes an established methodology for product design development 
that allows each stage in the design process to be identified and considered in a 
logical and structured manner. By doing this we can consider the suitability for 
AR at each stage as opposed to the use of hand drawings, basic computer aided 
design, virtual reality, or rapid prototyping techniques and suchlike to produce 
physical models. As an example of this we consider the concept design stage of 
the product design process and conduct some preliminary experiments in the 
use of AR to facilitate the activity. 

Keywords: Augmented reality, product design, total design, concept design, 
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1 Introduction 

It is apparent that within the realm of product design and manufacture there is an on-
going need to reduce the time from the identification of a market need for a product 
and the satisfaction of that need in the form of a finished product that meets the cus-
tomer’s requirements. Over the past few decades an important method of meeting this 
need has been the implementation of the concept of Concurrent Engineering - this is 
an attempt to consider in an integrated and parallel manner, product design, develop-
ment, manufacture, delivery, maintenance, and end of product life considerations. 
This approach has been employed by many major manufacturing companies and uti-
lizes multidisciplinary teams comprised of, for example, component suppliers, prod-
uct design and manufacturing engineers, purchasing personnel, and customers. Effi-
cient and unambiguous communication of ideas is essential throughout this activity 
and we consider here how this can be facilitated by the use of Augmented Reality. 

As an essential part of this process it is clearly necessary to design the product in a 
rational manner and a number of methodologies have been developed in order to 
achieve this. One of these is ‘Total Design’ developed by Pugh [1] and defined as 
“The systematic activity necessary, from the identification of the market /user need, to 
the selling of the successful product to satisfy that need – an activity that encompasses 
product, process, people and organization.” The elements of this methodology are 
summarized here and used as a vehicle for identifying specific aspects of the design 
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process where AR could be usefully employed. We show that not only is the use of 
AR beneficial for the product designer but also for improving communication with 
the final customer and others involved in the integrated concurrent engineering exer-
cise of new product innovation. 

2 Total Design 

Total Design is a methodology that allows a rational and detailed approach to product 
design from identification of a market need through to satisfaction of that need by the 
provision of a desired product. The main stages involved include the following. 

1. Based on the market need a Product Design Specification (PDS) is produced. This 
is a comprehensive document that forms the basis of all the work that follows. It 
does not state what the final design should be but it sets the criteria the design must 
satisfy. As this stage does not require any graphical images AR is not relevant here. 

2. Once the PDS has been completed the ‘concept design’ stage is implemented to 
create and critically assess potential designs that can satisfy the PDS. Various tech-
niques, such as brainstorming, are employed to generate the concepts which are 
then compared and evaluated using decision matrices in order to select a final con-
cept. This paper will show that AR is potentially very useful at this stage. 

3. ‘Detail design’ is now carried out to develop the concept design into a practical 
form. Here the individual components and sub-assemblies are designed and ac-
companying detailed calculations for mechanical, thermodynamic, electrical, elec-
tronic and other aspects are carried out. Within this process other ‘design for X’ 
considerations will be considered. For example; design for manufacture and  
assembly, design for ergonomics, design for maintenance, design for the environ-
ment, and design for remanufacturing are among a number aspects that are impor-
tant. While AR could be used at this stage there is much more scope for application 
of established computer aided design and simulation methods to develop and ex-
amine the design. Of course larger products such as ships and aircraft will also 
benefit from the use of virtual reality at this stage. 

4. Manufacturing the product, at this stage simulation packages for factory layout are 
used coupled with computer aided process planning and other computer based 
tools to optimize the work flow, material control, and final dispatch. However 
there is also the opportunity here to utilize AR when considering the positioning of 
production machinery such as industrial robots, CNC machines, conveyors, etc. 

5. Finally, at the stage where the product is being delivered to, and used by, the cus-
tomer there are already applications in commercial use for AR in product advertis-
ing and as an aid for product maintenance and repair. 

2.1 Concept Design 

This paper is focused on the potential use of AR in stage 2, the concept design stage. 
It is worth noting that some studies have noted the fact that CAD modelling can be 
harmful to the early stages of the design process, the representation of a component in 
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this form is deemed to be too detailed and overbearing when concepts should be con-
sidering innovation and development [2,3]. Specifically results of a study by Benami 
and Jin [4] state that “The essential finding from the experiment was that ambiguous 
entities stimulate behaviours more than non-ambiguous entities”. Based on these ob-
servations, it is apparent that the use of basic CAD modelling at this stage of the de-
sign process can potentially stunt a designer’s ability for creativity in a design. How-
ever we consider that it may be possible for the use of Augmented Reality to increase 
levels of creativity for conceptual design, whilst allowing appropriate interaction and 
detail for the designer.  

Two systems presented by Fuge et al. [5] and Fiorentino et al. [6] have looked at 
the use of AR in conceptual design and product realisation. The system presented by 
Fuge et al. focused on the construction of freeform surfaces. The role of multiple 
shape representation was addressed and the user was required to interact using a data 
glove and a head-mounted display in order to create an immersive style environment. 
The system was successful in that it allowed rapid creation of freeform surfaces with-
out the need for constraints generally required in CAD modelling. A similar system 
was presented by Fiorentino et al. [6] where semi-transparent glasses were used in-
stead of an HMD.. Again the system allowed a designer to create freeform curves and 
surfaces in an AR environment. Although the objective of the system was to assist in 
product realisation, the use of AR to assist in Rapid Prototyping technologies was 
suggested. They observe that the method of using trial-and-error to evaluate design 
iterations is “one of the biggest bottlenecks in the industrialisation process.” This 
observation was also acknowledged by Verlinden and Horváth in two separate publi-
cations [7, 8], where the idea that the use of AR to assist in concept generation and the 
reduction of design iteration was introduced. However it appears a knowledge gap is 
present here as the use of AR to support concept realisation is not yet fully investi-
gated. Ong et al [9] also applied AR in the early design stages during the product 
development process. This was done by introducing a spatial AR (SAR) configuration 
where real world images or textures are projected onto a physical shape model to give 
the impression of the final design which can then be inspected. This is a very basic 
use of augmented reality as an image is simply projected using a projector. Another 
study looked at the use of augmented reality to aid the visualisation of Computer-
Aided Design (CAD) parts [10]. It was found that certain students had difficulty with 
the spatial cognition of the multi-view projections of a CAD model they had created. 
To resolve this, a quick response (QR) code was placed onto the drawing. AR soft-
ware was then used to view the specific 3D model, aiding the spatial cognition of the 
students.  

The multiple systems and applications presented show that AR has the potential to 
replace traditional methods of design evaluation. When introducing the research, Park 
[11] discusses use of CAD modelling, giving pros and cons of the use within the de-
sign process. Although it is noted that CAD is a key component for conceptualisation 
and product realisation, it is apparent that CAD has a “fundamental problem of intan-
gibility”. It is thought that the use of AR applications within product development can 
be utilised to overcome these issues. 
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2.2 Collaborative Design 

It is not uncommon for design teams in the current design climate to be working in 
separate countries or even continents; synchronous and a-synchronous working has 
become a vital component in the design process and this must be facilitated with col-
laborative design applications. Even if the situation arises where a design team are all 
working together in one place, it is likely that the group will consist of members from 
many backgrounds and disciplines. In order to facilitate these members, design tech-
niques which easily represent a product concept or component for design evaluation 
must be utilised. AR technologies have been implemented extensively for collabora-
tive design applications [12–16] allowing for representation, evaluation and modifica-
tion of a design in a group environment.  

It has been recurrently observed that although CAD systems are a vital component 
in the current product development process, they lack the “natural feel” that is pro-
vided with traditional methods of product realization. The result of this is a lack of 
tactile feedback provided to the user regarding their design.  

Collaboration with users, clients and other stakeholders throughout the design pro-
cess is vital as it allows for the development of usable and useful products [17]. It 
allows for a “human-centric” approach within the design process creating solutions 
that are directly influenced by the user and other stakeholders.  

One of the main issues when designing products for clients is the fragmentation in 
the client-designer relationship. This can be related to the relationship between the 
designer and a senior manager or CEO of a company who may not be familiar with 
the design process. Schumann et al noted that “Nowadays the convincing presentation 
of new products is a lengthy and often very expensive task” [18]. This is due to the 
different experience levels of stakeholders which can make the communication of 
ideas very difficult for the designer.  Wang explained that while the designer is work-
ing at a conceptual level, they will tend to “interpret client needs and desires into 
artistic form” [19]. However, this can create issues as the client may be unfamiliar 
with the “language of design” at this very early stage of the process. 

3 Augmented Reality and Mobile Technology 

The main problem with using mobile devices for AR has been their computational 
power however recently this is being being largely ameliorated. Nee et al argued that 
“higher processing power and hardware, such as high resolution camera, touch screen 
and gyroscope etc. have already been embedded in these mobile devices” [20]. A 
number of relatively advanced mobile AR systems were released in 2013. These in-
clude Aurasma [21] Metaio Junaio [22] and Layer – Augmented Reality [23]. These 
apps are readily available on modern smartphones and other mobile devices. It is 
therefore now evident that modern mobile devices are ideal for augmented reality 
applications.  

Therefore, the question we pose is - does the use of a mobile device to facilitate an 
augmented reality application, adds value to the concept design process? 
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4 Design of the Experiment 

The experiment involved two parts. Firstly, the participants were asked to undergo 
multiple scenarios using augmented reality to analyse concepts. A mobile application 
that allows custom AR environments to be created using a mobile device was utilised 
alongside two basic mock-ups made from simple materials. The type of augmented 
reality is video-see-through which can be implemented by modern mobile devices. 
CAD models will be projected onto the two basic physical mock-ups to imitate the 
viewing of models in real life. The user was able to hold and touch the mock-ups and 
through the mobile device, it will appear as if they are handling the CAD model.  
This is a form of passive haptic feedback. The user was asked to analyse the con-cepts 
against basic criteria. During this first part, an informal interview was taken during 
the experiment where questions relating to the topic and the experience were asked. 
Responses were noted and any common answers analysed to reach a conclusion. The 
second part of the experiment was a questionnaire. Within this, questions were asked 
that relate to the experimental technique’s usability, practicality and how it compared 
to other techniques that the user has experienced 

4.1 Software 

After analysis of various options software chosen was ‘Metaio’[24] an AR program in 
which custom computer generated models can be integrated into an environment cho-
sen by the user. To do this, any 3d model can be imported into the Metaio Creator 
where the model’s dimensions and position can be altered. A target is then used for 
tracking and allows the chosen model to appear in the real world. Once this position 
of the model over the target is decided, it is fixed and the only way that the user can 
manipulate it is to handle the object that the tracker is attached to. This is important as 
it replicates the viewing of a model in real life. The program links directly to the Me-
taio Cloud and every user can create a ‘channel’ that contains their custom augmented 
reality developments. These channels are held in the Cloud and can be viewed 
through mobile devices using the ‘Junaio’ application developed by ‘Metaio’ in which 
anyone can view your models using specific targets. The type of 3D model used was 
an OBJ file, an object file. 

The CAD models used were sourced from TurboSquid.com an online source for 
professional 3D models. OBJ files can be downloaded from this source which is well 
suited for the ‘Metaio’ software. The models chosen were similar to allow for more 
focussed evaluation similar to that of concepts created within the same project. Two 
mobile phones were used, a model of the Nokia N82 Mobile Phone and the Sony 
Ericsson W960i Mobile Phone. 

The aim was to make the prototypes very simple. They were created out of white 
foam card that was cut and shaped to the size of the CAD model. No detail was in-
cluded in the mock-up as it was the CAD model that was intended to show detail. The 
participant was to understand that the simplest model could be created to then project 
over a CAD model as this would take minimal time in a design process. 
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system was highly intuitive and allowed for early evaluation of concepts without the 
need to build prototypes. This, in turn, saves time and money, further adding value for 
the designer. 

The implementation of augmented reality in this context will add great value. As 
the technology advances in augmented reality and the capability of mobile devices 
increases, the value can only increase in the oncoming years. 
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