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Abstract. Nowadays companies are challenged with high competitiveness and
saturation of markets leading to a permanent need of innovative products that
ensure the leadership of these companies in existing markets and help them to
reach new potential markets (i.e. emerging and mature market). Requirements of
emerging markets are different in terms of geographic, economic, cultural, gover‐
nance policies and standards. Thus, adopting existing European product to
develop new products tailored to emerging markets is one possible strategy that
can help companies to cope with such challenge. To do so, a large variety of
products and options have to be created, managed and classified according to the
requirements and constraints from a target regional market. This paper discusses
the potential of PLM approach to implement the proposed modular product design
approach for the adaptation of European product and production facilities to
emerging markets. Using modular approach, the product design evolves itera‐
tively coupling the configuration of various alternatives of product architectures
and the connection of functional structures to their contexts of use. This enables
the customization of adapted product to specific customer’s needs.

Keywords: PLM · Modular architecture · Product features · Co-evolution

1 Introduction

Customer’s requirements fluctuate across geographical regions, standards, and context
of use of the product of interest, whereas global production facilities to address such
requirements are constrained by local governing policies, standards, and local resources
availability. In order to address emerging market’s needs and adapt existing product
development facilities, it is important to analyze and evaluate different possibilities of
product solutions against specific requirements of one regional market.

An emerging market is generally characterized as a market under development with
less presence of standards and policies comparing to mature markets in the developed
countries [1]. To respond to the competition from these emerging countries, frugal
innovation is considered as a solution to produce customized products in a shorter time
for improving the attractiveness of western companies [2]. Frugal innovation or frugal
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engineering is the process of reducing the complexity and cost of goods, and their
production. A frugal product is defined in most industries in terms of the following
attributes: Functional, Robust, User-friendly, Growing, Affordable and Local. The
details of these attributes are given in [3, 4].

As per the study [5], these frugal attributes are not always sufficient for adapting
existing product development facilities in European countries to emerging markets.
Several additional factors can influence consumer behavior as well such as cultural,
social, personal, psychological and so on. To answer this demand, companies have to
provide tangible goods and intangible services that result from several processes
involving human and material resources to provide an added value to the customer.

However, looking to the large variety of markets, customer categories, needs and
characteristics, companies have to create and manage a huge variety of products and
services, under more complex constraints of delivery time reduction and cost saving.
To do so, optimization strategy should concern all steps of the development process,
including design, production, packaging and transportation [6].

Generally, three categories of product are distinguished depending on the level of
customization and the consideration of customer preferences, namely: (i) standard prod‐
ucts that don’t propose any customization facility; (ii) mass customized product offering
customization on some parts of the product, and (iii) unique product developed to answer
specific customer demand. Despite this variety, every product is defined through a
bundle of elements and attributes capable of exchange and use. It is often proven that
modular architectures offer high advantages to support creation and management of
various product architectures from the same family. Taking advantage from this concept,
this paper proposes the use of a modular approach to address the emerging market
requirements through the adaptation of original products. The key issue is the use of
PLM (Product Lifecycle Management) framework as a kernel tool to support both the
management of product architectures and the connection of these architectures with
production strategies. The specific use case of product configuration of mass customized
product is considered as application context.

The next section discusses the main foundation of modular approach and its use for
the configuration of product architectures. Section 3 discusses the implementation of
the proposed approach in Audros software. Audros is a French PLM providing a set of
flexible tools adaptable to a lot of functional domains through an intelligent merge of
the business process model, the data model generator and the user interface design.
Finally, Sect. 4 gives the conclusion and future works.

2 Product Configuration Strategies Within Modular Approach

2.1 Product Modular Architectures

Product architecture is the way by which the functional elements (or functions) of a
product are arranged into physical units (components) and the way in which these units
interact [7]. The choice of product architecture has broad implications for product
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performance, product change, product variety, and manufacturability [8]. Product archi‐
tecture is thought of in terms of its modules. It is also strongly coupled to the firm’s
development capability, manufacturing specialties, and production strategy [9].

A product module is a physical or conceptual grouping of product components to
form a consistent unit that can be easily identified and replaced in the product architec‐
ture. Alternative modules are a group of modules of the same type and satisfy several
reasoning criteria/features for a product function. Modularity is the concept of decom‐
posing a system into independent parts or modules that can be treated as logical units
[9, 10]. Modular product architecture, sets of modules that are shared among a product
family, can bring cost savings and enable the introduction of multiple product variants
quicker than without architecture. Several companies have adopted modular thinking or
modularity in various industries such as Boeing, Chrysler, Ford, Motorola, Swatch,
Microsoft, Conti Tires, etc. [11]. Hubka and Eder [12] define a modular design as
“connecting the constructional elements into suitable groups from which many variants
of technical systems can be assembled”. Salhieh and Kamrani [13] define a module as
“building block that can be grouped with other building blocks to form a variety of
products”. They also add that modules perform discrete functions, and modular design
emphasizes minimization of interactions between components.

Generic Product Architecture (GPA) is a graph where nodes represent product
modules and links represent connections among product modules according to specific
interfaces (functional, physical, information and material flow) to represent a product
or a set of similar products forming a product family. A GPA represents the structure of
the functional elements and their mapping into different modules and specifies their
interfaces. It embodies the configuration mechanism to define the rules of product variant
derivation [14]. A clear definition of the potential offers of the company and the feasi‐
bility of product characteristics could be established for a set of requirements [15].
Figure 1 shows an example of modular product architecture for the case of bobcat
machine, including the internal composition of modules and the interaction between

Fig. 1. Example of generic product architecture of Bobcat machine (adapted from [16]).
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them [16]. The similar concepts mentioned in the literature are ‘building product archi‐
tecture’, ‘design dependencies and interfaces’ and ‘architecture of product families’,
which can be used for the development of GPA. The GPA can be constructed by using
different methods presented in the literature [17, 18].

2.2 Construction of Modular Architectures

The use of the modular approach should propose the facility to work in different config‐
urations. The concept of GPA can give interesting advantages for these issues. Indeed,
by using existing GPA to extract reusable modules, a first assessment of interfaces
compatibilities and performance of the selected modules can be performed regarding
various product structures. Thus, module features are defined to support these assess‐
ments and used to link process specifications, production capabilities, and all other
important criteria involved in the product development process. As the developed GPA
is a materialization of the existing products, the adaptation of these products to the new
market requirements will be obtained through some swapping, replacing, combining
and/or modification actions on the original product architectures.

In fact, the application of customer-driven product-service design can follow one of
two ways processes; either collectively through generic product architecture by mapping
all the requested functions, or by mapping functions individually through features and
then configuring product modules (cf. Fig. 2). In this last case, more flexibility is allowed
for the selection of products modules and consequently more innovative possibilities
for the final product alternatives. However, more attention is required for the global
consistency of the whole structure. The concept of “feature” is considered as a generic
term that includes technical characteristics used for engineering perspective as well as
inputs for decision-making criteria, useful for the deployment of customer-driven design
process in the context of adaptation of existing European product and development
facilities to an emerging market.

Fig. 2. Two ways product configuration strategies for identification of modules for a product
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In the first case, starting from existing solutions implies a high level of knowledge
about the whole development process and will reduce considerably the cost of adaptation
to a new market. Using individual mapping of modules, the second way will give more
possibilities to imagine new solutions (even the design process doesn’t start from
scratch) by reusing modules that are not originally created for the identic function. The
implementation scenarios detailing these two ways are the following:

• Configuration 1: Mapping of Requested Functions to GPA. The starting point in
this configuration is the existing product families, really produced to meet certain
functions and sold to customers in other markets. The goal is then to adapt the
definition of modules regarding the new requirements according to their level of
correspondence with existing functions, the importance of each customer option, and
possible compatibilities between local production capabilities and those used for the
realization of the original product. The modular approach is used to satisfy set of
functions collectively through GPA by mapping all the functions required.

• Configuration 2: Mapping set of functions to modules through features. In the
second configuration, the modular approach is used to satisfy functions individually
through features. More attention is given to product modules separately regardless
of the final products structures involving these modules. This is also the case when
the previous product structures contain partial correspondence with new require‐
ments. This configuration offers more innovation freedom for the design of new
product but include a strong analysis of interface compatibilities across modules. In
this configuration, we go from the interpretation of the functions to identify all
modules’ features and then, search if there are some adequate modules and then
configure these modules to possible products architectures.

3 Implementing Modular Approach in PLM for the Configuration
of Customized Product

By using modular architectures, different product configurations can be built as an
adaptation of existing products or the creation of new ones through the combination and
connection of existing modules developed separately in previous projects. Product
Configuration is already used for mass customization perspective [19]. This can be also
used to increase product variety for regional adaptation and improve the possibility to
the customer to choose between different options for an easily customized product with
low production cost. This is possible through the matching among product modules,
process modules and production capabilities. The development of a product for a new
market can then be obtained through a concurrent adjustment of the designed architec‐
ture and the production strategy, considered as a global solution.

Following this approach, the involving of the customer into the product development
process is made through an easier clarification of his needs as a combination of functions
and options. These functions/options have to be connected in the design stage to pre-
defined modules. Customers are then engaging only in the modules which they are
interested in and presenting a high potential of adaptation. In the production side, alter‐
natives of process are defined for each alternative of product configuration so that all
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the proposed options presented in the product configurator are already validated in terms
of compatibility with the whole product architecture and production feasibility. This
ensures more flexibility in the production planning.

Figure 3 shows a global scenario connecting a product configurator with the PLM.
Following this scenario, the customer can visualize different options for one product
type and submit his preferences. These options are already connected to a list of prede‐
fined models which are designed previously and stored in the PLM. The selection of a
set of options will activate various product architectures in the PLM. Based on the
selected set of options, the designer extracts the related product architectures. For every
option as displayed to the customer in the configurator, a set of modules alternatives are
available in the PLM and can be managed by the Designer to create the final product
architecture as a combination of existing architectures.

Fig. 3. Scenario of product configuration with PLM

In addition, when selecting the product family and the target market, the PLM inter‐
faces provide a first filtering of modules respecting the target market requirements.

The creation of the predefined models in the PLM is part of a design process which
is fulfilled in the design department based on the configuration strategies presented in
Sect. 2.2. For each target market or potential category of customers, every type of
product is presented with its main architecture connected to a set of alternative archi‐
tectures. Each alternative implements one or more product options that are tailored to
specific regional markets by means of related alternatives of production process.

The main question to be resolved in this design stage concerns the characteristics
which the concept of modules should adopt in order to cope with the co-evolution
strategy of product architecture and production process, respecting customization
constraints. In this case, specific features are defined with the module concept as deci‐
sion-making criteria to support the product configuration process within a co-evolution
perspective as given below:
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• Criticality: The importance of a module in the final product architecture regarding
the importance of the related option/function to the customer. This will help the
designer to choose between solutions in presence of some parameters conflicts.

• Interfacing: The flexibility of one module to be connected with other modules in the
same architecture. This increases its utilization in various configurations.

• Interchangeability: The capacity of one module to be replaced by one or more other
modules from the same category to provide the same function. Based on this feature
and the previous one, the customer can select only compatible options.

• Process Connection: It gives information about the first time the related module is
used in the production process and the dependency with other assembly operations.
This is particularly important if the company aims to propose more flexibility to the
customer for selecting some options although the production process is started.

To support the implementation of such process, a data model is implemented in the
Audros PLM to manage a large variety of product alternatives connected to several
alternatives of production (cf. Fig. 4). In this model, every function is implemented
through one or several technical alternatives. The concept of “module” is used to inte‐
grate one (and only one) technical solution in one product structure. Every product is
composed of several structures representing product alternatives. Each structure is
composed of a set of modules and connectors that present one or more interfaces. The
concept of product master represents the models of mature products that will be available
for customization within the product configurator and able.

Fig. 4. PLM data model implementing modular approach
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Based on this data model, several scenarios are defined as an implementation of the
construction and use processes of modular architectures (see Fig. 2). These scenarios
concern, for instance, the creation of original products from scratch or from the adap‐
tation of existing ones, the connection between PLM and product configurator for the
ordering of new customized product and the connection PLM-MPM (manufacturing
process management) for the realization of the selected alternatives, etc.

A recognition scenario of the ordering and customization of a frugal product based
on the adaptation of an existing one, using PLM is described as follow. The customer
or the marketing department choose an existing product as a base and define customi‐
zation to be applied to adapt the product by the design office.

• Actors: Customer/Marketing department of the company + Design department
• Goal: select the product to be customized and ordered
• Pre-condition:

– If request comes from the Marketing department, a new product family will be
developed with options.

– If the request comes from the customer, a new customer order with customization
will be considered.

• Post condition: Instance of the product master is created, request is sent to design
• Events and interactions flow:

– The user chooses product type and target market
– The system returns the list of suitable options
– The user creates an order for the desired products
– The system creates a new product, instance of chosen product master
– The user selects the options
– The system analyzes the order and identifies suitable modules for each option
– The system filters the alternatives of modules for each function regarding the

interfacing and compatibility criteria
– The system generates potential alternatives of product architecture
– The system sends a notification of design request to design office.

The Graphical User Interface (GUI) of the PLM tool has been designed to provide
flexible and user-friendly manipulation of any type of product structure as well as its
different modules and features. The global template of the GUI is the same for all screens,
but the content adapts itself depending on the data to be managed and the context of use
(Scenario and Use). With this GUI, the user will have a unified interface that will help
the designer for the design of a frugal product and its co-evolution with the production
process as follow:

• Create and analyze various product architectures at any level, from different point of
view (functional, technical solutions, compatibility, manufacturing, etc.)

• Promote re-use and adaptations of existing solutions in the design of product archi‐
tectures. This is based on the searching facilities for object (function, modules, alter‐
natives …) in a very simple and quick way.

• Manipulate product and production data (create/modify/adapt solutions)
• Access easily to all related documents like market survey, customer feedback, etc.
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The following figure (cf. Fig. 5) presents the main GUIs of the proposed PLM plat‐
form as used in the proposed frugal design process. The flexibility of this platform takes
advantage from the use of the “effectivity parameter” describing the link between two
PLM objects. The effectivity parameters, displayed in the GUI, are used for data filtering
as well as representation and manipulation of objects during the configuration process.
There is no limit for the definition of effectivity parameters. Examples of effectivity
parameters used in the case of frugal product configuration are: Criticality; Customiza‐
tion; Manufacturing plant; Sales country; Product option/variation; and Begin/end date
of validity.

Fig. 5. Several PLM GUIs as a whole process

4 Conclusion

PLM tool configuration for the representation and the management of Product modular
architectures has been introduced so as to respond to the requirements of adapting
product-service design and production in a customer-driven context. The focus is the
tailoring of mature product solutions to customer’s needs in emerging market. Module
features have been defined to help translate the regional customer requirements into
product functions and product structure design. It is also used to connect the product
design to production planning as well as other downstream activities.
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The modular design approach for the adaptation of European product to emerging
markets has been proposed for this objective. The proposed modular product design
approach is actually under implementation for supporting the configuration and custom‐
ization of aircrafts in aeronautic domain and the co-design of production systems tailored
to regional markets. Another application, in domestic appliance industry concerns the
integration of the customer in the definition of product variety through a smart organi‐
zation of feedback survey following modular structures, highlighting the preferences of
potential customers in a target regional market. Software interoperability and informa‐
tion exchanges between involved tools in these industrial scenarios is ensured using
PLM framework, considered as a hub.
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