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Abstract. There is a demand on the current markets of industrialized house building 
for higher product design flexibility and customization. One of the success factors 
in addressing this challenge efficiently is the formalization and use of product 
platforms through information technology applications. However, there is a lack of 
knowledge on how product platforms and their use should be modeled to support 
the development of information technology applications. The aim of this paper is 
therefore, to increase the knowledge on information modeling of product platforms 
and their use in the industrialized house building design process. The available 
information modeling methods were identified and analyzed using literature review 
while considering the contextual criteria of industrialized house building. An 
information modelling method for product platforms and their use in the 
industrialized house building design process is proposed. The information modeling 
rationale is synthesized using the design platform modeling and the information 
delivery manual modeling. The former is a PLM-oriented while the latter is a BIM-
oriented information modeling method. The proposed information modeling method 
is composed of three parts: product platform information model, process maps and 
exchange requirement specification. Future work should aim for the validation of 
the proposed information modeling method by application on empirical data in a 
case study. 

Keywords. PLM, BIM, building information management, product lifecycle 
management, mass customization 

Introduction 

Product platforms have been a topic of research in industrialized house building (IHB) 

for more than a decade [1] and since then are established as one of the central approaches 

to manage a balance between commonality and distinctiveness of products and processes 

in this context [2]. Predefined product platform assets are used in house building projects 

by means of design process support methods, where customized product variants are 

specified [3]. For the description of the product platforms and their use, Jansson, et al. 

[3] adjusted the phenomena model originally developed by Meyer and Lehnerd [4]. 

However, to realize such ideas, product platforms must be formalized and implemented 

in IT applications in order to manage information exchange between different design and 

engineering disciplines involved in a design process, such as architectural design and 

structural engineering [5]. Formalized product platforms and their use is covered in the 
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literature desribing IT application case studies [6-9] and developed knowledge-based 

engineering tools [10-12].  

The main prerequisite that facilitates the development of IT applications, is 

information modelling [13, 14]. The current information modeling research in the 

context of IHB shows examples of product structure modeling [15-17], process modeling 

[18, 19] and requirements modeling [20]. Although, product structure, processes and 

requirements are inseparable parts of product platforms and their use, separately their 

information models do not cover the scope of product platforms. Information models that 

can elaborate this phenomenon in a formal way and support the development of IT 

system solutions are missing in the literature. Moreover, there is a lack of knowledge in 

the current literature regarding information modeling methods that would bridge the gap 

between the conceptual phenomenon descriptions and the realized IT applications of 

product platforms and their use in the IHB design process [21]. The aim of this paper is 

therefore, to increase the knowledge on information modeling of product platforms and 

their use in the IHB design process. To accomplish the aim of the study following 

objectives are formulated. Objective 1 is to identify and compare the existing information 

modeling methods and tools. Objective 2 is to synthesize and propose an information 

modelling method for product platforms and their use in the IHB design process. 

1. Theoretical background 

1.1. Industrialized house building 

The industrialization of house building did not only imply the shift from on-site assembly 

to off-site manufacturing but also the shift from project to product and process orientation 

[2]. Different levels of technical and process predefinitions used to create offerings for 

certain markets led to a formulation of different production strategies in IHB [22]. 

Therefore, the central aspect of IHB became the development of robust technical systems 

based on the market, legal, production and supply chain requirements and constraints, 

i.e. building systems [2]. The product distinctiveness and adaptability to the 

contingencies, is enabled by applying common building systems and their design 

bandwidth in the configuration and customization processes of multi-family building 

projects [3] in an engineer-to-order (ETO) design process. On the other hand, some 

single-family house builders use their building systems and optimized off-site 

manufacturing to develop predefined catalogue designs according to the forecast for 

niche markets [22]. The select-a-variant (SV) design process is almost completely 

performed before the customer enters the supply chain. The IHB companies, can 

therefore be differentiated on whether they rely more on process (ETO) or product (SV) 

standardization after the customer entry in the supply chain [22]. In between these two 

opposite strategies (SV and ETO), house builders can engage in the configure-to-order 

(CTO) and modify-to-order (MTO) design processes, which best fit the mass customized 

house building [23]. Components modules in such offerings vary between standard (SV), 

variant (CTO), flexible (MTO) and unique (ETO) [8, 24, 25].  

The documentation and formalization of technical and process knowledge led to the 

formation of product platforms in IHB [3]. Inspired by automotive and other make-to-

order industries [26], further design flexibility and process efficiency was achieved by 

some IHB companies through the application of modularization principles when 

developing product platforms [27]. However, offering high design flexibility through an 
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efficient exploration of the building system design bandwidth while conforming to other 

contingent requirements and constraints necessitates formalization of engineering 

resources and processes as part of the product platform. These engineering resources 

should enable parametric modeling of the product geometry an behavior [8, 28].  

Information technology (IT) applications are enablers of efficient implementation of 

product platforms in an IHB design process [2, 5]. It is associated with building 

information modeling (BIM) which Sacks, et al. [28] define as “a modeling technology 

and associated set of processes to produce, communicate, and analyze building models”. 

Industry foundation classes (IFC) schema is a result of an effort to enhance the 

interoperability between different BIM tools by encompassing object, attribute and 

relation definitions across the product lifecycle in one open and consistent data 

representation standard (ibid.). However, this raises an issue of data redundancy as a 

specific use of a model in a BIM tool requires only partial model data [29]. To address 

this issue model view definitions are developed (ibid.). Integration of various BIM tools 

and platforms into an environment where product data and workflows of all product 

lifecycles, including the product development processes that take place before the 

customer order decoupling point, is suggested for IT development [28]. In the 

manufacturing industries, product lifecycle management (PLM) systems are used for this 

purpose [30]. 

1.2. Product platform use 

The concepts of product platforms and their use in IHB was studied by Jansson, et al. 

[3]. The authors collected empirical data regarding platform documentation from two 

case companies and analyzed what are the product platform assets reused in the building 

projects. Each building project was a realization of a specific product variant, i.e. 

multifamily houses. The starting point of investigation was a product platform use 

description from Meyer and Lehnerd [4] where a set of four platform assets are used in 

the development of product families across different market segments and price tiers. 

This model is valid for the manufacturing industries where the whole products and 

configuration options are predefined, and where the product variants are made-to-order. 

In the context of IHB, product platform assets are used directly in the building projects 

for the product specification without previously developed product families. The specific 

product variants are customized using support methods for product platform use: design 

planning, collaborative design, design optimization and requirements iterations [3]. 

However, an exception is the single-family house market where companies release 

predefined catalogue models [22] in select-a-variant and configure-to-order specification 

process. Another description of product platform use in the IHB design process is given 

by Bonev, et al. [23]. The description is based on the combination of the axiomatic design 

application on the product family development [26] and the upstream flow of constraints 

between different product views in the building project [17]. The product platform use 

is described through the intersection of external requirements with internal constraints 

throughout the specification process. The studies of Bonev, et al. [23] and Jansson, et al. 

[3] conceptually describe the product platforms and their use in the IHB design process, 

however the modeling of products and processes including support methods, constraints 

and requirements remains unclear.  
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1.3. Design modeling research approach  

A prerequisite for platform modelling is the phenomenological understanding of a 

product platform. Duffy and Andreasen [31] discuss different model classes in relation 

to engineering design and divide models into three classes: phenomenon models, 

information models and computer models (Figure 1). These modelling classes provide a 

relation between different models and its underlying reality. Modeling the reality is a 

way to simplify and clarify aspects related to product platforms. Phenomena models are 

of a descriptive nature that reflect design practice. These are primarily based on 

observations and analyses of the tools employed by designers and the “reality” of design. 

Phenomena models can be developed in more detail as information models that, in turn, 

support the development of computational models.  

 

 

Figure 1. Design modeling research approach (Duffy and Andreasen [30]) 

 

Understanding a phenomenon within will not necessarily lead to improvements in 

industrial practice. The models are therefore seen as prescriptive “alien” models that are 

used to alter the native way of working. Furthermore, all models are dependent on the 

chosen theoretical framework. The model is therefore a view of the phenomena, building 

on an understanding of the object of study, a theory or specific modelling principle. This 

implies that a specific theory will lead to a certain perception and representation of the 

platform. 

2. Method 

The study reported in this paper fits within the design research methodology (DRM). The 

DRM [32] proposes four stages of the research process: research clarification (RC), the 

first descriptive study (DS-I), prescriptive study (PS) and the second descriptive study 

(DS-II).  

In the RC stage, the goals that the research is expected to fulfill are defined. Other 

objectives are to define the focus of the project, main research questions and problems, 

the relevant disciplines and areas to be reviewed and the area of scientific and practical 

contribution. In order to increase the understanding of the current state in the area of 

interest and its success factors, the DS-I stage is conducted by reviewing the literature 

about empirical research, conducting the empirical research and through reasoning. In 

the PS stage, the success factors and criteria from the DS-I stage are used to steer the 

logic and the synthesis of the support artefact meant to improve the existing situation. 

The support is developed to address these key factors in a systematic way and an 

evaluation plan is developed to be used in DS-II stage. In the DS-II stage the focus lies 

on the testing and evaluation of the support artefact to identify if it can be used for the 

task for which it was developed for and if it has the expected effect on the criteria and 
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success factors identified in the DS-I stage. Therefore, possible improvements for the 

support might be identified. 

This study represents the PS stage of the DRM framework. The set of criteria for the 

support (Section 1.1) as an input to the PS stage, are identified in the DS-I stage. The 

method conducted consists of three parts: a literature review, analysis of the relevant 

information modeling methods and tools, and synthesis of the information modeling 

method that suits product platforms and their use in an IHB design process, i.e. fulfill the 

DS-I criteria.  

The first step of the literature review part was the identification of information 

modeling methods reported in the IHB literature state of the art. In the second step, 

another set of articles was identified through the backward citation search. These articles 

were referred to in connection to the identified information modeling methods from the 

IHB literature. Some of the articles from the second set are review articles that cover 

other information modeling methods not yet used in IHB context. In the third step, 

forward citation search was applied on the articles from the second set which were cited 

in a high number of other articles. In this way it was possible to identify newest relevant 

articles about information modeling methods.  

In the second part of the method, the identified information modeling methods were 

analyzed and compared. The comparison was made based on the criteria established in 

the DS-I stage of the DRM framework. Finally, the analysis and comparison of the 

identified methods enabled the last part of the research method, i.e. synthesis of an 

information modeling method for product platforms and their use in an IHB design 

process.  

3. Results 

3.1. State of the art on information modeling in IHB 

Object-oriented information models describing products, using unified modeling 

language (UML) notation were presented in several publications aimed at developing IT 

applications. Liu, et al. [33] modeled product information to describe the building 

information extraction from BIM models. The extraction is the first part of the automated 

design and planning prototype system for boarding of light-frame buildings. Similarly, 

Montali, et al. [34] develop a product model based on the design and manufacturing 

knowledge gathered on prefabricated façades. Ramaji and Memari [16] propose a 

product architecture model (PAM) to be used as an object-oriented information model 

serving as a repository of product information such as structure, property attributes and 

interactions for the multi-story modular building systems. Frutos and Borenstein [35] 

presented a framework for the development of an agile system for information exchange 

between a building company and customers that enables product customization. The 

central part of the framework is a product model. 

An example of UML modeling is presented in the product configuration system 

development framework [36]. Object-oriented models are formalization of product range 

knowledge collected and documented using product variant master (PVM) phenomena 

modeling approach. Modeling of product ranges using PVM was presented in several 

studies in the IHB context [15, 17, 37], however without presenting formalized 

information models. Another modeling approach was presented in a requirement 

management framework as a support for the modeling of energy requirements that are 
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derived from building codes, standards and local conditions [20]. The framework 

includes phenomena modeling using axiomatic design and information modeling using 

requirement-driven product modeling [38].  

Formalization of process knowledge was studied and represented using IDEF0 

notation [19] and business process modeling notation (BPMN) [18, 34].  Persson, et al. 

[19] investigated information management practices in six Swedish IHB companies and 

identified three areas to consider before investing in an IT application development: 

formal description of processes, product range description and IT strategy. Ramaji, et al. 

[18] demonstrated a development of process maps for the conventional modular building 

design process, as the part of an extended information delivery manual (IDM) method. 

Likewise, Montali, et al. [34] modeled a design process that incorporates optimization 

using custom-built digital tools. 

Through backward and forward citation search two product platform modeling 

approaches not yet applied to the IHB context were identified. These are the Design 

platform (DP) modeling method [39] and product platform development framework 

combining enhanced Function-Means (EF-M) modeling, Configurable Component (CC) 

modeling and Set-based Concurrent Engineering (SBCE) [40].  

3.2. Information modeling methods  

Based on the literature review, product and process modeling methods were identified 

and are briefly explained below based on the analysis. The comparison and the choice of 

methods for the synthesis of the modeling method for product platforms and their use in 

design processes is summarized and discussed.   

In the context of BIM, the development of model view definitions is supported by 

the IDM method suggested by buildingSMART International [28]. Three main parts of 

the IDM method are BPMN process maps, information model and exchange requirement 

specification (ERS) that describes how instantiated objects from the information model 

are used in the process. Therefore, IDM aims to facilitate the work of BIM application 

developers and end-users through the description of these three parts. 

In their recent study, Ramaji, et al. [18] propose extension of the IDM method 

adjusted for the design of multistory modular buildings. The authors address the need for 

product information models that combine and balance the project focus of the 

conventional construction and product/process focus of manufacturing industries. 

Product architecture model (PAM) is developed to be used as an information model that 

serves as a repository of multistory modular buildings information such as hierarchy 

structure, properties, attributes and interactions [16]. It has an object-oriented modeling 

rationale using UML notation and aims at decomposition of the generic building 

structure at different hierarchical levels and connecting each structure object with generic 

attributes.  

A common approach for controlling product families is to use a product 

configuration system. These are mainly used to customize a product to meet specific 

needs and constraints of a customer. Configurators rely on a detailed knowledge of the 

product platform and on design rules that can deduct a valid configuration for a specific 

set of input parameters. Configurators are often prepared by studying the components 

and structures of existing products and their lifecycle systems. An example of the 

preparation process is given by Hvam, et al. [36] through the Product Variant Master 

(PVM) method. The preparation of a product configuration system is based on an 

existing physical architecture and the product range described through different views 
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such as, customer, engineering part and supply chain. The PVM method is used for the 

analysis and visual modeling with the goal of reducing the number of unique 

components, predefinition of all module variants and standardizing the interfaces. The 

knowledge collected through PVM is further formalized using object-oriented modeling 

and UML notation, and finally programmed into a product configuration system [36]. 

Functionality is a key concept for knowledge about products and systems and several 

authors have touched upon the idea of using functions and functional couplings for the 

product platform modelling. Johannesson and Claesson [41] present the CC modeling 

technique to support the development of product platforms with functional modelling. 

As opposed to the development of a single product, the goal is not to arrive at one final 

design, rather to develop the platform from which several individual members of the 

product family can be instantiated. 

In their recent publication, Johannesson, et al. [40] propose a framework for the 

development of flexible product platforms (FPPD). The first part of the framework is 

platform preparation where platform objects are modeled using EF-M and CC modeling 

techniques. The second part of the framework is platform execution where SBCE 

processes are used. The aim of SBCE proceses is to enable an early design screening of 

sets of feasible solutions and gradual narrowing down of choice towards detail design 

phase by introduction of additional functional requirements and constraints.  

EF-M modelling [42] extends the initial function-means technique for functional 

decomposition and concept generation [43]. The initial method models functional 

requirements (FR), i.e. the solution-driving requirements, and the means, expressed as 

design solutions (DS) that deliver the desired functionality. The enhanced method 

introduces concepts that also capture the solution-restraining requirements, so-called 

constraints (C), and the relations between FRs, DSs and Cs in the same hierarchical 

model. In this way product platform modular bandwidth is captured. The scalable 

bandwidth is modeled with the CC technique by defining parameters connected to the 

modules and interfaces and by that describe different features of a platform, its 

interactions and constraints. The EF-M can be regarded as a phenomenon modeling 

method while information modeling is done using CC. Both EF-M and CC led to a 

development of a configurable component modeler (CCM) configuration system. 

André, et al. [39] developed DP modeling method, where compared to previously 

presented product platform modeling approaches (PCSD and FPPD), a step further is 

taken to even include the engineering resources in the model, referred to as design assets 

in the rest of the paper. Hence, a coherent approach to product platforms is developed, 

applicable to industries susceptible to high product customization, i.e. engineer-to-order 

(ETO) manufacturing industries.  

The purpose of the DP modeling method is therefore to support generic product and 

process modeling when it is not possible to predefine whole products and its modular 

composition as in the traditional component-based product platforms developed in the 

make-to-order manufacturing industries [44]. In such case, the design solutions of 

products and some of its parts that are subjected to customization are defined during the 

specification processes after the customer order decoupling point. Up until the point of 

design solution specification, the products and/or its parts can be described using design 

assets such as assessment, synthesis and geometry resources, constraints, processes and 

projects [45]. A DP phenomena model is shown in Figure 2. The DP modeling rationale 

is based on object-oriented modelling and the UML notation. 
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Figure 2. Design platform phenomenon model (André et al. [38]) 

3.3. Proposed information modeling method  

According to the criteria of the IHB context, the DP is the most suitable modeling method 

for product platforms (Table 1). It enables modeling of the generic product structures 

and relationships between them. By doing so it is possible to model the modular 

bandwidth of a building system. By connecting different design asset classes to product 

structure classes, it is possible to enrich the product platform objects that are instantiated 

to be used in parts of a design process. For example, if a certain product structure cannot 

be described with the solution at the beginning of the design process it can be described 

with a parametric model (geometry resource) and a performance analysis guideline 

(assessment resource). To enable modeling of the product platforms and their use in a 

IHB design process, the DP modeling method can be paired with BPMN process maps 

and ERS from the IDM method (Figure 3).  

 

Figure 3. Proposed information modeling method for the product platform use in the IHB design process  

D. Popovic et al. / Product Platforms in Industrialized House Building330



 

 

ERS is a matrix-based tool that describes which product platform model objects are 

used in BPMN process maps and when via exchange models. Exchange models are 

represented as columns while product platform objects and corresponding attributes are 

represented as rows. Exchange models are visualized in BPMN process maps where they 

connect process activities and different design disciplines [18]. 

4. Discussion  

Varying external requirements and constraints meet internal requirements and 

constraints, and thereby affect the level of product design predefinition. Before the 

product variant specification is initiated for a customer, products can only partly be 

predefined with some design solutions. During product variant specification, engineering 

design is needed to obtain a solution for a product variant. Therefore, a single product 

variant can be mix of components and assemblies that were created through ETO, MTO, 

CTO and/or SV design processes [8, 24, 25]. Moreover, resulting design solutions are a 

mix of modular and integral architectures.  

If compared to the IDM as presented by Ramaji, et al. [18], PAM is replaced with a 

DP modeling method (Table 1). The PAM objects cover structural design of modular 

multistory buildings while the mechanical, electrical and plumbing (MEP) system 

designs that often require unique (ETO) solutions are not modeled. Up until the point of 

defining the solution, DP enables modeling of such unique systems through design 

assets. A sole component focus of PAM does not suffice to model product platforms. 

PAM, having the scope of BIM, models product structure objects with constraints as 

attributes hence does not capture different design assets as the PLM-oriented DP 

modeling method does. 

The DP modeling method complements IDM and vice versa. In a DP model, 

standardized processes are modeled as object classes. However, there is a lack of process 

representation and visualization where it would be clear how the instantiated objects 

from a DP model are used, i.e. the use of product platforms. Contribution of the IDM 

method to this issue is the process modeling with BPMN process maps and product 

platform use with an ERS.  

 

Table 1. Comparison between information modeling methods  

Modeling 

characteristics 

UML notation EF-M and CC 

PAM DP PCSD FPPD 

Product type Modular Modular, scalable and 
customized

Modular Modular and 
scalable   

Design process type CTO ETO, MTO, CTO, SV CTO CTO, MTO 
Product structure Yes Yes Yes Yes 

Design assets No Yes No No 
Requirements / 

constraints
Yes Yes Yes Yes 

 

The PCSD framework [36] is also based on object-oriented information modeling 

where it is possible to model the modular bandwidth of the configurable products, such 

as cars. Such approach is applicable for some housing concepts however, requires a ful 

predefinition of high level assemblies in the product structure, such as volumetric 

elements of the houses. Therefore, the lack of possibility to model the scalable bandwidth 

is the main reason not to choose modeling rationale of the PCSD framework. 
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The main goal of the flexible product platform development framework [40] is to 

enable modular and scalable bandwidth modeling using EF-M and CC, respectively. The 

product platform use is described through the SBCE processes. However, the modeling 

rationale behind EF-M and CC that aims at fully modular product architectures does not 

suit products such as houses. The one-to-one matching between the design solutions and 

functional requirements throughout the product structure does not fit often integral 

architectures of house elements. For example, an exterior wall as part of a building 

system can be regarded as a design solution that fulfills several functional requirements.  

The aim of IDM method is to support the development of MVDs that ultimately 

should delimit and partition IFC schema and by that enable structured and efficient 

information exchange between BIM tools [28]. However, the focus application area of 

BIM is conventional project-oriented house building. Frequent arguments are currently 

made that the IHB companies should consider developing PLM systems due to the 

increasing product and process orientation [23, 30]. Formalization of a product platform 

in a PLM system is what the DP modeling method supports. By combining IDM and DP 

in the proposed information modeling method, the scope of modeling is extended to 

include even product development and predefinition processes before the projects are 

initiated. These are the first phases of PLM [46].  

Regarding the practical implication of the proposed information modeling method, 

implementing it in an IHB company does not directly result in an IT application. 

However, it is a step that preceeds and supports a development of an IT application 

through information modeling [31]. The scientific contribution of this paper is an 

increased knoweldge of how product platforms and their use in the IHB design process, 

as described with the phenomena models of Bonev, et al. [23] and Jansson, et al. [3] can 

be modeled.  

5. Conclusions 

The conducted prescriptive study, based on the literature review as presented in the 

paper, resulted in a synthesized information modeling method for product platforms and 

thier use in the IHB design process. The method is an alteration of IDM as presented by 

Ramaji, et al. [18]. The information modeling of product platforms, i.e. hierarchically 

structured parts and available design assets, is done according to the DP modeling 

method. From the IDM method, the BPMN process maps can be used to model design 

processes and an ERS to model the connection between a product platform information 

model and process maps, hence describing the product platform use. Such a method suits 

best the criteria of the IHB context. Compared to BIM, the modeling scope of the 

proposed method includes the product development and predefinition processes taking 

place before/aside the projects, therefore supporting PLM system implementation. 

Suggested future work is conducting the DS-II stage of the DRM and test the proposed 

information modeling method in an IHB case study. An empirical study should be 

conducted to collect the data and information regarding design process, product platform 

and its use using interviews and workshops with the domain experts. The method should 

be used to model and display this data. Finally, the obtained models should be validated 

and evaluated through a workshop with the domain experts. 
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