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INTEGRATED PRODUCT STRUCTURE AND 
CONFIGURATION AS A PREREQUISITE 

FOR THE DIGITAL TWIN
In the case of complex, multi-variant products such as a vehicle, the digital twin is the foundation for validating all  
possible variants of the product. At the same time, the variance is the driver for the complexity. Consequently, it is hard 
to integrate all relevant aspects required for the product development process in an integrated product model. Together 
with a customer, PROSTEP has therefore developed a methodology that anchors the variance more firmly at the level of  
individual vehicle modules. It is described in this white paper.



2

Integrated product structure and configuration as a prerequisite for the digital twin



3 www.prostep.com
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A digital twin is a virtual image of a real product that already exists or will exist in the future. As the num-
ber of variants increases, it plays a key role in validating all potential versions of a product. At the same 
time, mapping the whole range of variants in a digital twin poses considerable challenges for developers of 
complex products with many variants, such as vehicles. They must document and validate a multitude of 
theoretically possible product configurations that may in fact never be built. And up to now they have been 
doing so at the level of the entire vehicle.

Enabling complete digital validation of a vehicle in the development process is the goal of an ambitious 
project at a well-known German car manufacturer. And PROSTEP supported them as an innovation part-
ner. One of the prerequisites for achieving this goal is the integrated mapping of aspects such as variance, 
geometry, vehicle software and BOMs in a cross-system model. Up to now, these aspects have been docu-
mented in different structures, resulting in cost-intensive and error-prone duplicate documentation. 

To implement the concept of a digital twin for all product variants in a PDM system, the relevant aspects 
must be consolidated in one model and presented in special views. By standardizing the structures, the 
customer intended to shorten documentation cycles and improve transparency in downstream processes.

PROSTEP worked with the customer to develop a new methodology for documenting product structures 
and product configurations and implemented a pilot in the customer’s PDM environment. Whereas the 
product structure represents the product on the level of its parts or as a BOM, the product configuration 
describes which variants of the product exist and which modules are used. PROSTEP’s approach is to tie 
variance closer to the level of individual modules instead of the product structure of the entire vehicle, thus 
allowing the variants to be validated independently of each other.

The new solution has been developed over the past three years and will now be rolled out successively in 
departments dealing with modules containing a large number of variants. This should lead to a noticeable 
improvement in the development process over the coming years. The technical expertise of the PROSTEP 
developers, their knowledge of the customer’s internal PDM processes, agile collaboration with the cus-
tomer’s project teams and early prototyping to evaluate the concepts were all crucial for the success of 
the project.

Introduction/Abstract
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One of the challenges with the increasing number of variants in vehicle development is that variants are 
defined and documented at the level of the complete vehicle. From provisioning of geometry, through 
collision calculations and simulations and right up to validation, the entire 150-percent BOM must always 
be fed through the process. Even if many analyses can be carried out on certain key vehicles, such as the 
largest, smallest and most often built, the information must still be documented in such a way that at least 
the safety-critical aspects of all potentially possible vehicles can be validated.

When we speak of documentation in this context, we mean the consistent mapping of the 150-percent 
BOM with all variants in an IT system in such a way that it is still manageable in the different domains. Al-
though PDM systems have become more powerful in recent years, variant and configuration management 
has not kept pace with the exponential growth of different variants. Nowadays, a complete vehicle with all 
its equipment options and other variants consists of approximately 50,000 individual parts. The application 
of combinatorics results in a calculated total complexity of 250.000 variants.

A car seat alone can have six or seven main features in terms of high-level configuration (HLC): Standard or 
non-standard seat, with manual or electric adjustment, with or without lumbar support (lordosis support), 
ventilation, heating, massage function or function for storing seat settings. This results in two to the power 
of seven, or 128, possible seat configurations, each with all their technical and sales dependencies. This 
web of dependencies runs through the entire vehicle. For instance, a sports package will include sports sus-
pension as well as the sports seat and sports steering wheel. A high-performance engine requires different 
brakes and a different gearbox.

The HLC concept is typically implemented in the PDM system and includes the rules for the available op-
tions or product variants. And during low-level configuration (LLC), the parts required for production are 
selected on the basis of rules from the 150-percent BOM and assigned to the options. Above a certain 
number of options in high-level configuration and parts in the BOM, however, the processes can no longer 
cope with this approach, and this for example has led to different structures for design and logistics.

Process participants in design, logistics and variant management used different documentation methods 
to describe geometry, BOMs and the configuration, with the result that there was no consistent overall 
documentation to represent the digital twin in the early phases of engineering. Furthermore, the effects of 
complex configuration rules on the BOM were difficult to understand. This led to many errors and manual 
rework or phone and email queries.

The objective of the joint project with PROSTEP was to improve the PLM processes using the digital twin. 
To achieve this, the structures to describe the product in engineering were to be documented consistently. 
In particular, the aim was to implement the structures for representing geometry, variance and logistics by 
a transparent documentation method in the PDM system and thus to coordinate the development process 
and all process participants efficiently.

Growing number of variants
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PROSTEP’s approach applies the idea of modularization from the realm of software development to BOMs 
in PDM systems. When developing software modules, global variables are avoided and the modules are 
separated from each other using clearly defined interfaces so that they can be reused, modified and fur-
ther developed without impacting each other. As far as product configuration is concerned, this means, 
among other things, reducing the number of potential variants, restricting the scope of design variables 
and isolating the internal configuration logic of the module from external conditions.

The key innovation is to systematically implement the modular approach in the product structure and con-
figuration and to connect the modules with each other via interfaces. To achieve this, the vehicle is divided 
into 20 to 30 modules at the top level, and these modules can be configured by means of logical terms. A 
module describes all aspects (geometry, variance, logistics) of an assembly in a consistent representation. 
It can be structured and contain further modules, fixed assemblies or even individual parts.

The modular approach is nothing new: carmakers have been developing their vehicles using modular prin-
ciples for a long time (for example the “modular transverse matrix”), but until now this approach could not 
be adequately implemented in PDM systems. It used different structures for mapping variance, and these 
could only be linked to each other globally. As a result, variants could only be controlled in the BOM using 
the entire structure. Control was not possible at the module level because there was only one configura-
tion space (HLC). In the case of very complex assemblies with many variants such as a car seat, this led to a 
high degree of complexity that had to be managed throughout the entire process. This was time-consum-
ing and very error prone.

 

Essentially, what PROSTEP has done is to dissolve the HLC rules and separate the cross-module dependen-
cies from the internal module configuration logic. Instead of always using the entire configuration space 
of the product with several thousand variables to define the variance of the module, the modules are 
assigned their own configuration spaces (HLC and LLC). They are smaller than the total configuration space 
by orders of magnitude because the rules for the configuration of seats no longer need to know anything 
about engine configurations. This alone dramatically reduces the complexity of the modules and the over-
all vehicle. This makes it possible to make statements about the use of parts across all variants of a product 
line within a reasonable timeframe.

Modularization of product configuration
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Dependencies between certain modules (e.g. high-performance engine requires high-performance brakes) 
– and only these dependencies – are managed in the overarching HLC layer. In addition, each module 
contains its own technical configuration variables and declares them in the form of an interface. When 
a module is used in the product or within another superordinate module, the configuration variables of 
the superordinate variance space are mapped to the space of the used module. For example, the “Seat” 
module has external interfaces that determine whether a seat has heating, automatic seat adjustment or 
a massage function. They also determine the seat covering (leather, fabric) and its color. Technical depen-
dencies within the module are encapsulated from this external interface. Among other things, these may 
dictate that the motor for the automatic seat adjustment requires special provisions in the backrest. And 
the same applies to the motor for the massage function.
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Module-specific configuration spaces have the advantage that assemblies can be documented inde-
pendently of other assemblies and of sales relevant aspects. Typically, technical and sales-related aspects 
are mixed in HLC leading to additional complexity. Separation of documentation contexts in line with the 
principle of “divide and conquer”, well known in software development, significantly reduces complexity 
and makes complexity more manageable.

The approach implemented by PROSTEP decouples the technical configuration at the lower structural lev-
els from the more sales-oriented product configuration at the level of the complete vehicle. This not only 
makes configuration of a complex assembly such as a seat easier, it also makes it more comprehensible for 
the engineer. Furthermore, this approach is less prone to changes and unwanted side-effects. From a tech-
nical perspective, the features of a seat determining its variants are usually more stable than the factors 
affecting the decision to use specific seat variants in specific vehicle types.

If the configuration of the seat were directly linked to the vehicle type, the documentation of the configu-
ration would have to be entirely rewritten if the seat is fitted in another vehicle, as this is the case with the 
traditional “clone and own” approach. Any changes to the seat would also have to be documented again in 
all vehicle ranges and assembly scenarios. With a module it is quite simple to specify a sports seat as part 
of a sports option package without linking the seat to a specific vehicle or a specific engine.

PROSTEP’s approach to the solution does not reduce the number of variants, but it makes them more 
manageable by reducing complexity. Engineers can concentrate on their own documentation tasks be-
cause they do not have to deal with aspects related to other assemblies. For the customer, the greatest 
benefits are reduced documentation effort and shorter documentation cycles because of avoiding errors 
and increasing transparency. It is not yet possible to quantify the amount of time the customer saves in the 
development process, but first results look promising.

Advantages of the modular solution approach
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The fundamental challenge of the project was to develop a methodology, both hiding the complexity of 
the overall product and coherently presenting the content of the documentation and its impact on the 
variance. In particular, the impact of any change at HLC or LLC level should be transparent to the users. 
PROSTEP put a lot of effort into dissolving the HLC to encapsulate the configuration logic of the modules 
and to separate out the cross-module layer of dependencies. The module structure and the geometric 
structure of the modules have not fundamentally changed, but the set of rules associated with them has, 
and is now independent of the overarching HLC.

Mapping the module-specific rule sets in the customer’s PDM system was another challenge, as the mod-
ular concept is not supported as standard. It was necessary to adapt the data model to support this capa-
bility. In order to model the modules it was necessary to create new objects allowing documentation to 
be done in line with the method presented here. The user interface also accesses these new objects with 
their data. The development of a new user interface was key to the success of the project and to users 
acceptance.

Even if complexity is significantly reduced by modularization, defining the vehicle structure and its variance 
is still a daunting task. In part, the complexity is shifted from logical rules within the module to interfaces in 
variance spaces. If the engineers in vehicle development are to master this complexity, they need a power-
ful and intelligent management interface. It should not be just user-friendly, but also contain appropriate 
logic components to make the effects of any changes to logical rules transparent even during editing.

In the past, engineers used a two-dimensional Excel spreadsheet to define the relationships between com-
ponents and options. In a second, manual step, this information was then translated into Boolean oper-
ations for controlling variance in the PDM system, a job usually done by external software developers. As 
part of the project, PROSTEP merged and automated the two steps. In an Excel like user interface, users 
are able to tick the relationships between options and components in the usual way, while an algorithm 
translates these relationships into Boolean expressions and stores them in the PDM system.

The new user interface allows users to focus on documenting the facts, while the rules controlling variance 
are generated in the background. This is not only faster, but also less error prone. Pre-defined checking 
rules ensure a far more consistent documentation of product variants. To improve transparency, PROSTEP’s 
software developers provided a variant planner with an integrated interactive variant preview and an inter-
active impact analysis for the assembly process.

The challenges of the project
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In addition to their expertise in designing complex software architectures and graphical user interfaces, 
PROSTEP’s software developers provided many years of PLM experience and in-depth knowledge of cus-
tomer’s processes. They have been working for the customer for many years and hence have an intimate 
knowledge of their PLM processes and systems. Beyond this, PROSTEP also adds product configuration 
experts with a track record in modeling and solving complex problems using mathematical logic.

Right from the start of the project, developers relied on early prototyping together with the customer 
to achieve the best balance between methods and their implementation in software. This allowed the 
implemented concepts to be evaluated directly in the software based on real data. In line with the “fail 
fast” principle of the agile approach, concepts and methods were improved incrementally and iteratively 
and further developed until they went live. Users were involved in the agile development process, directly 
taking their feedback into account. As a result, the solution reached a high level of acceptance even during 
the development phase.

The agile approach contributed significantly to the success of the project because functions could be eval-
uated early on and tested on real-life use cases. In this way, the original idea evolved into running software 
meeting customer’s demands in terms of performance, robustness, range of functions and usability. PROS-
TEP used a scrum-based agile process model that was adapted to the customer’s specific conditions. 

The success of the project would not have been possible without a cooperative partnership based on mu-
tual trust between business and IT on the customer side and analysts and developers from PROSTEP. The 
stable project environment provided a reliable organizational framework. PROSTEP also deployed a fixed 
team of analysts and developers, and this team remained stable throughout the entire development peri-
od. The positive side-effect of this was that all expertise accrued over the duration of the project benefits 
to the final result.

As the number of variants increases, the digital twin plays a key role in validating all potential versions of a 
product. At the same time, the sheer wealth of variants makes integrating geometry, vehicle software and 
the BOM including all variants in one IT system more difficult. To overcome the limitations of the previous 
way of documenting product structure and product configuration, PROSTEP has developed an innovative 
solution for a well-known German carmaker. This approach takes the concept of modularity from software 
development and applies it to product configuration.

The key innovation is the mapping of configuration logic to a module specific HLC and connecting modules 
via well-defined interfaces so that module variants can be defined independently from each other. The 
approach decouples technical configuration of modules from sales-oriented product configurations at the 
level of the complete vehicle. This reduces not only the complexity, but also documentation effort and 
makes the configurations more comprehensible to the users.

PROSTEP’s software developers have implemented the solution in the customer’s PDM system and suc-
cessfully tested it using a prototype with real data. They have also developed a new user interface auto-
mating generation of Boolean rules for controlling the variance in the bill of materials. The agile approach 
to the implementation of the proposed solution was key to the success of the project and to users’ accep-
tance. Even though the current approach focuses on mechanical BOMs, it can also be translated to E/E and 
software components and applied across domains. As a result, it is the prerequisite for a full representation 
of the digital twin.

Agile approach as a success factor

Summary
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