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Abstract.  
This paper presents an integrated approach that combines Industrial Design 
Structure (IDeS) methodology with Human-Centered techniques to optimize the 
safety and comfort of hybrid sports vehicles. The study begins with an in-depth 
analysis of styling trends and then moves on to custom 2D and 3D modeling. A 
unique method employing calibrated dummies allows customization of the di-
mensions of the passenger compartment, prioritizing ergonomic features. It has 
been observed that this approach improves vehicle aesthetics and ensures optimal 
ergonomic design while prioritizing occupant safety and comfort. In conclusion, 
this integration not only reduces design time, but also effectively combines at-
tractive styling with passenger comfort and safety, representing a holistic solution 
for design optimization of hybrid sports vehicles. 
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1 Introduction 

1.1 IDeS Method & Ergonomics in Car Design 

Until the early 2000s, automobile design heavily relied on the remarkable skills of re-
nowned designers such as Giorgetto and Fabrizio Giugiaro, Ugo and Elio Zagato, Gio-
vanni Bertone, Sergio and Andrea Pininfarina, Frank Stephenson, and Chris Bangle. 
This period was characterized more by craftsmanship than by industrial processes. 
The aesthetics of a vehicle often outweighed technical features in determining its mar-
ket success, leading many companies to invest significantly in skilled designers to en-
sure their products' appeal. Notable examples of this era include Giugiaro's FIAT Panda 
and Volkswagen Golf, Pininfarina's Ferrari Enzo, and Bertone's Alfa Romeo GT. 

This scenario persisted until Lorenzo Ramacciotti, former CEO of Pininfarina, de-
veloped a systematic method of style-oriented design for the automotive industry. Ra-
macciotti's method allowed companies to organize their design processes systemati-
cally, providing even less experienced designers with a structured approach to 
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achieving aesthetically successful designs. This method laid the groundwork for what 
would become known as Stylistic Design Engineering (SDE) [1]. SDE is a product 
design methodology that encompasses the study and analysis of current style trends, 
their relationship to customer needs, and their visualization through sketches. The 
method follows six key steps: 

 
1. Stylistic Trend Analysis: Analyzing current stylistic trends preferred by cus-

tomers, such as Advanced Design, Natural Design, Stone Design, and Retro 
Design. 

2. Sketches: Creating artistic, dimension-free representations of the new car, 
typically using pencils. 

3. 2D Drawings: Transforming sketches into technical, dimensioned drawings 
using 2D CAD software like Autodesk AutoCAD. 

4. 3D CAD Models: Developing three-dimensional models from the 2D draw-
ings using 3D CAD software such as PTC Creo, Dassault Catia, and Siemens 
NX. 

5. Rendering: Digitally representing the 3D model in a real-world environment 
using software like V-red and 3D Studio Max. 

6. Solid Stylistic Model (Maquette): Producing a full-scale, painted model of 
the car to guide the engineering and industrialization process. 

 
The University of Bologna has extensively studied and validated the SDE process 

through numerous car design projects. This research highlighted the method's potential 
for new technical and scientific applications, particularly with the advent of Industry 
4.0 technologies. 

Building on the foundations of SDE, the Industrial Design Structure (IDeS) method 
was developed [2]. IDeS leverages the strengths of previous methods and applies them 
to various sectors, notably the automotive industry. According to the Industrial Design-
ers Society of America (IDSA), industrial design involves creating products and sys-
tems that optimize function, value, and appearance for both users and manufacturers. 
This multidisciplinary activity requires close collaboration between management, mar-
keting, engineering, and manufacturing to meet stringent innovation requirements. 

The IDeS method follows a structured analytical framework that guides the entire 
product development process, from market analysis to concept realization and proto-
typing. This approach allows companies to clearly outline tasks and assign responsibil-
ities within their teams, ensuring efficient project management. Key stages of IDeS 
include: 

 
1. Design Setting: Conceiving a new product idea through Quality Function De-

ployment (QFD) and benchmarking analysis, followed by defining innovative 
aspects via Product Architecture and Stylistic Design Engineering (SDE). 

2. Product Development: Building a 3D model based on functional and aes-
thetic criteria, creating final renderings, and proceeding with prototyping. 

3. Production: If the prototype meets all criteria, production commences (not 
covered in this paper). 
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The main goal of IDeS is to minimize technical shortcomings and market failures by 
providing a clear, step-by-step process for product development [3]. This structured 
approach is illustrated in the figures accompanying this paper, highlighting the detailed 
subdivision and integration of the IDeS method into industrial departments. 

Ergonomics in car design is a fundamental component for ensuring the comfort, 
safety, and satisfaction of both drivers and passengers [4].The interior design of vehi-
cles must consider a wide range of ergonomic factors to enhance the driving experience, 
with particular emphasis on the driver's position and seat comfort. Designing the driv-
er's position is a multifaceted process aimed at ensuring optimal visibility, convenient 
access to controls, and a comfortable posture. This involves the strategic placement of 
elements such as seats, steering wheel, pedals, and mirrors to accommodate drivers of 
various sizes and preferences. The pivotal reference point is the driver's hip point, de-
noted as the seat reference point (SgRP), whose position significantly influences the 
entire vehicle package. Changes to this point have extensive repercussions. Automakers 
utilize various dummies, with the SAE 95th percentile male dummy commonly chosen, 
to establish initial interior space accommodating a global population majority[5]. 

1.2 Objectives and Scope of the Study 

This paper aims to enhance ergonomic design in car interiors to improve comfort, 
safety, and satisfaction for both drivers and passengers. To achieve this goal, we pro-
pose an innovative approach that integrates the Industrial Design Structure (IDeS) 
methodology with advanced ergonomic modeling techniques. The study focuses on the 
product architecture development phase, where the use of calibrated dummies allows 
customization of passenger compartment dimensions, prioritizing ergonomic features. 

Therefore, the ultimate objective is to provide a comprehensive solution for design 
optimization that merges attractive styling with enhanced passenger comfort and safety. 

2 Material and methods 

As illustrated in the introduction, the features to be implemented in the product archi-
tecture were derived through an analysis conducted using the Quality Function Deploy-
ment (QFD) method [6], with the results expressed through matrices as depicted below. 

 

 

Fig. 1. QFD matrices  

Subsequently, a benchmarking analysis was conducted to understand the strengths 
of competitors and aim to surpass them. Given the chosen segment, the most popular 
sports coupés were analyzed and compared through a top-flop analysis. 
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Fig. 2. Benchmarking and top flop analysis. 

2.1 Product Architecture 

The customer requirements necessary to implement in the vehicle must now be trans-
lated into the architecture in a manner consistent with the characteristic dimensions 
dictated by the SAE (Society of Automotive Engineers) [7, 8].  
 

 

Fig. 3. Interior space division [1) front compartment, 2) passenger compartment, 3) rear com-
partment, and visibility cones] and Important dimensions in defining interior spaces in an auto-
mobile design [A) wheelbase, B) effective longitudinal space, C) front overhang, D) rear over-
hang, E) passenger compartment-front axle distance, F) passenger compartment-rear axle dis-
tance, G) seat row spacing, H) driving position-front axle distance, L) upper floor-ground floor 
height, M) seat-ground floor height] [9]. 

 

 

Fig. 4. Product Architecture schematization. 

2.2 Occupant Packaging   

As discussed in the preceding chapters, the vehicle modeling process necessitates a 
meticulous consideration of spatial requirements for occupants [10]. To address this 
vital aspect, a human body surrogate, precisely calibrated to approximate general hu-
man proportions, was meticulously developed for accurate outcomes[11]. 
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Fig. 5. Dummy modelled with armature to be set in the car occupants positions. 

Utilizing the robust capabilities of Blender software, the human surrogate was intri-
cately constructed into distinct components, organized into key segments: 
 
Body: Includes the head, torso, and pelvis. 
Arms: Encompasses the shoulder, forearm, and hand. 
Legs: Consists of the thigh, calf, and foot. 
 

To facilitate specific purposes, such as configuring seating positions for both the 
driver and rear passengers, an intricate hierarchy was established using "armatures". 

These armatures function as versatile geometric structures, providing precise control 
over each component and facilitating the achievement of desired postures and arrange-
ments [5]. 
 

Through the creation of a digital mockup [8], it is possible to integrate the technical 
choices of the product architecture with ergonomic constraints to define the design and 
subsequently the three-dimensional model of the vehicle.  
 

  

Fig. 6. Product architecture integrated into the final model (a: front engine, b: batteries). 

To consolidate all the considerations adopted during the product architecture phase and 
the definition of characteristic dimensions and volumes, an innovative approach has 
been chosen for the creation of the bodywork. Indeed, the final vehicle modeling is 
carried out using the open-source software Blender in a hybrid mode. A virtual reality 
headset is utilized to trace the styling lines and initial surfaces of the bodywork, while 
the details and necessary corrections are defined using the traditional method with a 
mouse and keyboard [12]. This approach allows for direct vehicle modeling without 
losing dimensional references [13], thanks to the three-dimensional architecture that 
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includes the dummies and the ability to personally experience the actual dimensions of 
the vehicle through virtual reality [14].  

3 Results  

Following the modeling phase, a three-dimensional model is obtained that not only 
meets the client's technical and dimensional requirements but also aligns with their sty-
listic preferences. 

 

 

Fig. 7. Blueprint of the final version. 

 

Fig. 8. Bodywork components 

 

Fig. 9. Ergonomic study in virtual reality environment 

 
The final model not only shapes the lines decided upon during the stylistic study but 
also seamlessly integrates all choices for the internal architecture made in the initial 
stages of research. As depicted in the following figure, the chosen hybrid powertrain 
components are visible.  
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To fully appreciate the quality of the bodywork surfaces and the details achieved in the 
finished product, renders were created in both a controlled studio lighting environment 
and realistic showroom settings. 

 

 
 

 
Fig. 10. Final renderings (a: lateral view,  b: top view, c: in studio ambient) 

4 Discussion & Conclusion  

The integration of the IDeS Method offers a valuable approach to thoroughly analyze 
the passenger compartment, focusing on safety and comfort. A novel approach involves 
shaping car designs based on occupants' specific ergonomics using calibrated dummies: 
tailoring cockpit dimensions in this way and direct 3D modeling allows for extreme 
customization, accommodating the driver's unique postural requirements and physical 
considerations.  

This approach not only enhances the vehicle's stylistic appeal but also prioritizes 
ergonomic characteristics. The ergonomic analysis plays a pivotal role in defining the 
vehicle's interior spaces, ensuring a comfortable and safe driving experience for both 
the driver and passengers. The human-centered design approach enables the modeling 
of interior spaces while considering factors such as driver height, posture, and visibility. 

In conclusion, the design of a hybrid sports vehicle requires an integrated approach 
that considers both aesthetic and functional aspects of the vehicle, ensuring harmony 
between design, ergonomics, and powertrain performance. The use of innovative meth-
odologies and advanced design tools has enabled the development of a final model that 
meets the needs and expectations of users, offering a comfortable, safe, and rewarding 
driving experience.  
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