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Figure 1: When using 2D generative AI, car interior designers often face challenges in generating realistic renderings from
sketches of entire cabins and in exploring numerous combinations of various interior components. To address these challenges,
we propose a simple yet effective component-wise design workflow consisting of four stages: sketching components, where
designers (a) choose a 3D cabin template of a car body type among many, consisting of cards that represent key components,
(b) sketch a cabin roughly on top of the chosen template to (c) establish an initial concept, and (d) sketch each component in
detail (e) to elaborate the concept; generating components and composing cabin, where designers (f) generate 2D renderings for
multiple variations of each component and compose them in perspective views using the mixing palette to (g) pre-visualize the
cabin; and generating cabin, where designers (h) generate high-quality cabin renderings using the preferred pre-visualization
as input and (i) select a desired output.

Abstract
While car exterior designers are adopting 2D generative AI in their
workflows, interior designers still face significant challenges. AI
often fails to capture intended forms and layouts from interior
sketches typically drawn in extreme perspectives and containing
multiple components. Moreover, designers must rely on extensive
manual work to explore numerous combinations of various compo-
nents across different views. Thus, we propose a novel workflow in
which designers sketch components individually, generate refined
renderings for each component, and compose them to pre-visualize
concepts. This pre-visualization then serves as input for generating
high-quality renderings. We first interviewed interior designers
to identify key challenges. We next developed a proof-of-concept
system and conducted a pilot study to test its usefulness. We fi-
nally improved the system based on additional requirements and
conducted a formal user study, demonstrating that our simple yet
effective workflow supports designers in exploring, composing, and
refining cabin designs into high-quality results.
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1 INTRODUCTION
With recent advances in 2D generative AI, its application to car
exterior design has been actively studied. As a result, car exterior
designers are now increasingly using 2D generative AI to obtain
realistic renderings from their rough sketches, helping them quickly
explore a wide range of possibilities and refine them into concrete
concepts [33]. In contrast, car interior design has received compar-
atively little attention, and interior designers still face significant
challenges in applying 2D generative AI to their workflows.

Whereas car exteriors are approximately single, unified forms
[21, 41], car interiors consist of multiple components layered over
one another [13, 16, 30], making them much more complex. This
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complexity makes it difficult for 2D generative AI to faithfully cap-
ture the intended forms, sizes, and positions of individual compo-
nents from designers’ sketches, resulting in unrecognizable render-
ings unsuitable for actual design processes (Figure 2). Furthermore,
designers must explore and compare numerous combinations of
various components across different views, requiring extensive
manual work in current workflows.

To address these challenges, we propose a simple yet effective
workflow for car interior design using 2D generative AI (Figure 1). In
our workflow, rather than using a complete sketch directly as input,
designers sketch each component individually, generate refined
renderings from these sketches, and compose them in perspective
views to pre-visualize an entire cabin. This pre-visualization serves
as input for generating high-quality cabin renderings from any
desired viewpoint, at a level of quality suitable for professional use.

This paper makes the following contributions:
• We interview car interior designers and identify the key chal-
lenges they face when applying 2D generative AI in practice
(Section 3).

• We propose a novel workflow tailored to address these challenges
and validate its feasibility through a pilot study with car interior
designers (Section 4).

• We introduce novel user interfaces, including the 3D cabin tem-
plate and themixing palette, that enhance the proposed workflow
(Sections 5 and 6).

• We conduct a formal user study with car interior designers, show-
ing that our system enables fluent expression of complex car
interiors, efficient exploration of design alternatives, and rapid
production of high-quality design outputs (Sections 7 and 8).

2 RELATEDWORK
In this section, we first describe the unique complexity of car in-
terior design and the challenges designers face when producing
concept renderings in the early stages. We then review prior at-
tempts to apply 2D generative AI to car design and discuss why
they are limited in interior contexts. Finally, we introduce 3D card-
based sketching as a method to guide 2D generative AI and explain
how our work extends previous approaches in this area.

2.1 Car Interior Design
In the early stages of the car interior design process, designers
collaborate with engineers to establish engineering packages that
define the dimensions and spatial arrangements of interior compo-
nents, accounting for car segment, ergonomics, and safety regula-
tions [3, 30]. Based on these packages, designers develop each com-
ponent’s specific form, color, material, as well as its usability and
manufacturing strategy. From concept ideation through mass pro-
duction, designers communicate their ideas primarily through cabin
renderings across design and engineering teams. Consequently,
designers invest substantial time and effort in creating cabin ren-
derings that adhere to engineering packages and achieve a high
level of visual realism.

At the same time, the inherent structural complexity of car inte-
riors further complicates this process. Car interiors comprise multi-
ple components, such as dashboards, door trims, consoles, steering
wheels, and seats [13, 16, 30]. These elements are typically designed

with the manufacturability, assemblability, and cabin spaciousness
in mind, often resulting in box-like forms with low profiles [37, 43].
Each component is positioned relative to reference planes that en-
close the cabin space [19]. The size and placement of components
vary depending on the vehicle’s type and intended use [4, 19, 30, 37].
For instance, a pickup truck may feature a large steering wheel and
a high seating position, while a roadster tends to have a smaller
steering wheel and a lower seating position. Each component must
meet a high standard of design quality, while contributing to a
cohesive and harmonious cabin interior as a whole [13].

Due to this complexity, designers face several challenges when
producing concept renderings. They must accurately depict all
components at appropriate sizes and positions in accordance with
the specifications of the target vehicle. In addition, they must adopt
wide fields of view and extreme perspectives to convey interior
views as experienced by occupants [12, 16, 41]. At the same time,
they must sketch multiple ideas for each component and compose
them within perspective views of the cabin to explore alternative
combinations and identify the most suitable one. Moreover, they
must redraw the entire scene from scratch when visualizing the
design from a new viewpoint.

This study aims to support the early stages of car interior design,
where designers must rapidly explore a wide range of possibilities
and visualize their ideas as high-quality renderings.

2.2 2D Generative AI-Based Car Design
In car exterior design, many approaches have been proposed to help
designers generate realistic renderings that faithfully capture their
creative intent using 2D generative AI. Various studies and com-
mercial tools let designers produce outputs that closely align with
their text prompts and sketches [1, 2, 5, 26, 32, 42, 44]. Some studies
let designers generate renderings from multiple viewpoints using
3D references such as 3D CAD models [29], physical prototypes
[47, 48], and 3D sketches [27]. Other methods further incorporate
engineering constraints, such as aerodynamic performance [18, 38].

However, 2D generative AI often struggles to produce high-
quality renderings when input sketches contain many overlapping
elements or are drawn in extreme perspectives [7, 24]. This poses a
significant challenge for car interior design, where every compo-
nent must appear at the appropriate scale in the correct position
according to car body types.

Previous studies have attempted to overcome such limitations
by introducing constraints such as color cues [39], bounding boxes
[28], or segmentation masks [35]. However, these methods are
typically based on simplified line sketches of single objects and
struggle to generate coherent scenes composed of multiple com-
ponents. Other approaches attempt to separate stylistic elements
(e.g., color and material) from functional elements (e.g., size and
structure), generating them independently and recombining them
[11, 15]. Yet, they still face difficulties producing consistent ren-
derings from complex line drawings, such as those found in car
interior sketches. To address these unique challenges in using 2D
generative AI to produce realistic cabin renderings from complex
line sketches, this study proposes a simple yet effective approach
that generates component renderings separately, composes them
into a pre-visualization, and then generates a full cabin rendering.
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2.3 3D Card-Based Sketching
3D sketching is an interaction technique that allows designers to
express form ideas as 3D curves using pen input, much like drawing
on a digital tablet. The most commonly used 3D sketching method
involves projecting 2D curves onto predefined 3D planes, resulting
in 3D planar curves [10, 17, 20, 22, 23, 25, 36, 45]. While simple,
arranging 3D cards in space and sketching directly on them allows
designers to effectively represent complex shapes [22, 23, 25] and
spatial layouts [10, 36], and works well for car interior components
characterized by box-like forms with low profiles.

Prior work [40] has demonstrated the potential synergy between
3D card-based sketching and 2D generative AI for scene design.
Similar to our approach, this work lets users sketch and project
generated results onto 3D cards to create realistic scenes. However,
it targets general 3D scenes with buildings and items. In contrast,
our work targets car interiors and specifically aims to enable de-
signers to generate multiple renderings per component, compare
them at a glance, and experiment with numerous combinations to
achieve a desired cabin design.

3 EXPERT INTERVIEW
We interviewed professional car interior designers to investigate
how 2D generative AI tools are incorporated into existing design
workflows and to uncover the challenges and unmet needs design-
ers face when applying these tools in car interior design practice.

3.1 Participant
We recruited 10 professional car interior designers (8 males, 2 fe-
males, ages: 25-43), each with work experience averaging 9.2 years
(min: 3 years, max: 19 years). At the time of the interviews, 6 de-
signers were employed at 3 international car manufacturers, and 4
designers were working at 2 international car design studios. All
the designers were using 2D generative AI tools in their work.

3.2 Procedure
The interviews began with a short survey in which the designers
rated and commented on the usefulness and limitations of apply-
ing 2D generative AI in car interior design practice. Building on
their responses, we then conducted semi-structured interviews that
encouraged the designers to elaborate on their survey answers
and share additional reflections. In relevant cases, the designers
also presented examples from their professional work to illustrate
specific points. Each session lasted approximately 40 minutes. The
survey questions were as follows:
• Which 2D generative AI tools do you use, at which stages, for
what purposes, and how often?

• What do you consider to be the strengths and limitations of these
tools in the car interior design process?

• How do you typically deal with or work around these limitations?

3.3 Finding
From the interviews, we identified 3 main findings on how car inte-
rior designers use 2D generative AI, along with the key challenge
they face and a potential direction for addressing it.

• Designers use 2D generative AI to explore, develop, and
simulate. First, in the early concept exploration stage, they use

general AI tools such as Midjourney [32] and Dall-E [34] to collect
inspiring reference images. Second, in the sketching stage, they use
AI tools specialized in car design such as Vizcom [44] or Optic [42]
to obtain realistic renderings and to preview how their sketches
could evolve in different directions. Third, in the early 3D CAD
modeling stage, they capture texture-less 3D models from multiple
viewpoints and provide the images as input to Vizcom [44] or Optic
[42] in order to explore color, material, and finish (CMF).

• Designers could not generate entire cabins from sketches.
The designers reported difficulties in obtaining usable results when
directly inputting sketches of entire cabins into 2D generative AI.
In contrast to rendered 3D model views, hand-drawn sketches often
led the AI to misinterpret component shapes, sizes, and positions,
producing results that the designers characterized as “almost use-
less” (Figure 2). Consequently, many described having to iteratively
generate images until achieving something “usable,” followed by
extensive refinement with 2D editing tools such as Photoshop. A
few further explained that they produced “perfect sketches” over
several hours to obtain higher-quality results, and they emphasized
that this contradicted the “fast and efficient workflow” they had
originally expected from 2D generative AI.

• Designers could generate individual components from
sketches. Interestingly, several designers reported that 2D gen-
erative AI was effective for producing renderings of individual
components. The designers explained that components are often
sketched in orthographic views, which they considered faster and
easier for ideation than perspective drawing, and that providing
these orthographic sketches as input produced “refined” renderings.
The designers further noted that they typically created component
sketches, input them into 2D generative AI to obtain alternative ren-
derings, and then used resulting inspiration to inform subsequent
sketches of the overall cabin.

Figure 2: During the expert interviews, one designer (male,
age: 32, work experience: 3 years) presented examples from
his ownwork to illustrate that using freehand cabin sketches
as input to 2D generative AI often produces unrecognizable,
mangled results in which components’ shapes and layouts
were ignored, making them unsuitable for design practice. (a)
A cabin sketch drawn by the designer. (b) A cabin rendering
generated by 2D generative AI.

4 PROOF OF CONCEPT
Building on insights from the expert interviews, which highlighted
the usefulness of 2D generative AI for rendering individual com-
ponents, we designed a novel workflow that enables designers to
develop component-wise sketches into high-quality cabin render-
ings. We implemented a proof-of-concept system and conducted
a pilot study to test its feasibility, from which we derived design
requirements to support professional car design practice.
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4.1 Workflow
Our novel workflow adopts a strategy of sketching and generat-
ing each component individually then composing the results in
perspective views later, rather than directly inputting an entire
cabin sketch into 2D generative AI. The workflow consists of four
sequential stages (Figure 3).

• Sketching components. Designers begin by sketching the
key components of car interiors, such as dashboards, door trims,
consoles, steering wheels, and seats (Figure 3a). Instead of hav-
ing to depict an entire cabin in a single drawing, they can work
on each component individually, which reduces the challenge of
complex perspective drawing and enables clearer and more precise
representation.

• Generating components. Designers then use these sketches
as input to produce refined renderings (Figure 3b). As highlighted
in the expert interviews, 2D generative AI is particularly effective
in producing polished images from orthographic sketches. This
step also enables designers to explore diverse design alternatives
by generating multiple renderings from the same sketch.

• Composing cabin. Once a full set of renderings has been
generated for all components, designers compose them into a pre-
visualization of the cabin (Figure 3c). The renderings are automati-
cally placed in perspective views at the correct scale and position,
and designers can experiment by swapping renderings in and out,
which supports exploration of multiple combinations before com-
mitting to a final design.

• Generating cabin. In the final stage, designers use the com-
pleted pre-visualization as input to produce renderings of the entire
cabin (Figure 3d). Because the quality of 2D generative AI outputs
depends heavily on the quality of input images [31], providing com-
positions of refined renderings rather than raw sketches makes it
possible to produce high-quality cabin images that are faithful to
the original design intent and suitable for professional workflows.

Figure 3: Workflow overview. The designer progresses
through four sequential stages of (a) sketching components,
(b) generating components, (c) composing cabin, and (d) gen-
erating cabin to develop component-wise sketches into a
high-quality cabin rendering.

4.2 Pilot Study
We designed and implemented a minimal proof-of-concept system
(Figure 4) and conducted a pilot study to examine the feasibility
of the proposed workflow, from which we derived further require-
ments for making it applicable in car interior design practice.

• Participant.We invited 4 designers (3 males, 1 female, ages:
31-36) who had previously participated in the expert interviews,
each with work experience averaging 9.5 years (min: 3 years, max:
19 years).

• Procedure. First, in a 15-minute tutorial session, we followed
a script to guide the designers through all system features step-by-
step. Second, in a 60-minute task session, the designers freely used
our proof-of-concept system to create a cabin rendering following

our workflow. Third, in a 30-minute debriefing session, we collected
feedback on their experiences and suggestions for improvement.

• Result. The 4 designers used our proof-of-concept system
for 4 hours and successfully created high-quality cabin renderings
(Figure 5). The designers created 15.8 component sketches and 8.8
component renderings on average to produce a final cabin render-
ing. The final renderings accurately reflected the shapes, sizes, and
positions that the designers had intended in their sketches. All the
designers agreed that the results were satisfactory and of a suitable
quality for practical use.

Figure 4: The designer can (a) select a component (in this
case, the dashboard), (b) sketch it in the corresponding ortho-
graphic view, and (c) generate renderings from the sketch. (d)
The system applies a 2D projective transformation to display
the renderings in a predefined perspective view, where (e)
the designer can explore different combinations by swiping
thumbnails to replace components (in this case, the steering
wheel), and use the resulting pre-visualization as input to (f)
generate a rendering of the entire cabin.

4.3 Design Requirement
Based on the insights obtained from the debriefing interviews with
the designers, we defined the design requirements (DR) of our
system as follows:

• DR1: support for diverse car body types. The designers
found pre-defined positions and orientations of individual com-
ponents useful for maintaining spatial constraints but noted the
lack of configuration variety. Therefore, the system should provide
component templates that cover a wide range of car body types.

• DR2: seamless transition between perspective and or-
thographic views. The designers preferred sketching an entire
cabin in perspective views while refining individual components in
orthographic views. Therefore, the system should enable smooth
transitions between these two views for fluid sketching workflows.

• DR3: generation of multiple alternatives from a single
sketch. The designers appreciated receiving diverse renderings
from a single sketch, as it enabled them to effortlessly expand design
space. Therefore, the system should continue to generate multiple
alternatives for each sketch.

• DR4: efficient exploration of component combinations.
The designers found it inefficient to manually replace components
one by one when testing different combinations. Therefore, the sys-
tem should streamline this process by presenting multiple combi-
nations at a glance and allowing quick selections and comparisons.

• DR5: free navigation of viewpoints. The designers wanted
to view their designs from different perspectives such as the driver’s
seat or the passenger seat. Therefore, the system should support
viewpoint navigation during both sketching and composing.
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Figure 5: The final pre-visualizations (left) and renderings (right) produced by the designers in the pilot study. (a) An “urban
crossover SUV” by P1, (b) a “youthful off-road” by P2, (c) a “futuristic electric vehicle” by P3, and (d) a “minimal smart car” by P4.

• DR6: tightly integrated workflow. The designers valued
the integration of sketching, generating, and composing within a
single cohesive process. Therefore, the system should maintain this
integration to help designers stay focused and work efficiently.

5 SYSTEM
Based on the above design requirements, we developed a novel in-
teractive system that enables car designers to produce high-quality
cabin renderings through sketching, generating, and composing
key components of car interiors (Figure 1).

5.1 User Interface
To support the proposed workflow, we introduced two key user
interfaces: the 3D cabin template and the mixing palette (Figure 6).

• 3D cabin template. The 3D cabin template captures the spa-
tial dimensions and ergonomic placement of key components for
each car body type, and it can be adjusted to reflect the specific
characteristics of the target car model (Figure 6a) (DR1). Designers
can view all cards in perspective views or individual cards in the
corresponding orthographic views, enabling them to sketch in ei-
ther mode according to their needs (DR2). Sketches and renderings
are automatically projected onto the corresponding cards (DR6),
and designers can switch viewpoints at any time, allowing them to
view and work with their designs from different angles (DR5).

• Mixing palette. The mixing palette serves as a central hub
where designers can explore a wide range of component combina-
tions (Figure 6b). Multiple renderings generated from each com-
ponent sketch are displayed together (DR3, DR6), and designers
can freely arrange them on the palette. The system automatically
assembles the components closest to the center to pre-visualize
cabin configurations (DR4). Designers can switch viewpoints at any
time to review and evaluate designs from different angles (DR5).

5.2 Sketching Components
Designers can use the 3D cabin template as a guide to rapidly sketch
new interior concepts (Figure 7). They can explore overall layouts
and key curves in perspective views while refining individual com-
ponents in orthographic views. They can create multiple variations
of sketches and iteratively develop their ideas.

5.3 Generating Components
Designers can generate multiple renderings from their component
sketches. The system uses the orthographic sketch of each com-
ponent as input and produces outputs with a minimal rendering
style that emphasizes outlines and volumes (Figure 8). Because 2D
generative AI often introduces unwanted backgrounds, the system
automatically applies background removal to generated results.

5.4 Composing Cabin
Designers can use the mixing palette to compose rendered com-
ponents in perspective views and identify desirable cabin config-
urations (Figure 9). They can organize components into different
zones according to their preferences, and the system pre-visualizes
cabins in real time based on the most preferred components.

5.5 Generating Cabin
Designers can generate multiple high-quality renderings from cabin
pre-visualizations (Figure 10). The system produces photorealistic
outputs that preserve the visual continuity of interior components,
such as the smooth transition from the dashboard to the door trims,
meeting the quality standards required for professional use. These
generated results can be readily utilized for presentation, design
review, and further development.

Figure 6: Two key user interfaces. (a) The 3D cabin template
visualizes the positions and dimensions of key components
based on car body types. (b) The mixing palette displays ren-
derings of components, which the designer can organize into
zones: preferred (dark gray), neutral (light gray), and not pre-
ferred (outer white). A cabin pre-visualization that consists
of the components nearest the center is shown at the center.
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6 IMPLEMENTATION
We implemented our system using the Unity 3D game engine.
Our system is conceptually compatible with any 2D-to-2D model,
but in this study we used Vizcom [44] and Optic [42], which are
widely used by professional car designers, to generate component
and cabin renderings, respectively. The system was executed on a
Lenovo Legion 5i gaming laptop with Windows 11 OS, Intel Core i9-
14900HX CPU, 32 GB of RAM, and Nvidia GeForce RTX 4070 GPU,
paired with a Wacom Cintiq Pro 24 Touch digital tablet supporting
both multi-touch and pen inputs.

7 USER STUDY
We conducted a formal user study to evaluate the bene�ts of our
proposed system for car interior design practice. Because creative
design tasks are di�cult to replicate, we adopted a workshop-style
study in which designers freely used our system, rather than a
controlled experimental setup in which designers would repeatedly
perform the same tasks using both our method and a baseline. This
allowed us to closely observe designers engaging in creative work
in conditions similar to real-world practice.

We invited 6 professional designers with extensive experience
in car design to participate in a workshop, where they were tasked
with creating new design concepts covering all 12 standard car
body types [9], ranging from superminis to pick-ups. The designers
produced high-quality results using our system, while we gathered
detailed data on their work�ows and experiences.

7.1 Participant
Since our aim was to investigate whether our system could provide
practical bene�ts to professional car designers, we recruited de-
signers who were working in the car industry to participate in our
in-depth, hands-on workshops. The participants were 6 car interior
designers with work experience averaging 9.2 years (Table 1). At
the time of our study, they were working as senior (P1, P3, P4, P6)
or junior (P2, P5) designers at international car manufacturers (P1,
P3) or design studios (P2, P4, P5, P6). They had led or participated in
an average of 8.6 concept and production projects. All the designers
were using 2D generative AI in their work.

P G A Y A�liation Job title Expertise

P1 M 40 15 Global OEM Senior designer Production design
P2 M 23 1 Design studio Designer Concept design
P3 M 41 10 Global OEM Senior designer Production design
P4 M 36 11 Design studio Design team manager Production & concept design
P5 M 32 4 Design studio Designer Production & concept design
P6 M 37 14 Design studio Senior design manager Production design

Table 1: Participant demographics for the user study (P: par-
ticipant, G: gender, A: age, Y: years of work experience).

7.2 Task
Each designer was asked to use our system to create new interior
design concepts for 2 car body types randomly assigned from the
12 types de�ned by the European New Car Assessment Programme
(Euro NCAP) [9] and to produce a cabin rendering from a desired
viewpoint for each type. Each designer was given up to 75 minutes
per car, which a pilot test indicated was su�cient. For each task,
the 3D cabin template corresponding to the assigned car body type
was provided (Table 3).

Figure 7: Sketching components. (a) The designer can �rst
roughly sketch on 3D cards while (b) freely rotating the view.
The designer can then (c) double-tap a 3D card to (d) enter
the corresponding orthographic view, where he can perform
detailed sketching on top of the current sketch. (e) Upon
returning to the perspective view, the sketch is automatically
updated. The designer can press a keyboard shortcut to create
empty templates as needed (f) to sketch di�erent interior
concepts.

Figure 8: Generating components. When the designer presses
a keyboard shortcut, the system (a) captures each component
sketch in the orthographic view, (b) generates renderings
from the sketch, and (c) applies background removal [14].

Figure 9: Composing cabin. The designer can (a) load compo-
nent renderings generated from single or multiple sketches
onto the mixing palette, then (b) preview components in per-
spective by holding them and (c) drag and drop components
into di�erent zones according to preferences, while (d) freely
rotating the view. The designer can (e) open the review board
to view all possible combinations of components placed in
the preferred zone and tap one of them to (f) examine it from
di�erent views.

Figure 10: Generating cabin. When the designer presses a
keyboard shortcut, (a) the system generates cabin renderings
(outlined in red) from the current cabin pre-visualization and
the designer can (b) tap a thumbnail to view it in full-screen.
The designer can (c) swipe the screen to switch between ren-
derings generated from di�erent cabin pre-visualizations.
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To let the designers fully focus on sketching and composition
rather than time-consuming parameter tuning, we preset default
parameters based on preliminary testing (Table 2). Speci�cally, for
component generation, we used Vizcom Design Sketch v1 model
that can rapidly produce multiple renderings in marker and colored
pencil style, and for cabin generation, we used Optic v0.6.0 that can
produce high-quality results with detailed materials and lighting.

Stage Model Text prompt
In�uence

Model Drawing

Generating
components

Vizcom
design sketch v1

�clean, solid shape featuring
subtle futuristic details� 50% 70%

Generating
cabin

Optic
v0.6.0 �photorealistic car interior� 90% 85%

Table 2: Models and preset parameters used for the two gen-
erating stages in the user study.

7.3 Procedure
The workshop comprised three sequential sessions. First, in a 60-
minute tutorial session, we followed a script to guide the designers
through all system features step-by-step. Second, in a 150-minute
task session, the designers completed their design tasks, and were
provided with a single-page cheat sheet covering all system fea-
tures. Third, in an individual 60-minute debrie�ng session, each
designer �lled out surveys and participated in an interview about
their experiences using the system.

7.4 Measurement
We measured the frequency, duration, and order of each activity
pertaining to the stages of sketching components, generating com-
ponents, composing cabin, and generating cabin. Speci�cally, the
sketching components stage comprised navigating, sketching in
perspective views, and sketching in orthographic views; the gener-
ating components stage comprised waiting for generation to com-
plete; the composing cabin stage comprised arranging component
renderings on the mixing palette and reviewing pre-visualizations;
and the generating cabin stage comprised waiting for generation
to complete and reviewing the results (Figure 12).

We also collected counts of sketches, pre-visualizations, and �nal
renderings, as well as the number of curves drawn, the view used to
draw each curve (perspective or orthographic), and the components
each curve represented. Throughout the task session, we positioned
a camera behind each designer's shoulder and recorded the screen
and hand interactions. Satisfaction with the system's key features
and overall user experience were assessed through a 5-point Likert
scale survey and the Creativity Support Index (CSI) [8].

7.5 Result
The 6 designers used our system for 13 hours in total and suc-
cessfully created new interior design concepts for all 12 car body
types, resulting in 12 �nal pre-visualizations and 12 corresponding
�nal renderings (Figure 11), spending 1 hour and 5 minutes per car
on average. They spent 53.5% of time on sketching, producing 3.3
sketches per car. They spent 41.5% of time on composing, producing
6.4 pre-visualizations per car. Finally, they spent 5.0% of time on
generation, producing 66 component renderings and 14.7 cabin
renderings per car (Table 3).

The 5-point Likert scale scores indicated high satisfaction across
usability with an average score of 4.4 (±2 SE: 0.2) on Q1-12, and
across usefulness with an average score of 4.6 (±0.2) on Q13-18
(Figure 13). The CSI scores indicated strong creativity support, with
average scores of 9.0 (±0.7) for exploration, 8.2 (±0.9) for expressive-
ness, 8.8 (±1.0) for enjoyment, 8.8 (±0.8) for immersion, 9.4 (±0.6)
for result worth e�ort, and 8.5 (±0.8) for collaboration (Figure 14).

8 DISCUSSION
In this section, we discuss how our system helped the designers
explore and re�ne cabin designs in their work processes. First, we
examine how the 3D cabin template supported the designers visual-
ize and review designs throughout the tasks. Then, we explain how
the designers achieved satisfactory design outputs by sketching
and composing in di�erent strategies. Finally, we re�ect on the
bene�ts of our integrated work�ow and consider its applicability
to professional car interior design practice.

Participant Body type
Output (#) Time spent (h:mm (%)) 3D curves per sketch (# (persp/ortho))

Sketch Pre-viz Rendering Sketch (P) Sketch (O) Compose Generate Total Dashboard Door trim Console Steering wheel Seat Total

P1 Large family car 4 7 12 00:10 (16.5) 00:17 (27.1) 00:34 (52.4) 00:02 (4.0) 01:05 (100.0) 30.3 (16.3/14.0) 18.0 (5.3/12.7) 23.5 (17.0/6.5) 13.5 (0.0/13.5) 10.3 (1.8/8.5) 95.6 (40.4/55.2)

Pick-up 3 6 12 00:12 (16.2) 00:21 (29.1) 00:37 (51.0) 00:02 (3.7) 01:14 (100.0) 52.0 (10.3/41.7) 16.7 (2.4/14.3) 19.7 (10.3/9.4) 16.7 (0.4/16.3) 4.3 (0.6/3.7) 109.4 (24.0/85.4)

P2 Large MPV 4 6 8 00:14 (25.2) 00:19 (33.4) 00:22 (37.7) 00:02 (3.7) 00:58 (100.0) 48.0 (3.3/44.7) 31.5 (0.0/31.5) 27.3 (1.3/26.0) 22.8 (0.8/22.0) 10.0 (3.0/7.0) 139.6 (8.4/131.2)

Roadster 3 6 20 00:16 (22.0) 00:17 (24.0) 00:39 (52.3) 00:01 (1.7) 01:14 (100.0) 58.7 (7.4/51.3) 32.3 (11.3/21.0) 30.3 (4.0/26.3) 26.7 (8.4/18.3) 7.7 (0.0/7.7) 155.7 (31.1/124.6)

P3 Small o�-road 3 8 12 00:12 (22.3) 00:13 (24.7) 00:23 (42.2) 00:06 (10.8) 00:55 (100.0) 93.7 (78.0/15.7) 28.7 (28.7/0.0) 25.7 (0.0/25.7) 30.0 (1.0/29.0) 17.3 (0.0/17.3) 195.4 (107.7/87.7)

Large o�-road 3 8 20 00:15 (22.2) 00:11 (17.3) 00:35 (52.1) 00:05 (8.4) 01:08 (100.0) 80.0 (77.3/2.7) 49.0 (32.7/16.3) 38.0 (0.0/38.0) 24.3 (0.0/24.3) 21.3 (5.0/16.3) 212.6 (115.0/97.6)

P4 Business/van 4 7 16 00:10 (17.5) 00:15 (25.4) 00:31 (52.5) 00:02 (4.6) 00:59 (100.0) 108.0 (51.0/57.0) 63.0 (9.8/53.2) 19.3 (1.4/17.9) 19.0 (0.0/19.0) 17.3 (0.0/17.3) 226.6 (62.2/164.4)

Small MPV 4 8 36 00:11 (20.5) 00:09 (18.3) 00:30 (55.2) 00:03 (6.0) 00:54 (100.0) 94.8 (74.0/20.8) 61.5 (28.8/32.7) 20.8 (7.3/13.5) 21.0 (0.0/21.0) 27.8 (0.0/27.8) 225.9 (110.1/115.8)

P5 Small family car 3 6 12 00:15 (23.6) 00:34 (51.6) 00:15 (23.5) 00:01 (1.3) 01:07 (100.0) 253.3 (77.6/175.7) 41.7 (10.4/31.3) 72.3 (14.0/58.3) 106.0 (4.3/101.7) 17.0 (1.0/16.0) 490.3 (107.3/383.0)

Executive 3 5 16 00:15 (24.0) 00:35 (54.4) 00:12 (18.4) 00:02 (3.2) 01:05 (100.0) 136.7 (54.7/82.0) 59.7 (0.0/59.7) 38.3 (0.0/38.3) 136.0 (0.3/135.7) 4.7 (0.0/4.7) 375.4 (55.0/320.4)

P6 Supermini 3 5 4 00:17 (23.8) 00:28 (39.5) 00:25 (34.2) 00:01 (2.5) 01:13 (100.0) 93.3 (20.0/73.3) 100.0 (35.3/64.7) 47.3 (3.0/44.3) 82.3 (0.6/81.7) 31.7 (1.7/30.0) 360.6 (60.6/300.0)

Sport 3 5 8 00:22 (33.8) 00:17 (26.4) 00:18 (28.5) 00:07 (11.3) 01:06 (100.0) 81.0 (46.3/34.7) 54.3 (14.7/39.6) 53.3 (4.1/49.2) 35.7 (0.0/35.7) 44.0 (43.0/1.0) 268.3 (145.0/123.3)

Average � 3.3 6.4 14.7 00:14 (22.3) 00:20 (31.2) 00:27 (41.5) 00:03 (5.0) 01:05 (100.0) 94.7 (43.0/51.6) 46.4 (15.0/31.4) 34.7 (8.3/26.4) 44.5 (1.3/43.2) 17.8 (4.7/13.1) 238.0 (72.2/165.7)

Table 3: Body type, number of outputs (sketch, cabin pre-visualization, and cabin rendering), time spent (sketching in perspective
views, sketching in orthographic views, composing cabin, and generating components and cabin) and number of 3D curves per
sketch by component (dashboard, door trim, console, steering wheel, and seat) for each task, ordered by participant.




	Abstract
	1 INTRODUCTION
	2 RELATED WORK
	2.1 Car Interior Design
	2.2 2D Generative AI-Based Car Design
	2.3 3D Card-Based Sketching

	3 EXPERT INTERVIEW
	3.1 Participant
	3.2 Procedure
	3.3 Finding

	4 PROOF OF CONCEPT
	4.1 Workflow
	4.2 Pilot Study
	4.3 Design Requirement

	5 SYSTEM
	5.1 User Interface
	5.2 Sketching Components
	5.3 Generating Components
	5.4 Composing Cabin
	5.5 Generating Cabin

	6 IMPLEMENTATION
	7 USER STUDY
	7.1 Participant
	7.2 Task
	7.3 Procedure
	7.4 Measurement
	7.5 Result

	8 DISCUSSION
	8.1 3D Cabin Template
	8.2 Sketching
	8.3 Composing
	8.4 Integrated Workflow
	8.5 Applicability

	9 LIMITATIONS & FUTURE WORK
	10 CONCLUSION
	Acknowledgments
	References

