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Abstract

Interior-related product design and manufacturing combined can create a functional and user-
friendly environment for the customers. To achieve success in this area, the customers’ needs
should be studied, together with their increased participation in the design process, thus increasing
their overall experience and satisfaction. The present work deals with automating the design and
fabrication of interior related products using the Grasshopper™ visual programming tool. The
application built, can incorporate complex 3D geometries, accepts a series of data input (i.e.
wooden materials available and their default sizes, texture) and delivers a great deal of output
data (i.e. component and assembly files, component drawings, assembly drawings with bill of
material, prototyping files, fabrication files needed for production, increased product visualization).
The differentiated role of the designer, which becomes an actual computer programmer with an
aim to facilitate both automation and conceptual inspiration, together with the increased
customers’ role in the design process and user satisfaction is highlighted.
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1 INTRODUCTION

Interior-related product design is a very important element of interior space decoration and
drastically improves the overall layout and style of the furniture incorporated. This procedure is
performed by professional designers, who in a number of cases do not fully understand the
customer’s requirements and needs, thus resulting in reduced customer satisfaction [1].
Customized product design, which is the combination of implementing both the design inspiration
and automated manufacturing processes can increase drastically customer satisfaction [2].
Integration of what the customer needs, with the product designer’s tools and the manufacturer’s
technological equipment can be implemented with the use of algorithmic design together with the
appropriate methodological tools. This strategy can positively influence the quality of the products
and offer increased customer satisfaction [3].

The aim of the present paper is to make the best use of the automation in interior-related product
design and fabrication, which is the result of algorithmic design principles (Grasshopper™ was
used) combined with methodological tools. A complex geometry has been selected, and the
downstream outputs include the generation of 3D CAD models, bill of materials, components
nesting for improved material selection, G-code preparation for CNC (Computerized Numerically
Controlled) machining, high quality rendering, and files for prototyping.
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2 STATE OF THE ART

The use of automated CAD-based (Computer Aided Design) tools is supported by several modern
methodologies published. Some use a textual programming language (i.e. VBA™-Visual Basic for
Applications, Python™) that automates all the design steps required by a general purposes CAD
system and some others use visual programming languages (i.e. Grasshopper™), with an aim to
produce even more complex geometries needed. In both directions, the role of design engineer is
differentiated because advanced programming skills are required. At the same time, the final
application supported by the produced algorithm is easy to be used by the customer that needs
to have early enough a better understanding of the designed product [4]. CAD programming
algorithms have been built to automate a number of downstream manufacturing processes. These
processes include 3D CAD modeling and assembling of the final product, together with the
automatic generation of all the necessary mechanical drawings at component or assembly level.
This step assists the manufacturers to quickly produce the drawings required, while at the same
time there is no need for an experienced engineer to complete this work [5]. Computational design
principles combined with methodological product design tools offered flexibility in the production
of furniture, that are assembled by the customer as a DIY (Do It Yourself) product. In these cases,
in addition to the manufacturing related files (i.e. bill of materials, technical drawings), the algorithm
produces instruction documents, which are adjusted every time a different input is introduced. As
aresult, a great deal of work needed for producing the DIY instructions for each furniture is omitted
and computer-based systems integration is achieved [6]. 2D patterns supporting interior-related
products have been produced with computational design tools. Incorporating mathematical
models in 2D, resulted in producing a family of products for interior decoration. This family of
products was automatically generated by altering the parameters set and as a result the customer
can have a different variation of the final decoration product. The algorithm automatically produced
CAD models and manufacturing supported files with an aim to provide cost effectiveness and
customer satisfaction [7]. A great deal of research is related to the use of machine vision in the
manufacturing processes within the furniture industry. Machine vision is integrated with the
hardware used for fabrication and results in improved efficiency of the production and in increased
quality of the furniture produced. The introduction of those technologies follows a novel approach
for furniture manufacturing enterprises and proves that following a roadmap towards Industry 4.0
is the only way for improved product quality and cost reduction [8]. Use of general-purpose CAD
systems with an aim to improve the effectiveness of the design and manufacturing process in the
furniture industry can provide opportunities to establish information circulation during the whole
product design cycle. Digitizing both the design and manufacturing processes offers additional
advantages not only in the production of the related information but in systems integration as well
[9]. Nowadays, designers get inspiration and produce 2D or 3D CAD models from artificial
intelligence (Al) platforms. The aim in these cases is to use additional inspiration tools together
with mainstream methodologies and result in the Al (Artificial Intelligence) computer generated
images. These images can be used in a variety of ways: a) as a guidance for exploring new
concepts and ideas, and b) as an input to additional Al tools for the generation of 3D CAD models
with increased complexity. It is then that a demanding problem appears and the need to fabricate
these complex geometries results in building CAD-based applications for automating the complete
process [10].

3 METHODOLOGY

The main idea was to implement an application for wooden interior-related products that
parameterized and automated the design process. In the center of the design process was the
wooden design products that were based on complex geometry that could offer increased
satisfaction to customers. Based on this proposal, even for extremely peculiar geometries, the
algorithm managed to operate successfully and thus offered additional pieces of information with
respect to manufacturing processes needed i.e. 3D CAD modeling, 3D assembly modelling,
drawing capability, bill of materials (BOM), G-code for CNC machining, 3D printing prototyping,
nesting, high quality output visualization. Figure 1 depicts the workflow followed by stressing the
steps and their relation. Technological and methodological tools were used together with an aim
to offer a business advantage in the design and production of interior-related product design. The
inspiration was based on a mind map that managed to combine the need for a) an advanced CAD
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system able to operate with an Application Programming Interface (API), b) the product design
automation via algorithmic design (3D CAD modelling, assemblies, geometrical dimensions and
constrains, rendering facility) and c) the manufacturing parameters set (computer aided
manufacturing-CAM, bill of materials-BOM, nesting, 3D printing). Finally, all of them were
accessed at the customer level by producing a range of products with lots of design variations.

Workflow schematic
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Fig.1. The research workflow

The following case study was carried out using a range of methodologies tools and the visual
programming language Grasshopper™, which is integrated within the Rhino 3D™ CAD system.
The algorithm was built for being used by both the designers and their customers, based on an
easy-to-use layout, thus including the customer’s involvement during the design process. At the
same time, the manufacturers receive all the appropriate documentation automatically created
and limit their time needed for fabrication. Additional advantages were the support of materials
orders and their logistics. Handling effectively the related materials offered considerable cost
reductions.

The user needed to import the geometry designed in any other piece of software and select several
parameters specific for the products fabrication i.e. size and number of plywood selection, set
screw size and positions, materials selected and their appearance. The CAD models generated
were supported by additional visualization tools based on the texture of the wooden material
introduced. Both the designers and their customers could actually see the outcome and relate
their concept to the output from the algorithm very early in the product design cycle. This offered
the advantage of altering the design, if needed, to achieve increased customer satisfaction with
lower costs involved (Figure 2)

Computational design and 3D Modelling
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Fig.2. Applying the code generated in case studies with complex geometry
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The algorithm presented aimed to automatically generate all the needed files from the fabrication
point of view, while at the same time was flexible enough to accept all the possible geometries
demanding by the designers and customers. These 3D geometries in a number of cases could be
the result of automated generation from artificial intelligence platforms, that support text or images
as an input. Then handling those complex models could be dealt with technological advancements
such as fully automated algorithmic design applications. The systems integration provided by fully
automating this process supported all the time reduction demands from concept to production of
the furniture.

The cost of the interior-related product could be calculated more easily by the output given to the
manufacturer. In addition to the bill of materials, serious cutting costs were implemented by
applying nesting principles for the plywood demands. The CNC machining is directly supported
by the G-code produced and exported directly for use to the manufacturing machinery (i.e. CNC
machining centers, robotic arms). For prototyping purposes .obj and .stl files were exported, 3D
printing facilities were employed and effectively communicate the design produced before actually
to be manufactured and assembled (Figure 3).

Exported data
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Fig.3. Applying the code generates fabrication and prototyping related pieces of information

High quality photos were delivered based on the rendering facility incorporated. With these photos
the interior-related products were communicated in an easy way due to the alternative setup that
could be created. This feature increases the customer’s satisfaction via the early involvement. The
customer gets the feeling of participation and co-design the final product. Not only can the final
layout of the product be seen via the high-quality renderings, but additional functional products
alternative can be presented as well.

At the same time, close pictures of design and assembly details were presented with the aim of
better describing the final output. Those details affect the visual appearance of the outcome but
at the same time can be a considerable help for the manufacturer and the technicians involved.
Especially for the technicians, this feature improves their understanding of fabricating and
assembling the product thus dramatically reducing assembling costs and manufacturing errors
(Figure 4)
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Furniture details

Fig.4. Presentation of the visualization facilities introduced

The next step for offering a rendering facility was to implement an interior layout together with the
designed interior-related products. In this way, alternative interior setups based on the products
designed in a similar manner (by the proposed algorithm) or bought separately by interior product
catalogs, were included with the aim of providing a solid base for customer satisfaction early
enough in the design cycle. The customer participated actively in the design process and was able
to see the final product within the environment that would be placed. At this phase, there was not
any restriction to how many items would be included in this visual tool and the final setup were as
close to the real life as possible (Figure 5)

Furniture computer-based presentation

Fig.5. The interior-related products designed presentation within a 3D space setup

4 CONCLUSIONS

There is a new trend nowadays for the designer’s role, which is evolving towards designing via
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the use of an Application Programming Interface (API) provided by the CAD manufacturers. This
approach needs more resources and effort from all the participants. The CAD manufacturers need
to release more and higher quality training materials for their product’'s programming capabilities.
The designers should invest more in acquiring CAD programming skills and at the same time to
change their mentality and grasp the idea of increased creativity achieved when programming is
used. The customers need an increased level of participation early in the design cycle.

A case study that deals with all these issues was presented in this research paper. The interior-
related product design industry that supports furniture as well, demands integrated applications.
The algorithm was developed in Grasshopper™ within Rhino3D™. At the same time, the
customer’s involvement was significantly enhanced, resulting in altering the traditional role a
customer has towards a more participating mode during the design phase. Several inputs were
introduced by both the designer and the customer: a) the geometry of the interior-related product
generated by alternative sources (3D model generation Al platforms, direct 3D CAD model
development from the designer etc.) and b) the manufacturing parameters i.e. size and material
of the plywood, setscrew positions. Finally, the furniture was automatically designed and produced
all the downstream application data: a) 3D CAD model parts and assemblies, technical drawings
and bill of materials, b) G-code for fabrication and nesting facility for better handling of the material
needed and c) prototyping files and rendering (the product with details and within its environment).

The proposed methodology via using CAD-based algorithms offers advantages for the customer,
the designer and the manufacturer at the same time. For future development, the authors propose
the development of more algorithms for a variety of furniture and interior design products. The
main limitation is the increased number of products needed algorithmic design codes and the fact
that it is difficult to incorporate all the product design demands under the same suite of
computational design applications. At the same time, designers need to change their design
culture and learn how to program in several programming languages (textual and visual).
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