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Abstract
Today more and more products and services are being bought and sold over electronic commerce (ecommerce) systems. However, the majority of time spent online by e-commerce users is used for
searching for information and making decisions with regard to the products of interest. Precommerce services help a customer from the very beginning of his interaction with an e-commerce
system with the objective of eventually leading to a transaction. Such a service usually keeps
interacting with customers until a personalized purchasing plan has been worked out. In this paper,
we propose an interactive 3D product design system to enhance the user’s pre-commerce experience.
In the proposed system, interaction with customers may take place at different stages of a transaction
independently. Before a transaction, possible products details will be presented to customers for their
consideration. After that, our interactive design module visualizes customer’s requirements in a
what-you-see-is-what-you-get (WYSIWYG) way so that the customers can spell out their
requirements in greater detail than existing systems. After the transaction, feedbacks from customers
and suppliers are recorded online. Products can be customized in detail by customers through the
novel 3D drawing tool provided by the system interactively and in real-time. In such a precommerce platform, customers can participate in various facets of a transaction in more meaningful
and empowering ways.
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I. Introduction
Electronic commerce (e-commerce) has been growing rapidly over the past decade. At the
beginning, the main functionalities of such systems focused to the facilitation of transactions and the
delivery of products/services. Nowadays, massive amount of user behavior data are being analyzed
to decide what products are best suited for each individual customer. E-commerce systems are
moving from generic marketplaces to increasingly personalized shopping experience providers. Such
a trend of personalization is not only transforming the transactions carried out in e-commerce
systems, but is also spawning new modes of interaction. One of such new concept interactions is
called Pre-commerce.
A closer look at the customers’ collective behavior when using e-commerce systems reveals that the
vast majority of their time and effort are spent in searching for information related to the products of
interest before making decisions as to whether to make a transaction. These activities leading to a
transaction are referred to as pre-commerce activities by the industry. A wide range of technologies
(e.g., user feedbacks and ratings analysis, brand incorporation in popular social games, reaching out
to customers through online social networks, etc.) have been created for businesses to influence their
customers’ decisions through pre-commerce activities.
In this paper, we propose an interactive 3D product design tool to add a new dimension in precommerce. Through such a tool, users can not only view products, but also modify them to their
liking in great details. The tool enables a customer to draw on sophisticated 3D surfaces of virtual
product models and dynamically modify the material used in each part of the product, and it can be
easily ported onto mobile devices for anytime anywhere usage. This can potentially empower
customers to express their preferences in such a way that the producers can gain deeper insight into
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the customers’ liking and produce more personalized products to capture the long tail of their
business.
The rest of this paper is organized as follows. In Section II, we provide a review of current literature
related to the 3D drawing methods. Section III describes the technical details of the methods used in
the proposed interactive 3D drawing tool. Finally, discussions and possible future research directions
are presented in Section IV.

II. Literature Review
Although interactive digital painting on plane surface has been well developed [5] [6] [8], automatic
painting style rendering of images [11] and videos [9] has efficient algorithms, interactive painting
on curved surface is still a challenge for academic research and engineering. Schmid [2] presented a
technique to generalize the 2D painting metaphor to 3D that allows the artist to treat the full 3D
space as a canvas. They propose a canvas concept defined implicitly by a 3D scalar field. Extending
their own work, Baran [3] presented a method for rendering 3D paintings by compositing brush
strokes embedded in space. The challenge in compositing 3D brush strokes is reconciling conflicts
between their z-order in 3D and the order in which the strokes were painted, while maintaining
temporal and spatial coherence. The smoothly transitions between compositing closer strokes over
those farther away and compositing strokes painted later over those painted earlier. It is efficient,
running in O(n log n) time, and simple to implement.
A high quality stylus with 6 degrees of freedom (DOFs: 2D position, pressure, 2D tilt, and 1D
rotation) coupled to a virtual brush simulation engine allows skilled users to produce expressive
strokes in their own style. Lu [1] presented a data-driven approach for synthesizing the 6D hand
gesture data for users of low-quality input devices.
On the other side, commercial software packages like Autodesk Maya [4], 3DS Max and other
traditional 3D modeling tools can model and render 3D models for sophisticated designers. General
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customers of a product still need heavy training to get started with these professional software [7]
[10].

III. Interactive 3D Product Design System
In this paper, we have made an extension to the traditional e-commerce system to focus on precommerce interaction with potential customers. Interactions with customers are provided in each
stage of a transaction. We explain this idea in an online 3D furniture design system. Traditional
online furniture websites contain three modules: 1) Products display. 2) Online transaction. 3)
Feedbacks. A pre-commerce business model emphasizes on interaction with customers before a
transaction. Before a transaction, furniture details like styles, materials, colors, printings can be
discussed between buyers and sellers. Furthermore, each detail of the discussion are visualized in 3D
models, both buyers and sellers can operate on this model and change every detail. An overview of
the proposed interactive 3D furniture design system is as follows.

Shape Design

Interaction and
Visualization

Printing On
Shapes

A. Shape Design

Shape, Printing
and Materials
Detail
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Shape design module offers two level of design. For general customers, basic styles and shapes
of furniture components are offered in the database. For professional customers, they demand
the accuracy and surface detail of each component, surface design tools are offered to set
parameters of furniture components. For example, a chair has seat, back, legs, arm and other
optional components. Customers may design a chair by choosing from provided components to
combine into a chair. Furthermore, users can also specify the detail of each component by
modify existing one or design a new component from the scratch. We define a component
surface with B-Spines which is widely used in computer aided design.

B. Painting on Surface
To painting on surface in mobile computing environments, the most convenient choice of
interface is touch screen, a 2D or 2.5D input device. From the input 2D stroke trajectories, we
find several matched sample strokes and synthesis a final 2D stroke footprint. After that, the
generated 2D footprint is mapped onto surface along picked trajectory points. This mapping
from 2D space to 3D is conformal transformation. So angles are kept and shapes of stroke will
not be changed on curved surface.
To rendering a painting stroke, several sub-tasks are included: Locating corresponding mesh
point of finger position on screen, computing brush footprint at each painted mesh vertex, and
rendering the computed brush footprint. Each of these steps has to be implemented as
efficiently as possible.
1. Locating corresponding mesh point of finger position on screen. The mesh vertex under
a finger cursor is difficult since the mesh is continuously curved surface. We therefore render
the mesh into a second render buffer, but instead of lighting each vertex, we encode its texture
coordinates in color channels. The pixel color at the finger position then identifies the closest
vertex, i.e., the center of the brush.
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2. Computing brush footprint at each painted mesh vertex. The shape of brush footprint
around each painted vertex is defined by finger pressure, finger tilt angle and finger rotation
angle [5] [6].
3. Detecting polygons that lie completely outside the influence region. Another fragment
shader is involved to finish this sub-task. To avoid unnecessary computations, in particular for
small brush size, these polygons are discarded from the following transformation.
4. Applying computed footprint to each painted vertex. After colors are assigned vertices,
smoothing of colors or positions [12], sculpting, extrusion, or multi-resolution deformation
may be called by user interactions.
5. Normal vectors. The normal of the limit surface of Catmull-Clark subdivision surface
are computed as surface normal at each painted vertex.
6. Optional operations. For multi-resolution deformations the detail reconstruction is
computed. Furthermore, intuitive surface geometry deformation operation is offered by our
painting metaphor. By extrusion, sculpting or dragging transformation, surface can be
deformed on a coarser or higher subdivision level. The so-called multi-resolution or multiscale deformations will preserve fine-scale geometry details whenever surface is transformed
to a coarser subdivision level.
C. Materials and Details
To simulate effects of various materials, we synthesis larger texture image from customer
designated material structure and map it onto product surface. In this way, system will only
need to record an example image of possible materials. Since components surfaces are all
parameterized, texture mapping can be implemented by graphics hardware in real-time speed.
Furthermore, components surface shape and detail geometry can be modified at each stage of
the design. Users can redefine a new surface and sculpture on an old surface to make global or
local changes.
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IV. Conclusion
In this paper, an interactive 3D products design system in mobile pre-commerce system has
been introduced. We discussed how pre-commerce and interactive design with customers can
help improve a customer to trust and have pleasure in e-commerce environments. We
recommend that further studies can be made to mining data from customers’ interaction data
and provide user-friendly interaction tools while keep feasible and credible product design.
Further study can allow a customer modifies his/her products design everywhere and anytime.
Cooperation design among friends customers are also a future direction.

Acknowledgement
This research is supported in part by Interactive and Digital Media Programme Office
(IDMPO), National Research Foundation (NRF) hosted at Media Development Authority
(MDA) under Grant No.: MDA/IDM/2012/8/8-2 VOL 01.

References
[1]

J. Lu, F. Yu, A. Finkelstein, and S. DiVerdi. Helpinghand: example-based stroke stylization.
ACM Transactions on Graphics (TOG), 31(4):46, 2012.

[2]

J. Schmid, M. Senn, M. Gross, and R. Sumner. Overcoat: an implicit canvas for 3d
painting. To appear in ACM TOG, 30:4, 2011.

[3]

I. Baran, J. Schmid, T. Siegrist, M. Gross, and R. Sumner. Mixed-order compositing for
3d paintings. In ACM Transactions on Graphics (TOG), volume 30, page 132. ACM,
2011.

[4]

Autodesk. Maya 2013 sp1. Software release, July 2012. 3D Graphics Software.

[5]

B. Baxter, V. Scheib, M. Lin, and D. Manocha. Dab: interactive haptic painting with 3d
virtual brushes. In Proceedings of the 28th annual conference on Computer graphics and
interactive techniques, pages 461–468. ACM, 2001.

7

Peng Cheng, Han Yu, Zhiqi Shen, Zhiqiang Liu

[6]

W. Baxter III. Physically-based modeling techniques for interactive digital painting. PhD
thesis, Citeseer, 2004.

[7]

C. corperation. Corel painter 12. Software release, May 2011. Most realistic digital
painting tools and breakthrough brush developments.

[8]

R. Kalnins, L.Markosian, B.Meier,M. Kowalski, J. Lee, P. Davidson,M.Webb, J. Hughes,
and A. Finkelstein. Wysiwyg npr: Drawing strokes directly on 3d models. In ACM
Transactions on Graphics (TOG), volume 21, pages 755–762. ACM, 2002.

[9]

J. Lu, P. Sander, and A. Finkelstein. Interactive painterly stylization of images, videos and
3d animations. In Proceedings of the 2010 ACM SIGGRAPH symposium on Interactive
3D Graphics and Games, pages 127–134. ACM, 2010.

[10]

Pixologic. Zbrush 4r4. Software release, July 2012. Digital sculpting tool that combines
3D/2.5D modeling, texturing and painting.

[11]

S. Xu, Y. Xu, S. Kang, D. Salesin, Y. Pan, and H. Shum. Animating Chinese paintings
through stroke-based decomposition. ACM Transactions on Graphics (TOG), 25(2):239–
267, 2006.

[12]

C. Yuksel, J. Keyser, and D. House. Mesh colors. ACM Transactions on Graphics (TOG),
29(2):15, 2010.

Peng Cheng is currently pursuing the Ph.D degree in the School of
Computer Engineering, Nanyang Technological University,
Singapore. She received her B.S. degree in Dept. of Computer
Science from Shandong University in 2007. Her current research
interests include digital geometry processing, interactive graphics
and human computer interaction.
Mr. Han Yu is currently a Ph.D. student in the School of Computer
Engineering, Nanyang Technological University (NTU), Singapore.
He is a Singapore Millennium Foundation (SMF) Ph.D. scholar. He
obtained Bachelor of Engineering in Computer Engineering from
NTU in 2007. He worked as a systems engineer in Hewlett-Packard
Singapore Pte. Ltd. from 2007 to 2008. In 2011, he has been
awarded with the Best Paper Award in the 13th IEEE International

International Journal of Information Technology

Vol. 16 No. 2 2012

Conference on Communication Technologies (ICCT). His research
interests include trust management in multi-agent systems and
intelligent agent augmented interactive digital media in education.
Zhiqi Shen is currently with the Division of Information
Engineering, School of Electrical and Electronic Engineering,
Nanyang Technological University, Singapore. He obtained BSc in
Computer Science and Technology in Peking Univ., M.Eng in
Computer Engineering in Beijing Univ. of Technology, and PhD in
Nanyang Technological University respectively. His research
interests include Artificial Intelligence, Software Agents, Multiagent Systems (MAS); Goal Oriented Modeling, Agent Oriented
Software Engineering; Semantic Web/Grid, e-Learning, Bioinformatics and Bio-manufacturing; Agent Augmented Interactive
Media, Game Design, and Interactive Storytelling.
Zhi-Qiang Liu received the M.A.Sc. degree in Aerospace
Engineering from the Institute for Aerospace Studies, The
University of Toronto, and the Ph.D. degree in Electrical
Engineering from The University of Alberta, Canada.
He is currently with School of Creative Media, City University of
Hong Kong. He has taught computer architecture, computer
networks, artificial intelligence, programming languages, machine
learning, pattern recognition, computer graphics, and art &
technology. His interests are scuba diving, neural-fuzzy systems,
painting, gardening, machine learning, mountain/beach trekking,
photography, media computing, horse riding, computer vision,
serving the community, and fishing.

9

