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Figure 1: Workflow overview: 1.fix branches on plates 2.scan the plates and upload the model 3. play the game with scanned
branches 4.fabricate joineries by a CNC router 5. The layout of a screen wall designed for South by South West (SXSW). 6. An
assembled screen wall.

ABSTRACT
While tree trunks are standardized as lumber, branches are
typically chipped or burned. This paper proposes a workflow
to upcycle such mundane and diverse natural material to ar-
chitectural elements. Introducing an online design interface,
we let users participate in the design and fabrication work-
flow from collecting branches to CNC milling. The branches
are first scanned, and then key geometrical features are ex-
tracted and uploaded to the online game "BranchConnect".
This application lets multiple non-expert users create 2D-
layouts. At the point of intersection between two branches,
the geometry of a lap joint and its cutting path are calculated
on-the-fly. A CNC router mills out the joints accordingly, and
the branches are assembled manually. Through this work-
flow, users go back-and-forth between physical and digital
representations of tree branches. The process was validated
with two case studies.
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1 INTRODUCTION
Effective use of natural resources is becoming an impor-
tant theme in architectural design. Although wood has been
used for building throughout history, it is nowadays particu-
larly promoted as a sustainable construction material [16].
While tree trunks are processed and standardized into lumber,
the rest of the tree, mostly branches and bark, are typically
chipped or burned as fuel. In the DIY community we can
observe some activity making objects out of naturally shaped
branches, but these are often limited to handmade decora-
tions. Since tree branches account for 25 % of a whole tree,
there is a large potential contribution to the effective use of
natural resources if we can use branches for building. [1].
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More than being resourceful, the use of tree branches can
provide a desired character for architectural design. Active
use of local materials is a recognized design approach, called
vernacular architecture [12]. Weston claims that a building
made out of local materials represents the local commu-
nity, which helps to foster a sense of belonging [15]. We
put emphasis on this hub aspect of local materials. We take
fabrication as an opportunity for non-experts to foster their
knowledge, skills, and even the sense-of-belonging [5]. In
terms of educating or supporting non-experts, various tools
have been developed to assist non-experts to complete and
realize their designs [6]. We also developed the design game
which assists users to complete their designs, however, our
motivation is to provide opportunities to connect others. In
this sense, tree branches perform as tangible medium to par-
ticipate in a community [4, 10].
This paper proposes a method to upcycle organically shaped
materials to fabricate architectural elements leveraging com-
putational fabrication techniques. For collecting and design-
ing, we developed an online interface where users can freely
post branches they have found. Further, users can create and
post layout designs of branches through the online game
BranchConnect. The submitted layout designs are directly
translated to custom lap joints. As lap joints work as rigid
joints and do not require additional systems such as screws,
the assembly process of is simple and user-friendly (Fig-
ure 1.4). In this paper, we share the technical details of our
workflow, and report from two case studies where we let non-
expert users design and build a 2D screen wall. In summary,
our contributions are

� A workflow enabling to use diverse and natural mate-
rial as design components.
� An online game-based approach to collaborative archi-
tectural design.
� A method to design and fabricate customized non-
orthogonal lap joints using high-resolution contours.

2 RELATEDWORK
Several design and fabrication projects focused on organic
shape of trees. Monier and colleagues virtually explored ar-
chitectural design with branch-like components, and Wood
Barn project realized a structure from forked tree trunks built
with custom joineries milled by a robot arm [9, 11]. While
they used large tree trunks, our work uses tree branches,
which are more obtainable and reasonable size for crowd-
sourcing without requiring special equipment. The challenge
is the size and fragility of branches, thus it is more difficult
to process. Schindler and colleagues used digitally scanned
tree branches for furniture and interior design elements [13].
While they demonstrated the capability of digital fabrica-
tion processes to handle irregularly shaped branches, the

design process was dependent on experts. Our work scaled
their approach by gamified collaborative design interface
and fabrication workflow for non-experts. Architectural de-
sign is inherently collaborative among users and architects.
Computer mediated participatory design in architecture was
further explored by Cimerman [2]. Talton and colleagues de-
veloped a collaborative design tool for users to design trees
and plants [14]. FoldIt crowdsourced protein structure pre-
diction to game players [3]. DrawAFriend is an app to collect
stroke data for auto-stroke assistance [8]. Human-in-the-
loop construction methods were proposed in architecture-
scale [7, 17]. While these works take users either on design
or fabrication, our work let users participate in the whole
processes not only for problem solving but also for providing
experience.

3 WORKFLOW
The workflow is summarized as follows (also see the left of
Figure 1). Branches are first collected and attached to ply-
wood plates. Then they are scanned, processed and uploaded
to the online game BranchConnect. Players create their lay-
out design by moving branches around in the game. Once a
design is finished, it is exported to another application that
calculates the unique milling paths of each pair of joints.
The CNC router mills out the joints accordingly, and users
assemble the branches by hand.

Collecting and Scanning Branches
The first step is to collect branches. Then they need to be
trimmed down below a fixed length, determined by the reach-
able area of the CNC router used for fabricating. In our setup,
the maximum length is about 50 cm. Branches are manually
cut using a saw. Then they are attached to plywood plates,
with about 5-8 branches per plate. They need to be firmly
fixed to stay in place during the milling process. We use
metal fixtures and screws to attach them.
To be able to import the collected branches to the game,

their shapes are captured by digital 3D-scanning. After a
textured mesh model is acquired, we extract skeleton, con-
tour, and radius as a simplified representation of the branch.
First the branches are segmented from the background by
simply applying a height threshold. The top view 2D con-
tours of each branch are obtained by contour detection. The
skeleton is detected by applying Delaunay Triangulation
to the contours and extracting the middle points from the
triangles. After extracting the skeleton points, their order
is analyzed, and a curve is drawn to connect them. In this
process we need to consider the case of a grafting branch
(Y-shaped) consisting of multiple segments. To avoid cutting
metal fixtures during milling, their locations are identified by
mouse-clicks and marked with a red dot. After all required
data is extracted, it is uploaded to a cloud database, and the
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