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Figure 1: System overview. 1: Input surface. 2: Set of scanned real branches. 3: Best found fitting branch assigned to a reciprocal
pattern of target curves. 4: Joints fabricated by audio-visual guided positioning by human and a computer numerical control
(CNC) router. 5: Fabricated and assembled result.

ABSTRACT
We propose a design and fabrication system leveraging the diverse
shapes of natural wood. With our system, precise geometries are
fabricated from non-standardized, naturally curved branches. In
this way, low-valued tree branches are up-cycled to a construction
material. The process is implemented as follows. Taking a set of
branches and a user-defined parametric target surface, the system
makes a reciprocal pattern of curves that lie on the surface. Then,
it automatically matches the shapes of the scanned branches with
these curves. There was a similar attempt to build a large beam
structure from tree trunks using industrial equipment such as cranes
and robot arms. In contrast, we target smaller surface structures
from tree branches using more accessible tools (2.5D CNC) with
human-in-the-loop operation. We ask the user to manually place
a branch to a defined orientation with the help of audio-visual
guidance. Then a CNC-machine can mill out the joint. Finally, the
structure is assembled by hand without screws or adhesives.
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1 INTRODUCTION
The unique shapes and textures of wood are aesthetically favored
for furniture and architectural design. At the same time, the prefer-
ence for industrial wood production is even-aged and monospecies
conifer forestry. Such forests produce straight tree trunks which
are suitable to cut into standardized pieces. The broadleaved forest,
on the other hand, produces small tree trunks and branches that are
typically just chipped and burned. Their unique curvy shapes make
them difficult to systematically use for higher value applications in
construction and manufacturing.

Our goal is to develop a computer-aided system that can handle
these curvy tree branches. We propose a workflow leveraging digi-
tal fabrication techniques. To make a structurally sound structure
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Figure 24: Scan of fabricated dome compared to virtual
model.
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Figure 25: For selected branches (all with 4 joints) of the fab-
ricated dome: branch skeleton overlapped with target curve,
virtual model of branch with cutting vector and milling
path, photograph of fabricated branch.

Figure 26: Prototype fabricated without audio-visual feed-
back. 1. Fabricated result. 2. Virtual model of planned struc-
ture. 3. Milling paths of joints and side planing.

1 2

Figure 27: Crush test of fabricated dome. 1. Experimental
setup. 2. Failure mode.

Dome structure

Figure 28: Crush test of dome structure. Load-displacement
graph.

radius could potentially be placed at parts of the structure that take
more load. And it would be desirable to avoid making a joint at a
locally dense node.

We found that it was easy to collect tree branches, and to pur-
chase them at a low cost directly from the forestry industry. But
much effort is spent on material handling, i.e. to build and attach
each marker cube, and to scan the branches one by one. For the
system to scale well, these steps would need to be less of a burden.
Scanning a bulk of branches at once, rather than one by one, is tech-
nically feasible. As for the ARmarkers, the process would be quicker
if the marker cube was mass-produced instead of ”home-made”. Or
even better, time and effort could be saved if it was possible to do
marker-less tracking without compromising on accuracy.

The fabrication itself is rather time-consuming. Most of the time
is spent for milling the joints. That is not unique to our system,
but equally time-consuming with engineered wood. Using multiple
CNC-machines parallel is one possibility to speed up the fabrication.
As for the human task of positioning, it is rather quick and, we find,
an enjoyable way to part take in the fabrication. The calibration
steps after the positioning also rather quick but tedious. The user
has to stand up and look closely at the branch from multiple angles
to visually assess the position of the milling bit. This step would
be easier if the user was assisted by a second camera capturing
only the zoomed in area under the milling bit. Then the user could
adjust the milling bit position while looking at a screen. With such
engineering improvements of our prototypical system, it would be

WILD WOOD GRIDSHELLS
Digital Structures MIT, Prof Caitlin Mueller

Arthur Billotte & Oskar Forsblom
IBOIS Studio

231219



Arthur Billotte & Oskar Forsblom
IBOIS Studio

231219

Hardwood connectors

Roundwood beams

Roundwood colomn

Roundwood colomn

Hardwood connectors

Roundwood beams

Hardwood connectors

Roundwood colomn

Roundwood colomn element

Hardwood connectors

Threaded rod and bolts

Roundwood colomn element

Horizontal cuts

Hardwood connectors

funels for pouring resin

holes

Roundwood colomn

Hardwood connectors

AXONOMETRY 1:20

COLOMN ELEMENTS   
1:20

CONNECTION DETAIL 01   
1:10

CONNECTION DETAIL 01VARIANT   
1:10 

CONNECTION DETAIL   
1:5

CONNECTION DETAIL   
1:5



Arthur Billotte & Oskar Forsblom
IBOIS Studio

231219

ELEVATION  1:100

First floor  1:100

ground floor  1:100

SECTION  1:50

ELEVATION  1:100


