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Abstract.
Digital design techniques have improved significantly
to enable designers to design with fewer limitations. However, the
construction methods to fabricate these design proposals are still lagging
behind due to a lack of skilled labour, material constraints, and the
effects of gravity. Augmented reality has been developed in recent
years, and this allows users to impose 3D virtual objects onto the real
world. This essay will thus discuss whether augmented reality can
guide unskilled labourers to complete complex work, thus overcoming
one of the constraints on fabrication for complicated construction.
This essay covers the results of three augmented reality tests using
a Kinect device, a projector, and Microsoft HoloLens. It aims to
show that augmented reality can indeed be used to guide unskilled
labourers during construction to narrow the gap between complex
design methods and basic construction techniques. The results indicate
that augmented reality can guide such fabrication and thus improve
construction methods.
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1. Introduction
Increases in the complexity and choice of design software have significantly
improved the “design solution space” available to designers. However, compared
with the development of digital software and tools, the speed of change in
construction methods is slow, which means that existing construction methods
cannot satisfy more complex design proposals due to the significant difference
between building techniques and digital design goals (Crolla, 2017).
Simultaneously, augmented reality (AR) has radically improved in recent years
(Wang et al., 2016). Augmented reality aims to display 3D virtual objects in the
real world and to allow users to interact with these objects, acting as though the
virtual objects coexist with the real world (Wang et al., 2016). Previous researchers
have mainly focused on how to display 3D virtual objects in the real world or how
people interact with virtual objects rather than examining how to apply augmented
reality to fabrication, however.
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This paper thus focuses on three AR tests on three prototypes, which used a
Kinect, a projector, and Microsoft HoloLens to examine whether AR could be used
guide unskilled labourers in complex fabrication work. These tests aimed to show
that augmented reality can guide unskilled workers during construction to reduce
the gap between complex design methods and basic construction techniques.
Due to the great number of AR systems, types of unskilled labourers, and
complex fabrication examples, testing all possible combinations is impossible.
In this paper, therefore, two types of AR were tested: Kinect combined with
Projector, and Microsoft HoloLens. Local Master’s students were identified as a
representative group of unskilled labourers, and the complicated fabrication types
tested were the erosion of Styrofoam and aggregation fabrication using timber
components.
2. Reasons for Using Augmented Reality
Inspired by natural erosion types such as acid rain erosion and wind erosion,
acetone can be used to erode Styrofoam to obtain a more natural texture; this
also allows examination of whether Styrofoam can act as an architectural material.
In the preparatory work for this project, different substances were applied to
erode Styrofoam, and these tests indicated that acetone was the most efficient
readily-available material based on price and erosion time. To allow a better
understanding of how acetone corrodes Styrofoam, a series of experiments using
different methods to erode the Styrofoam was done before applying AR techniques
(Fig. 1).

Figure 1. The Reason for using AR in the project.

However, the inherent uncertainty caused by using fluid to erode a solid
substance and doubt about which parts should be removed and which parts
should be retained meant that the erosion process was not successfully controlled
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throughout the series of experiments, leading to the extreme difference between
the physical and digital models. As AR can be used to apply the virtual world to
the real world, AR was thus required for this fabrication to guide the process more
precisely.
3. Methodology
3.1. USING KINECT AND A PROJECTOR TO SCAN MODELS IN REAL-TIME

A Kinect device, produced by Microsoft, was applied to scan the ongoing model in
real-time. Compared with traditional cameras, the Kinect can more easily obtain
depth information. In addition, to display the computed colours on the initial
model directly and in real-time, a projector was implemented.

Figure 2. Augmented Reality test on prototype one.

After the setup was designed, the appropriate components were sourced, and
the Kinect, which was connected to the computer appropriately, was used to scan
the physical model in real-time. By using this method, information about physical
model was input digitally into the virtual model, and the scanned geometry was
allocated colours based on the calculation of the differences between the scanned
model and digital model in real time; the program used was otherwise similar to
that used in test one. By projecting the colours onto the physical model, however,
the user was able to more easily identify which parts should be removed and which
parts should be retained at each stage, thanks to the visual comparison with the
target geometry.
This test rig involved putting the initial geometry to be eroded in front of the
Kinect and linking the Kinect to Rhino and Grasshopper by using Quokka plug-in
in Grasshopper to determine the scan geometry in the form of a real-time point
cloud. This point cloud was then coloured according to the distances between
each point on the scan geometry from the design proposal. Finally, the appropriate
colours were projected onto the surface of the physical model by linking the
projector and computer. Different colours had different meanings: for example,
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green meant that that part should be eroded and red meant that that part should
remain. The colour changed in real-time during the erosion process, as the
Kinect scanned the physical model in real-time, allowing computer to recalculate
the distances between the scan geometry point cloud and the design proposal in
real-time; the projector was also able to project the colours onto the physical model
to guide the erosion process in real time .
3.1.1. Results and discussion
By using Kinect to scan the physical model and projecting the resultant guidance
colours onto the surface of the physical model to guide the erosion process in
real-time, users can fabricate the model following the colour on the model (Fig.
3).

Figure 3. Changes of colour.

Although the computer guides the application of the erosion material, the
erosion process still cannot be controlled as the fluid (acetone) is influenced by
gravity and flows down unpredictably, which causes unexpected erosion of some
parts that should remain (Fig. 4). However, the current work does not aim
to discuss how to control the influence of acetone on Styrofoam, and thus the
combination of Kinect and projector in an AR system can be said to successfully
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guide the erosion process by applying different colours to the physical model in
real time. In the second AR test on prototype two, this AR system was thus applied
to more complex geometry to check whether AR could guide this more complex
fabrication.

Figure 4. Unexpected erosion.

3.2. APPLYING KINECT AND PROJECTOR TO COMPLEX FABRICATION

3.2.1. Digital design development
To decrease the adverse effects of gravity, the users dropped acetone from top
to bottom, ensuring that the flow direction was the same as the direction of the
greatest gravitational pull. As with test two, the Kinect was linked to Rhino and
Grasshopper, and the initial geometry was scanned and input in real-time. The
computer then calculated the differences between the digital proposal and physical
model, and the projector was used to overlay colours onto the initial geometry. The
main difference from test two was that the Kinect and projector were affixed to the
top of the initial geometry in order to better account for the direction of the erosion
process under gravity. In this case, the purple parts were not for removal. While
the red sections were required to be eroded entirely; the yellow and green sections
lay somewhere between these states.
3.2.2. Results and discussion
Figure 5 shows the change of colour during the process of the erosion and the
guidance process moving step-by-step in real time as the AR augmented the
fabrication in real time. This technique thus allows unskilled people to follow
the colour coding to create a complex model which is unlikely to be fabricated
precisely without the use of AR. In this case, the data was simplified, as there
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was no need to use additional tools, and each complicated section was assigned an
appropriate colour.

Figure 5. Changes of colour on prototype three.
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Using the Kinect and projector can thus guide unskilled users to complete
complex fabrication. However, this refers only to 2D fabrication, as the projector
can only show 2D information, and users have to erode the form from top to bottom.
As almost all traditional construction requires 3D work, this method thus loses
significance and cannot be used for actual manufacturing.
3.3. USING MICROSOFT HOLOLENS TO GUIDE FABRICATION

The fabrication process of erosion cannot be controlled precisely because of the
influence of gravity on fluids. Another material is applied to the original substance
to achieve fabrication, but the question remains as to whether AR can guide such
fabrication. As a projector can only show 2D information, the Microsoft HoloLens
was applied to guide 3D fabrication. Microsoft HoloLens enables the user to
engage with digital content and interact with holograms in the real world. To
allow fabrication based on user need, an interface with Microsoft HoloLens was
applied to allow users to design their forms and to assemble these with the help of
Microsoft HoloLens.
3.3.1. How to guide fabrication in Microsoft HoloLens
The user can use Microsoft HoloLens to fabricate their model. To do this, a
script in Unity was created to help the user visualise each step of the process of
fabrication in Microsoft HoloLens.
In figure 6, the script that allows Microsoft HoloLens to identify the Tap
gesture is highlighted. When users gaze at the object labelled “Next” and make
the Tap gesture, Microsoft HoloLens will thus trigger the command “OnSelect.”

Figure 6. Show component.

Figure 7 shows the details of the “OnSelect” command, which shows the next
“game” object. This script thus allows users to access next gameObject by making
the Tap gesture. For example, if the user does a Tap gesture at the beginning of
the fabrication process, it will show the first step of fabrication. In this case, it
shows the first component and asks the user to put the component in the same
place identified by Microsoft HoloLens. Once this is done, they can perform the
Tap gesture again, and the device will show the second step, which involves the
second component in this project. The user can then put the second component
in the place indicated by Microsoft HoloLens and repeat the Tap gesture, moving
step-by-step to finish the fabrication. Figure 7 shows a user complete fabrication
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Figure 7. How the user uses Microsoft HoloLens to complete fabrication.
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3.3.2. Results and discussion
By this method, users can fabricate models using Microsoft HoloLens by making
Tap gestures to bring up images of how to complete each stage. In this way,
the need for 2D maps, as in traditional fabrication methods is removed, as it
is difficult for users to understand the 3D fabrication process based solely on
2D plans. Compared with 2D maps, the use of 3D virtual objects in Microsoft
HoloLens allows direct access to instruction, and the Microsoft HoloLens can
guide users in their fabrication further based on the use of the Tap gesture to move
through the process step by step.
However, there are still some problems with this process. When users
begin fabrication and need to put the component in the same place as indicated
in Microsoft HoloLens, they will not be able to see the physical component
clearly, as the virtual object will overlay the physical component, which may
cause uncertainty around positioning. A technical problem also arises in that the
virtual object cannot be fixed in the physical world, which causes shaking of the
virtual object as users complete fabrication. These problems arise in Unity and
require code solutions; unfortunately, within this project, the researchers are not
programmers, so this presents difficulties which need to be solved in the future
4. Conclusion
In first and second test, the Kinect can provide real-time scans of the ongoing
model during the process of erosion, and the scanned point cloud geometry can be
input into a computer using Rhino and Grasshopper in real-time; the projector can
then be used show the appropriate colours directly onto the fabrication, which can
guide the fabrication process in real-time. In this test, AR guided fabrication using
three “real-time” functions. However, this kind of guidance can only be applied
to 2D fabrication, as the projector only provides 2D information. In the third test
on prototype three, Microsoft HoloLens replaced the projector; this is because
Microsoft HoloLens can show 3D virtual objects overlaid on the real world. The
AR headset can guide a user throughout fabrication as they use the Tap gesture to
move to the next stage.
Design software allows designer significantly more freedom to solve design
problems. The Kinect and projector setup is a new method that can guide unskilled
labour in complex fabrication by using AR to simplify the process by showing
different meaningful colours in real time, as seen in this project. Microsoft
HoloLens can also guide 3D fabrication work where users implement the Tap
gesture to move from step to step. These two AR setups help to narrow the
gap between modern advanced design techniques and basic construction methods.
Future development should thus focus on using AR to guide users in more complex
fabrication.
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