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ABSTRACT
In this paper, we propose a system that can carve virtual objects
in Mixed Reality (MR) space. The procedures of real-world carving
include sculpting a rough outline, shaping sections, and carving
patterns onto an object’s surface. Of these, we focus on the proce-
dure for carving patterns. Users of our system stroke a real object
directly using ChiselDevice, and the surfaces of 3D virtual objects
superimposed on the real object are “carved.” This paper describes
the design and development of the ChiselDevice and theMR carving
system and the findings of users’ experiences of our system.
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1 INTRODUCTION
With the rapid technological development of 3D printers, users
can create 3D models and print them as real objects by themselves.
However, it takes time for novice users to learn how to create the
model data by using modeling software. In addition, understanding
the 3D shapes of models on the 2D display is not intuitive. In
contrast, Arisandi developed amodeling system usingMixed Reality
(MR) technology and a ToolDevice, which utilizes the shape and
operational feeling of existing tools [Arisandi et al. 2014]. In this
system, by using a ToolDevice, which replicates the shape and
operational feeling of existing tools familiar in everyday life, users
can intuitively understand the tool’s usage. However in this MR
modelling system, it is hard to edit its surface in detail such as
to create decorative carving patterns. In this paper, we propose
and develop a novel ToolDevice, called a ChiselDevice, and an
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MR carving system that imitates actual carving tools and their
operations. In ourMR carving system (Fig. 1), the users can replicate
wood carving on the surface of a 3D model using the ChiselDevice.

2 RELATEDWORK
[Mizuno et al. 2003] proposed a system in which users can intu-
itively input the depth and angle of carving using a graphics tablet
with pen pressure. However, this system uses 2D displays and pla-
nar input/output devices, so there is a problem with this approach
in that it is not intuitive to operate. Some studies have attempted
to achieve direct/intuitive modeling operations by introducing real-
world tools and work procedures into the system. For example,
[Zoran and Paradiso 2013] developed “FreeD” as a system combin-
ing actual carving and modeling. In this study, the feeling of fingers
and hands and the haptic feedback of touching objects in modeling
work is realized by imitating the process of physical modeling in the
real world. There are few studies to virtually carve a surface using
a similar approach with physical carving in the real world. [Hisada
et al. 2006] developed a system “HYPERREAL” that enables users
to perceive as if real objects are deformed. However, this system
was not designed for carving requirements such as changing the
depth of the carving line from the angle and pressure of a device.
Therefore, in our research, we develop a system that satisfies the
following requirements:

(1) Direct/intuitive modeling in which users can directly touch
the input device to the real object

(2) Replicating the operability of actual carving work, such as
flexibility, operational ease, and tactile nature.

(3) Changing the nature of the carving line, such as depth and
width, by user operations in real time.

Figure 1: A virtual carving using proposed system.
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3 IMPLEMENTATION
In this study, we analyzed actual carving work with carving tools
and created a model to generate carving lines for our MR carving
system. There are various methods for generating carving lines
in computer graphics, such as bump mapping. In this study, how-
ever, in order to achieve real time processing, we generated them
as simple textures. Specifically, based on the image of the actual
carving stroke, we created a basic shape with the texture of the
v-chisel, gouge, straight chisel, and skew chisel trace. In the real
world carving, the ratio of expansion of the length, the width and
the depth of the carving stroke are determined from the basic shape
depending on the “pressure” and “angle” between the carving tool
and the carving surface. Therefore, we deform the basic shapes
according to the pressure and angle between the carving tool and
the carving surface. Then, the carving line is expressed by arrang-
ing the textures at the position where the tip of the carving tool
and the carving object are in contact (Fig. 2). To implement the
MR carving system, we use a binocular see-through HMD (Canon
MREAL HM - A1), which enables the user to perceive depth. In
addition, we monitor the position and orientation of the HMD and
the ChiselDevice, which are tracked using Polhemus FASTRAK,
a six-degree-of-freedom tracking system equipped with magnetic
sensors. The ChiselDevice we developed is shown in Fig. 1. To de-
tect the pressure of the carving tool on the real object, a pressure
sensor (Interlink Electronics Inc., FSR400 SHORT) is attached to
the tip of the device. The value acquired by the pressure sensor is
transmitted to the MR space management PC through Arduino Uno
(Arduino LLC). To obtain the position and orientation of the device
and the real object, a magnetic sensor is attached to the back end of
the device and the corner of the real object. The angle between the
carving tool and the carving surface can be calculated from these
values. In addition, sandpaper is attached to the tip of the device
to provide tactile sensations. The middle figure of Fig. 1 shows an
example of carving result.

4 USER EXPERIENCE AND DISCUSSION
We confirmedwhether the proposed system can imitate real carving
operations, and the effect of the proposed system on the behavior
of users through this approach. To do this, we compared carving
operations using our system vs. those using a liquid crystal pen
tablet. We recruited 12 right-handed participants (nine males and
three females, aged between 22 and 25 years), all of whom were
beginners in both systems. As a result, we confirmed that the par-
ticipants’ behavior in our system was similar to actual carving
work (such as when they carved while holding and rotating the
carving object) compared to the behavior using a liquid crystal
pen tablet. In our system, sandpaper is used to enable the user to
feel a reaction force, so the tactile feedback is different from the
liquid crystal tablet where there is little reaction force. In actual
carving, because the tip of the carving tool catches on the carving
surface, it does not shake, and the carving line does not blur. Since
our system gives a reaction force, the carving line does not blur,
as with actual carving. In terms of carving results, our system was
able to carve a straight line with less blurring. From the comments
from participants, we confirmed that they could change the depth
and width of carving by using the feeling of the reaction force as a

cue. These comments supported the assertion that our system can
provide natural operational feeling and that the users could control
the depth and width of the carving lines based on force feedback in
a similar way to actual carving.

Figure 2: Expression of carving lines.

In addition, there were comments such as “I felt the MR carving
systemwas similar to real carving because of the reaction force” and
“Because I got a reaction force using the MR carving system, it was
enjoyable as a carving process.” These comments suggested that
our system achieved “carving-like operation.” We also confirmed
the limitations of the proposed system. In actual carving, the re-
action force increases as the user tries to carve deeper, and they
can perceive the amount of the force. In contrast, since our system
only presents a simple reaction force, participants commented that
it was difficult to understand the difference in depth.

5 CONCLUSION AND FUTUREWORK
We proposed a system by which it is possible to carve (as in wood
carving) on the surface of a virtual object in MR space in a similar
way to performing an actual carving. By imitating actual carv-
ing and direct input, users can intuitively understand the usage
of the device and work without losing creativity. We compared
the proposed system to a system using a liquid crystal tablet and
confirmed that the proposed system can imitate actual carving. For
future work, we will extend the carving to complex 3D shapes and
add some virtual carving functions that take advantage of digital
modeling. Furthermore, we will develop a device with a mechanism
that can provide a variable reaction force depending on the depth
of the carving line.
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