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ABSTRACT

Syunsuke Ushiro

Ritsumeikan University

Virtual and mixed realities make it possible to view and interact
with virtual objects in 3D space. However, where to position
menus in 3D space and how to interact with them are often
problems. Existing studies developed methods of displaying a
menu on the hand or arm. In this study, we proposed a menu
system that appears at various body parts. By placing the menu
on the body, it enables the user to operate the menus
comfortably through kinesthesia, and perceive tactile feedback.
Furthermore, displaying the menu not only in the hands and
arms but also in the upper legs and the abdomen, the menu
display area can be expanded. In this study, we developed a
modeling application and introduced a proposed menu design for
that application.
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1 INTRODUCTION

The emergence of new, inexpensive head-mounted displays
(HMDs), virtual reality (VR), mixed reality (MR), and augmented
reality (AR) technology in the market, has made them relatively
familiar to most users. These technologies make it possible to
view and interact with virtual objects in three-dimensional (3D)
space via gesture operations [1, 2]. The method of interaction,
however, is far from refined. Menus are required to facilitate
interaction with these objects. However, the location of the
display of these menus in the field of view, and the method by

which the user should interact with them, remains undetermined.

A general method is to display the menus floating in the air.
Calaco et al. [3] used a touch menu positioned in the center of
the user’s field of view. However, this menu did not provide
tactile feedback, making it difficult to know when a menu
operation was completed.
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Figure 1: Concept image of the Tap-Tab Menu.

Grubert et al. [4] proposed a method to perform tasks such as
menu operation using a smart watch or a smartphone in the AR
space. The use of these devices resulted in the provision of
tactile feedback, reduced workload, and provided an indicator of
task completion. In addition, users could choose the position of
the menu by moving it around freely. However, it was necessary
to introduce a separate device in addition to the HMD.

Methods that employ the user’s body as a menu display area
have also been proposed. He et al. [5] presented a method to
display a menu centered in the palm of the hand. This method
was compared with the other methods of displaying the menu.
Most participants preferred the palm-based menu because it was
easier to use and see. Furthermore, we had previously proposed
a method of displaying the menu on the user’s forearm [6],
which provided a wider surface area than that of the hands. Such
a menu on the body can provide tactile feedback without
introducing real objects. In addition, smooth operation is
achievable through kinesthesia.

Employing the user’s arm or hand as a menu display area has
many advantages, but there is a display area limitation.
Furthermore, when all the menu items are placed on hands or
arms, the menu becomes complicated. To address this problem,
we propose the Tap-tap Menu (Fig. 1) that is displayed on
various body parts. Our system can provide tactile feedback
without introducing a real object, and smooth menu operation
through kinesthesia. In addition, distributing the menu functions
on different body parts alleviates the limitations of display area,
and facilitates easy-to-understand menu operation.

In this study, we focus on the hands, forearms, abdomen, and
the upper legs, which are easy to touch and see. We
implemented the modeling application and considered the menu
layout depending on the characteristics of each body part

2 TAP-TAP MENU

2.1 Displaying the Menu on the Body

Based on the discussions in Chapter 1, the following
requirements need to be met by an ideal menu in the 3D space.



(a) Operation without real objects

(b) Ease of movement

(c) Tactile feedback during operation

(d) Smooth operation

() High visibility

(f) Wide display area

In the case of the menu on the palm or the forearm,
requirements (a) and (b) are satisfied because users can move the
menus and there is no need to introduce real objects. Because
tactile feedback can be obtained by touching the body part
directly by hand, requirement (c) can also be satisfied.

Requirement (d) can be satisfied by kinesthesia. Mine et al.
[7] showed that the users can work in the VR space easily and
efficiently kinesthesia. The Tap-tap Menu is operated by
touching various body parts. Therefore, smooth operations are
possible through kinesthesia.

In this study, to satisfy requirements (e) and (d), we used the
hands, forearms, abdomen, and the upper legs, all of which are
easy to touch and view as menu display areas. Furthermore, by
expanding the display area of the menu to body parts other than
the hands and arms, it is possible to satisfy (f).

2.2 Implementation

We implemented the Tap-tap Menu system in both the VR
and MR spaces. A head-mounted display (Oculus Rift CV 1) was
used for the VR and MR space presentation. For the MR, a real-
world image was acquired via a stereo camera (Ovrvision Pro).
The positions of the body parts were acquired using a motion
tracker (Kinect for Xbox One). In addition, Unity 5.6.2 was used
for the development environment.

2.3 Application

We developed a 3D modeling application using the Tap-tap
Menu system as a testbed (Fig. 2). In this application, virtual 3D
objects could be placed freely within the 3D space via gesture
operations. We implemented the following functions: (i) object
creation/deletion, (ii) scaling, and (iii) object color adjustment.

As mentioned previously, we used the hands, forearms,
abdomen, and upper legs as menu display areas, and assigned
the functions based on the characteristics of each part. The
on/off switch for the menu was put on the abdomen, which is a
bit difficult to view but can be touched easily (Fig. 2(a)). Menus
for switching the functions (main menu) were placed on the
upper leg, which can be easily seen and accessed in the sitting
position (Fig. 2(b)). In addition, menus which are frequently
used; such as thumbnails of objects, and the color palette (sub
menus) are put on the hands and arms, because users can easily
see and operate them while working (Figs. 2(c) and (d)). It is
difficult to reach the upper legs in the standing position, and the
menus on the upper legs are swapped with those on the
abdomen (Fig. 2(e)).

3 CONCLUSION

In this study, we proposed the Tap-tap Menu that is displayed
on various body parts in 3D space. By using the Tap-tap Menu,

(b) Menu for switching
functions on the upper leg

(c) Thumbnails of objects on
the arm and the hand

(d) Multiple color options
on the arm and the hand

(e) Replace menus when
standing

Figure 2: Examples of Tap-tap Menu layout
in a modeling application.

users can obtain tactile feedback without introducing real objects.
Further, it enables smooth operation by kinesthesia. We used the
hands, forearms, abdomen, and upper legs as menu display areas,
which are easy to touch and easy to view. The menu functions
were positioned depending on the characteristics of each body
part in the 3D modeling application.

In our future work, we will propose a method for using other
parts of the body parts as menu display areas. Furthermore, we
will conduct comparative experiments with the forearm and the
palm menu, and will investigate the utility of the Tap-tap Menu.

REFERENCES

[1] F. Tecchia, G. Avveduto, R. Brondi, M. Carrozzino, M.
Bergamasco, and L. Alem, “I'm in VR!: using your own hands in
a fully immersive MR system,” Proc. VRST ’14, 2014, pp. 73-76.

[2] B. Ens, A. Byagowi, T. Han, J. D. Hincapié-Ramos, and P. Irani,
“Combining Ring Input with Hand Tracking for Precise,
Natural Interaction with Spatial Analytic Interfaces,” Proc.

SUI 16, 2016, pp. 99-102.

[3] A. Colago, A. Kirmani, H. S. Yang, N.-W. Gong, C. Schmandt,
and V. K. Goyal, “Mime: compact, low power 3D gesture
sensing for interaction with head mounted displays,” Proc.
UIST °13, 2013, pp. 227-236.

[4] J. Grubert, M. Heinisch, A. Quigley, and D. Schmalstieg,
“MultiFi: Multi-Fidelity Interaction with Displays On and
Around the Body,” Proc. CHI'15, 2015, pp. 3933-3942.

[5] Z.He and X. Yang, “Hand-based interaction for object
manipulation with augmented reality glasses,” Proc. VRCAI 14,
2014, pp. 227-230.

[6] T. Azai, S. Ogawa, M. Otsuki, F. Shibata, and A. Kimura,
“Selection and Manipulation Methods for a Menu Widget on
the Human Forearm,” Proc. CHI EA ’17, 2017, pp. 357-360.

7] M. R. Mine, F. P. Brooks, Jr., and C. H. Sequin, “Moving Objects
in Space: Exploiting Proprioception In Virtual-Environment
Interaction,” Proc. ACM SIGGRAPH 97, 1997, pp. 19-26.



