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Abstract
In this paper, we propose a user interface that combines the
existing touch interface with 3D view navigation by aerial
hand gestures and that realizes simultaneous zooming and
scrolling. While the touch interface enables only planar op-
eration, aerial hand gestures enable 3D operation with an
increased number of axes, and enables smooth navigation
that integrates zoom and scroll operations by assigning the
direction that is normal to the screen to zooming and the
direction that is parallel to the screen to scrolling. We imple-
mented a map application based on the proposed interface
to confirm the effectiveness of the proposed interface.

Figure 1: Operation of VolGrab
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Introduction
Recently, touch screens are widely used as input interfaces
for computers such as PCs and smartphones. Since the
amount of contents that can be displayed on a screen at a
time is limited due to the screen size, there are demands
for changing the size of displayed letters or images on the
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screen depending on the situation. View navigation such as
zooming and scrolling is used for such a purpose. While
some view navigation methods on a touch screen have
been proposed such as specifying a zoom area by touch-
ing a touch screen with two hands [4] and performing zoom
operation by rubbing a touch screen [9], the method of
scrolling by dragging and swiping on a touch screen and
zooming by pinching like in Google Maps has become com-
mon in these days. On the other hand, there have been
research of view navigation methods without using a touch
screen such as those using a mouse [2, 3, 13] and aerial
gestures [1, 14]. There has also been research of changing
the contents to be displayed during navigation to make the
operation easy such as changing the zoom ratio depending
on the scroll speed [6]. As the research that extends the
existing touch interface, the system that enables multi-layer
operation by setting an IR sensor on a touch screen [12]
and the system that obtains the posture of a touching finger
using three laser planes at different heights [11] have been
developed.

User interfaces that combine the touch interface with aerial
gestures have also been proposed. As an extension of ex-
isting view navigation methods, there has been the meth-
ods that assigns aerial finger gestures to zooming and
scrolling together with the existing touch interface [5, 7, 10]
and the method that combines operation on a touch screen
with operation by aerial finger movement obtained by us-
ing motion capturing [8]. However, there is a problem that it
is difficult for a user to perform zoom and scroll operations
simultaneously since most of the methods assign each of
zoom and scroll operations to an independent gesture com-
mand.

Therefore, in this paper, we propose a user interface that
combines the existing the touch interface with 3D view nav-

igation operation by aerial hand gestures. Since zooming
and scrolling are performed frequently in view navigation,
smooth navigation is realized by enabling users to perform
these operations simultaneously. Since the proposed inter-
face includes all functions of the existing touch interface,
and in addition to that, the interface gives the function of 3D
view navigation as an extension to the touch interface, it is
expected that the proposed interface allows users smoother
operation than the existing touch interface.

VolGrab
VolGrab(Volume Grabbing Interface) is a user interface that
enables 3D view navigation by aerial hand gestures. While
the touch interface enables only planar operation, aerial
hand gestures enable 3D operation with an increased num-
ber of axes, and enables smooth navigation that integrates
zoom and scroll operations by assigning the direction that
is normal to the screen to zooming and the direction that
is parallel to the screen to scrolling. In VolGrab, the view
navigation function is enabled only when the user’s hand
is in a grabbing posture. This enables the user to perform
consecutive zoom and scroll operations by repeating grab-
bing and releasing, which is a similar way to the ones in
dragging a mouse and swiping a touch screen. Additionally,
since navigation is disabled when the hand is not in a grab-
bing posture, the function of view navigation by aerial hand
gestures does not interfere with the existing touch interface.
Therefore, to the user can perform view navigation by aerial
gestures and then perform selection operation by touching
the screen with keeping the view.

3D view navigation by aerial hand gestures
VolGrab enables view navigation by grabbing and moving
information volume in the shape of a pyramidal frustum as
shown in Figure 2. This information volume is a virtual and
invisible object that consists of a pile of images with dif-
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ferent scales. The information volume is translated by the
amount of movement of the hand in a grabbing posture.
The part cropped by a red frame called a clipping window in
the information volume is displayed on the screen. By mak-
ing the information volume that consists of a pile of images
resized in varying scales, the movement of the informa-
tion volume in the direction that is normal to the clipping
window is assigned to zooming and the movement in the
direction that is parallel to the clipping window is assigned
to scrolling. This enables integrated zoom and scroll opera-
tions by moving the information volume in a 3D space.
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Figure 2: Concept of VolGrab

Figure 1 and Figure 3 show how a user performs 3D view
navigation using aerial hand gestures. Figure 1 shows the
user grabbing and moving the information volume to per-
form zoom and scroll operations. Figure 3 shows the user
performing view navigation using aerial hand gestures. The
circle on the screen is a pointer which is drawn at the posi-
tion where the position of the hand is orthogonally projected
on the screen. In Figure 3 (a), where the hand is in the non-
grabbing posture, only the pointer is moved, whereas in Fig-
ure 3 (b), where the hand is in the grabbing posture, both
the pointer and the view is moved.

Figure 3: 3D navigation method
(a)Non-grabbing posture,
(b)Grabbing posture

When the shape of the information volume is pyramidal as
in Figure 2, the change of zoom ratio is proportional to the
amount of orthogonal movement. On the other hand, ex-
ponentiall zooming is also possible by making the informa-
tion volume that consists of resized images in exponentially
varying scales. Furthermore, when the information volume
consists of images that have not only different scales but
also different levels of detail, it is possible to change dis-
played contents according to the scale in the applications
such as a map viewer.

Usage scenarios
There are two patterns of VolGrab’s usage scenarios: the
case when the target of view navigation is the entire screen,
and the case when the target is a part of the screen. A typ-
ical usage in the former case is map viewing. Map viewer
applications such as Google Maps are often used to search
a particular place and confirm the way to the place. Fig-
ure 4 shows the scenario that the user wants to find the way
from the zoo to the airport. To find the way from the zoo to
the airport, the user needs to zoom in the map around the
zoo (Figure 4(a)) and around the airport (Figure 4(c)), and
to zoom out to see the overview (Figure 4(b)). In such a
case, zoom and scroll operations have to be performed fre-
quently. Using the proposed interface, the user can perform
zoom and scroll operations by one motion, which reduces
the number of required steps from those using the existing
mouse or touch interface.
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Figure 4: Usage scenario on a map application:
(a) Zoo, (b) Overview, (c) Airport
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On the other hand, a typical usage in the case when the op-
eration target is a part of the screen is operation of UI com-
ponents such as buttons and scrollbars. Small UI compo-
nents such as buttons in a toolbar often cause unintended
operation such as erroneous selection. Such errors can be
reduced if the UI components are enlarged temporarily. For
instance, the width of the UI components such as a scroll-
bar or a slider can be changed by zooming in/out the bar or
slider as shown in Figure 5, which makes it easier to finely
adjust the position.

Figure 5: Zooming a slider

Implementation
We implemented the VolGrab interface on a prototype sys-
tem. In the following subsections, we describe the system
configuration, the method for detecting grabbing hand pos-
tures and an example of use.

System configuration
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Figure 6: System configuration

The configuration of the prototype system is shown in Fig-
ure 6. In this prototype, we assume the UI for desktop PCs
since desktop PCs that allow touch operation have increased
recently. A 21.5 inch full HD multi-touch monitor is used for
obtaining touch operation. A depth camera DS325 (Softki-
netic) that is fixed above the screen using a tripod is used
for obtaining aerial hand gestures. The size of depth im-
ages captured by the depth camera is 320×240 pixels, the
range of obtainable depths is 0.15−1.0m, and the frame
rate of capturing depth images is 60 fps. Using depth im-
ages from the depth camera, it becomes easier to detect
the position and posture of the hand than using color im-
ages In order to detect the grabbing hand posture, a hand
region is detected from a captured depth image, and whether
the hand is in the grabbing posture or not is determined
from the shape of the hand. In addition, the hand move-
ment relative to the screen is obtained by using the posi-
tions of the detected hand and the screen, and the amount

Figure 7: Grabbing posture detection:
(a) Non grabbing posture, (b) Grabbing posture

of zooming and scrolling is calculated according to the
movement.

Detection of grabbing hand postures from depth images
In this implementation, we define the state in which the
finger is stretching as the non-grabbing posture, and not
stretching as the grabbing posture. Figure 7 shows an ex-
ample of grabbing posture detection. The hand region is
scanned from the screen side to the user’s side and the re-
gion from where the fingertip is detected to where the finger
width becomes larger than a threshold, which is the maxi-
mum of the assumed finger widths, is defined as the finger
region. The extracted finger regions are shown in red in
Figure 7. The length of the finger region is defined as the
finger length. If the obtained finger length exceeds a cer-
tain threshold, the state is regarded to be the non-grabbing
posture, and otherwise the grabbing posture.

Example of use
We created an application that allows view navigation of
Google maps by aerial hand gestures that works in a web
browser. In this application, the information volume that
varies the zoom ratio exponentially is used. Figure 8 shows
the user actually performing view navigation in the case
of going from the zoo to the airport. First, the detail view
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around the zoo (Figure 8(a)) is displayed, then the overview
that covers both the zoo and the airport (Figure 8(b)) is dis-
played by zooming out, and finally the detail view of the
airport (Figure 8(c)) is displayed.

Conclusion
In this paper, we proposed a user interface that combines
the existing touch interface with 3D view navigation by
aerial hand gestures and that realizes simultaneous zoom-
ing and scrolling. We implemented a map application based
on the proposed interface to confirm the effectiveness of the
proposed interface. Future work includes implementation of
zooming and scrolling of UI components and the usability
testing with participants.
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