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ABSTRACT 
In this poster, we present a low-fatigue VR travel framework 
which provides smooth transition between three types of travel 
metaphors, walking, Segway and surfboard, with one multi-touch 
device. Our thought is that by mapping non-dominate-hand 
gestures to lower body motion, users can travel in a low-fatiguing 
and intuitive way while working on other VR tasks like picking 
up objects or moving virtual widgets with their dominant hand.   

Keywords: 3D user interface, multi-touch gesture, low fatigue, 
travel. 

Index Terms: I.3.6 [Computer Graphics]: Methodology and 
Techniques—Interaction techniques; I.3.7 [Computer Graphics]: 
Three-Dimensional Graphics and Realism—Virtual reality 

1 INTRODUCTION 
Travel is one of the main topics in VR research. One of the most 
difficult problems in designing a good travel interface is to find a 
balance between effectiveness, efficiency, fatigue, presence, 
precision, and intuitiveness. A lot of research has been done on 
bringing real world travel approaches into VR to enhance 
presence and intuitiveness. Usoh et al. [1] compare real walking, 
walking-in-place and flying travel interfaces and argue that real 
walking can provide the deepest sense of presence. Valkov et al. 
[2] present a Segway simulator which maps foot gestures captured 
by a Nintendo Wii Balance Board to Segway driving. Wang & 
Lindeman [3] propose a surfing travel interface inspired by 
“Silver Surfer,” which can provide a 3D flying experience. 
However, unlike selection and manipulation, travel is the kind of 
task that users don’t want to devote so much time and attention to. 
Travel usually happens between points of interest where other 
tasks are performed. It is very necessary to develop a low-fatigue 
travel interface for long-duration VR users. 

VR researchers and arcade game developers have already 
implemented several low-fatigue travel solutions. The most 
popular one is the WASD+Mouse which is the basic set in every 
FPS game. The drawback of this technique is also very obvious, 
in that it can only provide discrete speed control, and both hands 
are occupied during travel. Kim et al. [4] proposed a multi-touch 
gesture based travel technique which shows the potential of touch-
based devices used for virtual locomotion in VR. Two different 
types of gestures are introduced in their system. One uses the left 
hand for moving forward, backward, and strafing, and the right 
hand for rotation. The other only requires one hand, but can only 
either walk or turn at one time. Beckhaus et al. [5] propose a 
novel travel technique by using a tilting chair as an input device, 
but it is hard to be very precise for most people due to our 
inability to precisely control our center of mass.  

In this poster, we present a multi-touch gesture based a low-
fatigue VR travel framework. Taking advantage of the force 

sensor on the Synaptics ForcePadTM, users are able to smoothly 
switch between three different travel metaphors: walking, Segway 
and surfboard designed for different travel purposes: low-speed 
surface travel, high-speed surface travel, and flying. Unlike most 
traditional VR travel techniques, there are two independent 
mapping processes running simultaneously in our system. The 
first is the mapping from the signal captured by the input device to 
locomotion of virtual character.  At the same time, in the user’s 
head, the user is mapping his two-finger gestures to the virtual 
character using his imagination. We are interested in the 
additional presence we can get by involving the user’s own 
imagination. The purpose of this poster is to introduce the 
implementation of our framework designed to facilitate this 
research effort in the future. 

2 SYSTEM DESIGN 
One of the challenges in designing and implementing our 
framework is the alignment of the two mapping processes. The 
system mapping should be as close as possible to the mental 
mapping process done by the user. At the same time, the 
Synaptics ForcePadTM can detect up to 5 fingers, and provide 6-bit 
resolution and up to 1000g of force sensing. Furthermore, Wang 
& Lindeman [6] proposed two approaches for supporting Force 
Extension in 2D gestures, context force and shear force, to 
smoothly transition between position control and rate control. 
This gives us several choices for mapping to 6-DOF orientation 
and location control in 3D space. We begin with three travel 
interfaces which are easy to distinguish (Figure 1). 
 

 

Figure 1: Gesture mappings. 

2.1 Walking Mapping 
In our framework, walking is designed as a low-speed surface 
travel interface. Based on this design goal, there are 3-DOFs of 
movement including forward/backward, strafing, and turning 
(yaw). The first two DOFs, translations on the ground surface, are 
controlled by a two-finger gesture mimicking bipedal walking 
motion (Figure 2a). The trails of each finger will be translated to 
virtual-world locomotion. It allows users to control the speed by 
the frequency and distance of each “step.” Unlike the first 2-DOF 
mappings which use position control, the third DOF, yaw is a 
rate-control mapping which is implemented by pressing on either 
the left or right side (Figure 2b). The pressure on each side will 
determine angular speed of turning left or right. The translation 

*email: zyan@wpi.edu  
†email: gogo@wpi.edu 
 

193

IEEE Symposium on 3D User Interfaces 2015
23 - 24 March, Arles, France
978-1-4673-6886-5/15/$31.00 ©2015 IEEE



and rotation gesture are totally independent. With these settings, 
the users are able to do both translation and rotation 
simultaneously like our natural walking experience. Assuming the 
user is using her left hand to travel in our system, she can use the 
thumb to turn right, or ring finger to turn left, while at the same 
time the index finger and middle finger can be used to walk in a 
certain direction. This supports uni-manual travel. 

 

Figure 2: Illustration of walking metaphor multi-touch gesture 
mapping. (a) is a position-control translation mapping; (b) is a 

rate-control rotation mapping 

2.2 Segway Mapping 
To achieve faster speed on the ground, the user can put both her 
index finger and middle finger horizontally aligned on the 
ForcePadTM to switch to Segway mode. As a vehicle, a Segway 
only has two DOFs. One is moving forward or backward, with the 
speed determined by how much weight the users put on their toes 
or heals. The other, steering, is controlled by the difference 
between left-foot and right-foot pressure.  

In our framework, we implement two types of Segway mapping 
solutions. Translation mapping is the same for both solutions 
(Figure 3a). If the direction of finger micro-displacement [6] is 
forward, then the virtual character movement will be too, and the 
average pressure given by both fingers will be the travel speed. 
Rotation mapping is different in the two solutions. The first 
solution measures the pressure difference between the two fingers 
for turning left or right in the same way a real Segway does for 
foot pressure (Figure 3b). In the second solution, instead of 
mimicking foot gestures, we map the Y-axis difference between 
the two fingers on the ForcePadTM to the angular speed, moving 
towards the desired Segway pose from the current perspective 
(Figure 3c). Furthermore, to reduce the need for extreme physical 
rotation of the fingers, we introduce force extension to control the 
acceleration of the angular speed. When force extension is 
triggered, the virtual Segway will turn at a faster and faster rate. 
Acceleration is controlled by the pressure of the outside finger.  

 

Figure 3: Illustration of Segway metaphor multi-touch gesture 
mapping. (a) is the translation mapping; (b) is the first solution 

of rotation mapping which compares the pressure between 
two fingers. The gradient bar on the right side indicates 

pressures; (c) is the second solution which compares the Y-
axis differences between the two fingers on the pad. 

2.3 Surfboard Mapping 
If the user wants to travel at a much faster speed than a Segway, 
say to travel long distance, or fly to somewhere across a very deep 
valley or river, he can switch to surfboard mode by placing his 
index finger and thumb in a vertical line on the touchpad (Figure 
4). Similar to the mapping proposed by Wang & Lindeman [3], 
the pressure difference between the front (index) finger and the 
back (thumb) finger is the pitch angle of the board. According to 
Wang & Lindeman [3], the mapping of pitch angle should be 
position control instead of rate control to prevent the user feeling 
confused. The X-axis difference between the two fingers is 
mapped to the angular (yaw) speed for steering. The third DOF, 
speed of moving forward, is controlled by the Y-axis difference 
between the two fingers on the ForcePadTM, similar to the idea of 
two-handed flying introduced by Mine et al. [7]. 

 

Figure 4: Illustration of surfing metaphor multi-touch gesture 
mapping. 

3 VIRTUAL ENVIRONMENT 
Our virtual world was developed using the Unity3D Game 
Engine.  As shown in Figure 1, it consists of various terrain types 
including large areas of deserts and forests with few obstacles, a 
small town with several buildings, and two very high mountains, 
the tops of which the user can only access by flying. Those 
different types of terrains are designed for testing the three travel 
interfaces and transition between them. 
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