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Abstract

Currently, most virtual reality systems use upper body
parts to interact with objects in the virtual environment.
This situation is caused by technological limitations of cur-
rent interface devices. The goal of this project is to de-
velop and build a hands-free navigation system to be in-
tegrated into virtual environments. One of the most impor-
tant fields in virtual realty (VR) research, is the develop-
ment of systems that allow the user to interface with the
virtual environment. The most intuitive method for moving
through a virtual landscape is by walking. The implementa-
tion of a walking interface for a virtual reality system also
allows a greater range of biomechanical experimentation
and game research. Systems ranging from different plat-
forms have already been implemented to produce virtual
walking; however, these systems have been designed pri-
marily for use with head mounted display systems. We be-
lieve that hands-free navigation, unlike the majority of nav-
igation techniques based on hand motions, has the great-
est potential for maximizing the interactivity of virtual en-
vironments, due to more direct motion of the feet. To make
this possible, we created a simple device using acceleration
sensors to detect ankle movements within the virtual envi-
ronment. The sensors are attached to the foot and detect
movement based on direction. This experimentation could
prove beneficial in future virtual gaming. Validation of our
approach is given by discussion and illustration of some ex-
perimental results.

Figure 1. Previous Foot Input Device

1 Previous work

Input devices on virtual environment have had an in-
creasing demand on the research area in virtual reality [1].
The majority of the Virtual Reality input devices are hand-
operated, such as the keyboard, mouse, joystick, pen-tablet,
etc. Today’s interactive games, however, require more ac-
tive and natural participation on behalf of the user. For this
reason, researchers are going to investigate other new body
parts as input devices.

This paper introduces a new approach to a virtual reality
input devices focusing on the foot. We can use our feet for
basic input operations, giving freedom to other body parts.

This led us to create a simple sensing device for detecting



Figure 2. Joyfoot” Foot input device based on foot mo-
tion sensing

ankle motions [2]. Our first version of foot input was based
on detecting the orientation of the sole, converting it to a
directional signal. This implementation had rotary encoder
sensors on each foot sole as shown in Figure 1.

We implemented the interface to cope with the flaws in
the design. More specifically, the first prototype suffered
from lack of sensitivity in backward weight shifts. After
many experimental results, we designed a new version of
the foot input device known as the “Joyfoot” as shown in
Figure 2.

“Joyfoot” permits users freedom for changing motion di-
rections naturally. This allows users to input two operations
simultaneously. Examples include pointing out an object
and changing position at the same time. Users can express
where they want to go or what they want to do trough nat-
ural movements[4]. This also allows the user to move or
walk without making any step or hand movement, freeing
other parts of the human body.

2 Methodology

“Joyfoot” consists of some acceleration sensors attached
to a sandal for detecting motion. The sensors are connected
to a strap directly below the knee with rubber bands.

The acceleration sensors sense foot motions and trans-
late that action into movement. Specifically, the accelera-
tion sensors measure the direction and amount of the foot’s
motion as shown on figure 3 and 4.

According to the amount and the direction of the foot, the
angle of the ankle is detected and translated to an electrical
signal[5], the PC detects changes in voltage and calculates
the direction data and inputs it into graphic system.
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Figure 3. Acceleration Sensor Diagram

Since the level of voltage of the interface is in an analog
form, we need a sampling process to convert it into a digital
signal that our PC can manipulate. “Joyfoot” is connected
to an A/D conversion board which takes care of the conver-
sion in a rate that provides the user with high play ability
and unnoticeable response times.
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Figure 4. Circuit Diagram

The PC detects changes in voltage, calculates and sends
direction data to the graphic system, according to increases
or decreases in voltage.

3 Calibration and Data Transformation

Calibration is also needed before using the “Joyfoot”.
This requires input of five key-points: Center (C) to serve
as the neutral position, Front (F), Left (L), Back (B) and
Right (R). The vectors CR, CF, CL and CB divide the
sensor plane to four parts, which are mapped to the four
quarters of XY. Each of these vectors is moved, rotated,
sheared and re-scaled to coincide with the vectors x, y,
-X, -y of the target system. The transformation algorithm
takes into account the possibility that the key points form a
left-handed coordinate system, and manipulates the sensor



values.
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Figure 5. System’s sensing plane

These points form a region of all the possible sensing
values for each angle of the user’s foot. This is called The
user’s sensing plane. Vectors from the Center point to the
four other points are used to decompose arbitrary directions
to a regular coordinate plane shown in Figure 5.

In order to map the system’s sensing plane to a right-
handed coordinate system, we calculate a transformation
matrix for each quarter (eg. Front-Center-Left) of the
sensing plane using the following formulas.
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We need to calculate the angle for each quarter, for every
quarter we have two vectors as shown in figure 5. Where
« and (3 represents (x,y) depending on each quarter? and?

Va2 + (B2 represents the lengths.

This transformation aims in making the Center Right
and the Center left vectors collinear to xx axis, as well
as the center front and center back vector collinear to

the YY axis. The transformation also scales then sensor
coordinates in order to normalize the input to one.

On the other hand, the program takes five points, center,
right, left, front and back. For every point we start from
zero, if it is right or left in their axes in order to know if it
is perpendicular or not.

Sometimes the calibration fails and the system can not
perform the conversion due to user error. In such a case, the
conversion software will warn the user and the calibration
will be repeated. Optionally, the user can then choose to
use a logarithmic function to increase the stability around
the center without diminishing the responsiveness of the
interface.

The values returned by the sensors simply refer to an-
gles corresponding to distances between points on the foot
and points around the knee. These values are not very use-
ful when used directly. For this reason, we used the de-
vice to input a user’s positional movement. We made a data
transformation algorithm using two sensor values to calcu-
late X and Y directional acceleration values shown in Figure
6. The basic idea of the data transformation algorithm is a
space transformation. We used the following method to de-
fine the relationship between the sensor values and the XY
values.

Figure 6. Calibration Equipment

The algorithm requires 5 points of basic postures (center,
front, back, right and left) in sensor space. Those points
are related respectively to points (0,0), (0,1), (0,-1), (0,1),
(0,-1) in XY space.

The movement, rotation, shear and rescaling have to be
calculated for each one of the four parts of the sensor plane
and the results are stored in a transformation matrix.

The sensor’s input value is multiplied every time with
the correct part of the transformation matrix and then
manipulated in various ways to include a customizable



stability around the neutral point, a measure correction
to make more efficient the corner positions, and the ap-
plication of logarithmic functions to improve response time.

In this application, because we choose a game which
only requires two dimensional input, we use only two
sensor values. However for other cases we require three
dimensional values.When the users change movement
according to motion, the sensors receive information. Since
we considered the structure of the human legs, it was
possible to detect different movements.

4 System Architecture

We use a stereo viewing system for displaying. Various
scanning modes are being investigated, which results in a
number of systems incompatible to one another.
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Figure 7. Overview of the Architecture System

We address the problem of the interconnection of such a
device through standard conversions by a signal processing
approach, namely the model of a universal standard con-
verter, which is based on a layered functional architecture.
The concept of a virtual standard is introduced for stereo-
scopic signals. When this machine receives direction data,
it redraws a picture according to the data such as figure 7
and figure 8. In summary, the system receives direction data
from the Joyfoot” unit, reconstructs the scene picture and
transmits it into the projector.

5 Application Game

In this section, we will show how the proposed approach
can be applied to a Windows game application. A game
player first puts on the device and stands in front of a 100
inch projected screen. Then, by using “Joyfoot” the player
goes through a virtual Aerial Circus game, which has many
routines? (Jumping, Trampoline, Bungy Swing, Flying

rope), as shown in Figure 9. The game player must follow
the instructions in order to select one of the games before
start the game.
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Figure 8. As a result, the output voltage is proportional
to the acceleration from the corresponding axis output ter-
minal

The game rules are very simple and easily understood.
This game requires the player to use his/her feet as shown in
figure 9. Some excited game players might use their whole
body for input, increasing the exhilaration of the gaming
experience.

Figure 9. Game Playing Scene

For instance to control the timing of somersault using
Joyfoot, users should move right to control somersault tim-
ing. Points are given by 3 different movements. The first
moves the acrobat, such as her knees when landing. It is a
preparation step for jumping. When the acrobat has jumped
high enough we move right to control the dummy.

Playing the game, players can see that “Joyfoot” is a
very intuitive device and will understand the usefulness and
fun of using both their feet in a VR gaming environment.



6 Impact Application Area

For desktop computing. “Joyfoot” could be used instead
of a mouse as a pointing device, or as second pointing
device. When used as the main pointing device, a user
can move a pointer on the screen while typing a keyboard.
In 3D modelling for example, a user often wants third
hand. While the right hand is occupied moving a point,
the left hand is also occupied typing a shortcut key to
change operation mode. The modeler may also want to
simultaneously change the viewpoint, which he could do
using “Joyfoot”.

In Virtual Reality systems, “Joyfoot” is very powerful.
When you move objects from one point to another point,
such operations using both hands and feet are natural in the
real world, and would incorporate actions such as grabbing,
walking and dropping. In this case, assigning walking
operations to foot-controlled input is a better solution than
using hand actions for walking.

In another example, assume that we want to complete
a more complex task in a VR environment. When a chief
engineer checks a design for complex pipe distribution in
a plant, using a VR system such as a CAVE, and finds a
point requiring inspection, he may want to take a memo
with his/her palm PC (which is connected to the VR host
computer). His writing is related to the point coordinate
and/or? the bad object immediately. Ideally, his/her hand
should be ready for writing when he notices something.
Therefore assigning movement operations to foot action in
the VR environment is very important.

There is much demand to have hard-to-reach informa-
tion accessible at awkward times: a craftsman may want
to read a blueprint while working, a surgeon may want to
watch a visualized CT data whilst operating, a engineer
may want to read manuals while doing maintenance, and so
on. “Joyfoot” will be a useful device as these ideas become
a reality.

7 Experimental Results

As measurement results the order of Front (F), Left (L),
Back (B), Right (R) is preserved, even though it is dis-
tributed and depends on how much the person can move
his foot at the time they wear the input device , as shown in
figure 10.

The direction sensitivity of measurement can be defined
by the area of a quarter, divided by the area of all quarters.
Since the system is consistent and relatively sensitive to any

Area of a Quarter

Sensitivity =

Area of all four Quarters

direction, we can define the direction sensitivity measured
by the following formula.

L X SFR
FR sensitivity is

given by =

SFR + SFL + SLB + SBR

As an example of Front, Right

According to the relative sensitivity to directions, we
conclude that from Forward to Backward there is a big
movement and equal to the sensors range, not as right and
left movement.

-

= Siow Slow
| Arralarate | Aooebersta  Constant velonty | dowy ¢ Constant velocty | dowe
f - - T - ; .
| 1 : i
- | ] | ] | ]
- 1 ' ity 1
a8 : i : ; - -
D ] H i H i
- ] ; i I |
I i i i I
1 ] 1 ] 1
1 ] 1 1
) } { 5 o g
Stat oM | g D Sibp
Tiow dowg ] 1 ] Ehow i i
+ i H | H i
» ' ol 7] I Oups 1 kg
i X i XD ] [ 3 2
o ] ) | . ! '
3 = 1 i ] ]
B 1 i i } }
"% 3 i i 1 i i
o8 ] ) i )
i E. L L 1 L 1 e
= l,,
ws ¥
i s ! i ]
] ) i ! i
1 ] 1 W 1
| i O |
o | | i |

Figure 10. Output generated when acceleration was ap-
plied

As an experimental results we showed that a sensitivity
range between 10 and 50 percent gave us an acceptable lev-
els of control as shown in Figure 11.

8 Comments

The project presents a multi-modal interface that pro-
vides a natural space, where the user can interact with a
virtual environment via the 3D graphics, audition and natu-
ral movement.

1. Replacing input with a keyboard or mouse, foot input
devices systems are intuitive for current operations using
hands and feet naturally in the real world. 2. The design of
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Figure 11. Measurement results show forward and back-
ward movements equal to the sensors range

this interface opens the way to a new foot interface based on
foot position and motion measurement. These techniques

are shown to be simple and sufficiently accurate. As well,
this link technology does not disturb the visual interaction
and keep enough freedom for the user.

9 Conclusions

In this paper we have presented a new VR input device
that can be objectively used in many VR applications. Com-
pared with the traditional input devices such as keyboard
and mouse, “Joyfoot” opens a new wearable user interface
technology with motion detected from the foot.

As an advantage of this device, we can conclude that by
giving freedom to other parts of the body, users can interact
easily in the virtual world, making hands-free from motion
operation. Users can input two operations at one time.
Foot operation is very useful for moving naturally around
the virtual world. Working on a new foot input device has
demonstrated the power of body sensing, giving freedom to
our hands and making games interactive to users.

The streamlined configuration requires only a few sen-
sors. The design of this interface also eliminates mechani-
cal parts that could wear out. “Joyfoot” opens the way to a
new foot interface based on foot position and motion mea-
surement.
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