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Abstract— In this paper the addition of a hand recognition
device to VR glasses was demonstrated. In the investigation a
leap motion sensor was added to a pair of Windows Mixed
Reality VR glasses, which allows hand tracking without a hand
controller. The implemented solution was tested in a sample
application. The theme of the game is horror, which encourages
the player to react quickly. Three alternative implementation of
moving in virtual space in the application was tested. The
development of the control unit redesigned for virtual space was
done in a Unity based project. The system allows players to
perform specific gestures using the thumb and index finger,
specifically to press buttons. The software using the built-in
profiling system was evaluated, which shows what future
optimizations are possible within the project. In summary, we
have succeeded in creating a hand recognition system that
tracks accurate hand movements in real time, which is a
significant improvement in hand recognition implementation
compared to the driver produced for the system.
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Virtual reality is an environment simulated by a computer
that you can interact with.

INTRODUCTION

VR replaces reality with an imaginary world that can be
seen through a special head-mounted device (HMD). In this
environment, hand tracking is an important task [1-10]. Many
devices do not have this functionality, or it is not sufficiently
accurate for an industrial application. It is common that hand
motion tracking is designed to follow a special hand
controller, whereas many applications would require the use
of someone's naked hand. Our goal was to create a VR game
that is both fun to use and opened up a new way for users to
use handheld interactions and in-game movement within the
game. It is a very important question, because VR sector is
currently at a turning point. Developers are now having to
adapt to the hardware, and in the same way, the hardware is
still evolving. Sometimes it is very straightforward to look at
the problem from a developer's point of view: how can we
create a software that meets the needs using specific hardware,
how difficult is it, how can it be done. The basic idea with VR
is to translate as many sensory experiences as possible into
virtual space and to make them immersive for the user.
Bringing our limbs into the virtual space is a milestone to this
long way.

Our target is not only the entertainment industry, but can
also benefit many other industries in the field of simulation
[9]. We know of applications in the hazardous or heavy
industry from our present studies. There is a wish that our
system could be used for other industries daily practice later
on.
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Also, there is an increased tendency for people to stay
more and more indoors (specifically because of the last years’
health situation) and consequently people are looking for ways
to break away from everyday reality, so there is an increased
willingness to connect to virtual reality. The research
questions are the ways of hand control implementation
methods, their usefulness from the aspect of the user and from
the aspect of system’s performance. The structure of this paper
is the next: section II. and III. contain applied hardware and
software solutions, section IV. deals with the investigation of
the usefulness of the introduced solutions and chapter V.
contains the Conclusion.

II. HARDWARE IMPLEMENTATION AND TEST

ENVIRONMENT

By our plan a Leap Motion control unit was required
physically connecting to the HMD head unit. Based on the
manufacturer's recommendation, the Leap Motion was
mounted in the middle of the front of the HMD. For this
purpose, a special adapter was designed. According to the
manufacturer's website [1] it was modelled in Fusion 360 [2].
A frame around the model was drawn and then cut out the port
location (Figure 1). Along the frame, two bumps on each side
were created, and a support element to fit the curve of the VR
Headset, which fits at the points of the bumps to ensure it is
held in place.

Design was created in Ultimaker Cura [3], which
implements the printing mesh for the model. The elements
were then 3D printed (Fig. 2) [4-8].
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Figure 1: Modelling in Ultimaker Cura software.
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Figure 3: 3D Printed Leap Motion holder from different angles.

After that we had to plan of use cases, which VR gestures
could be implemented if You use your own hands in the virtual
space. First is to direct the movements in the labyrinth. There
were three implementations of player movement that were
examined.

The second is the fine handling of objects in the VR space.

Figure 4: Interactive buttons within the game.
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An ATM-like model was created with different
operating controls on them (Fig. 3). The question is whether
fingers can be recognized and interacted with. First
implementations were buttons, next to the buttons, sliding
cubes were also placed that need to be dragged to continue the
game.

There is also a life level indicator system (Fig 4.) that
monitors the rotation of the carpal bones on the left arm and
appears when you turn your palm towards you. The player has
three lives, and this is presented in VR.

HEALTH:

Figure 2: Life indicator fitted to wrist movement.

III. HAND MOVEMENT RECOGNITION

A. Hand-Bone technique
It is based on the recognition of the rotation of the hand.

The most important of these is the calculation of rotation
vectors - Euler angles or quaternions.

The Euler angle theorem is useful and important because
it describes the rotation of a body with help of three angles.
Since three perpendicular coordinate axes can be
distinguished in space (X, Y, Z), three separate rotations can
be performed about each axis. An acceptable alternative is to
use quaternions, which allow us to perform any rotation,
regardless of orientation, with a given angle and rotation value
given by the vector. The first solution was preferred, as its
calculation is more complex, but Unity Engine has a service
for this calculation.

This principle could be used to control our character, and
knowing that the hand recognition implementation was
successful, we dared to think boldly and implement the
movement of the planes to control the movement manually.

As we know, it can rotate on three axes, which helps it to
move in space. Yaw, Pitch, Roll, i.e. lateral, vertical and
longitudinal rotation. If we put our hands out in front of us, we
can rotate our wrists in these three planes, because wrist
movement is a movement with 3 degrees of freedom. If we
map this logic into the above-mentioned hand recognition
sensor, we can not only in principle, but also in practice, make
the movement work with "gestures" in the absolute space
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B. Magicsee RI controller

The first, in which we used a tiny Magicsee R1 joystick
ring [11-13]. This ring has an analogue lever that can be
hidden on the inside or outside of the hand, which doesn't
interfere with hand recognition, so it retains the advantage of
both worlds, which is its own specialty. Fine hand movement
can still be used to solve in-game tasks, but movement is
handled by the joystick and headset.

This is a safe approach to the problem that will ensure
proper, guaranteed operation.

C. Virtual VR keystrokes with hand recognition

Another, more daring approach, which is not provided by
the vendors, is to push the boundaries of the framework with
our own implementation. As some elements are not

Figure 5: Activating hand gesture illustration.

implemented in the Unity development environment, creative
solutions were introduced in one or two cases for direct the
movements in the labyrinth.

Here's how it works:

If the player extends the thumb and index finger (forming
a pistol) with both hands, a script is activated, which results in
a virtual keystroke (in my case "W") (Figure 5).

A keystroke will force the virtual keyboard to move
forward, and then you can use the north point of the headset
to move forward. If one of your hands is no longer showing
the gesture, the forward progress will stop.

It is important to note, once again, that this tricky solution
is not native, it is not feasible by default in the current
development environment, but it is representative of what this
build would be capable of. For me, this was important to point
out because it was conceptually suitable, but a solution that
could affect the stability of the computer would not be
considered as final (in my case, virtual keystrokes meant that
even if I minimized the program, it still monitored the hand
movements and guaranteed keystrokes outside the program)
[14-16].
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IV. COMPARATIVE ANALYSIS OF MOTION CONTROL
METHODS

Learning curves of the above-mentioned three solutions
were analyzed in a non-representative investigation. The
implemented three different locomotion technologies were
compared by handling speed using the timer implemented in
the game. Each successful run was recorded, measured and
saved in a table, rounded to minutes for the simplicity. The 25
runs of each type were normalized with eq. 1 to show the
performance that can be achieved with these three types of
movement methodology.

TABLE I. RESULTS OF THE INVESTIGATION OF THREE IMPLEMENTED

METHODOLOGY
Leap Motion Leap Motion Leap Motion
Fingergun (C hand bone (A Joycon (B
method) method) method)
A F3 z F2 Zi F1/
/min /min min
-27% 19 -36% 20 1% 16
-27% 19 -27% 19 9% 15
-27% 19 -27% 19 9% 15
-27% 19 -27% 19 27% 13
-9% 17 -18% 18 27% 13
-9% 17 -9% 17 27% 13
-9% 17 -9% 17 36% 12
0% 16 -9% 17 36% 12
0% 16 0% 16 45% 11
9% 15 0% 16 55% 10
9% 15 0% 16 55% 10
9% 15 0% 16 55% 10
27% 13 9% 15 64% 9
36% 12 9% 15 64% 9
45% 11 9% 15 64% 9
55% 10 9% 15 64% 9
64% 9 27% 13 64% 9
64% 9 27% 13 73% 8
82% 7 27% 13 73% 8
82% 7 27% 13 73% 8
91% 6 27% 13 82% 7
91% 6 36% 12 82% 7
91% 6 45% 11 91% 6
91% 6 64% 9 100% 5
100% 5 73% 8 100% 5




AIS 2022 — 17th International Symposium on Applied Informatics and Related Areas

Learning Curve
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6. Figure: Learning rates calculated by eq.1

The following is the formula for the calculation:

xi—x(max
2 = — % n)

(1

x(maxp)—x(ming)

where the xi is the actual measured value, n is the set with
the smallest interval and the smallest variance (this is F1 in
this case)

In each case, the test was executed 25 times to see the
potential for improvement. The best results were 5 minute
with fingergun and joycon solutions. The learning curve is
better at joycon solution (Fig. 6.). As the figure above shows,
the most difficult movement technique to learn was the wrist
movement based one, which made it even more difficult to
learn due to the absolut orientation (lack of dynamic north
point selection mentioned above). The joycon solution is the
most effective, but it still does not give up the idea of having
empty hands, so the golden mean is the "fingergun" method,
which is more difficult to learn than joycon, but guarantees
similar results (Fig 6.).
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V.

Our goal was to solve the problem of using hands in the
VR environment, replacing handheld controllers. My choice
of topic was motivated by the fact that there are many
applications where this might be necessary. This was
supported by the literature research, but it is not solved in
many HMD devices. Where it is solved, the accuracy of hand
tracking and gesture recognition typically leaves something to
be desired. As part of this exercise, several devices were tested
and selected a hand recognition device, the Leap Motion
sensor, to pair with my existing VR glasses. To fit it together,
a 3D printed mounting element was made to secure the device.
We reviewed the literature to see what options were available
if we could incorporate the hand recognition device for in-
game movement and interaction. Then a virtual console was
implemented that could be controlled by buttons and a special
display that worked based on gesture evaluation. We
implemented 2+1 separate types of solutions for controlling
spatial movement and compared their usability. I created a
game that randomly generated a maze and included all the
features. Based on my tests, I was able to implement a low-
latency hand recognition algorithm. As an extension, I
proposed additional new program features that could have
specific behaviors. We hope that our investigations will be
useful in VR practice, especially in the industry.

CONCLUSION
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