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Abstract—This paper summarizes our efforts of creating
an immersive virtual experience with natural user interaction
using a head-mounted display and body motion tracking. To
provide an interesting virtual environment, we developed
a gesture based 3D game that adopts superhero poses to
control supernatural player abilities. We describe how we
implemented the gestures and explain in detail how we
overcame the limitations of narrow real-world interaction
space using ”virtual rotation”.

I. Introduction

With the improvements in computing power and
display quality, new virtual environment technologies
have emerged that take immersion into fictional worlds
to the next level. Microsoft released the Kinect for XBox
in 2010, which allows body motion tracking and spoken
commands. It enables the user to interact with a con-
sole or computer without the need of traditional input
devices like mouse and keyboard. The Oculus Rift is a
head-mounted 3D display with three-axis rotation sen-
sors, which allows to mirror the user’s head movements
in a virtual environment. This device is currently in
development and is expected to be officially released in
2015. We used the Unity Game Engine to combine the
Oculus Rift with the Microsoft Kinect. Unity is a cross-
platform development environment and game engine. It
provides powerful game components and code libraries
that can be combined and controlled using scripts to
quickly develop impressive games.

II. Natural User Interface

Widgor and Wixon state in their book Brave NUI
World that one should not simply try to mimic real
world human interaction but rather create an interface
that makes the user feel comfortable and in control. ”A
NUI is not a natural user interface, but rather an interface that
makes your user act and feel like a natural.” [1 p. 14] Due to
technical limitations this may require that the user has
to learn how to use the interface before he is able to use
it to its full potential.

III. Project

The project was done as part of a lecture in computer
science master at the University of Applied Sciences
Ravensburg-Weingarten: Aim of this project was to de-
sign a natural user interface. Both, the Kinect and the
Oculus Rift allow natural interaction, but only for specific
use cases. We combined them to create a consistent

natural experience that allows users to fully immerse into
the virtual environment.

Fig. 1. Setup with Oculus Rift and Kinect

To test the interface in a virtual environment we
developed a gesture based 3D game, in which the player
is able to fly and shoot like a superhero.

Fig. 2. Ingame view of the user’s right eye
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IV. Kinect Sensor Characteristics

Boehm (2012) summarizes the specifications of the
XBox Kinect Sensor. Microsoft has not developed the
NUI sensor on their own. The Kinect was originally
developed by PrimeSense under the name PS1080 as a
system on chip (SOC). PrimeSense itself describes the
Kinect sensor technology as LightCoding, where a fixed
speckle dot pattern is generated by using an infrared
laser diode. A camera, with a distance of approximately
75 mm to the diode forms the second part of the trian-
gulation system [2].

V. Oculus Rift Characteristics

Parth Rajesh Desai et al. (2014) describes the Oculus
Rift as a ski-mask shaped goggle device that allows
the user to step into a game and look in any direction
[3]. The Oculus Rift uses custom tracking technology to
provide low latency 360◦ head tracking, allowing the
user to seamlessly look around the virtual world. Every
subtle movement of the users head is tracked in real
time creating a natural and intuitive experience. The
Oculus Rift creates a stereoscopic 3D view with depth,
scale, and parallax. Unlike 3D on a television or in a
movie, this is achieved by presenting unique and parallel
images for each eye. This is the same way eyes perceive
images in the real world, creating a much more natural
and comfortable experience. We used the Oculus Rift
Development Kit 1 in this project, since the Development
Kit 2 was not available at the project start.

VI. Challenges

We faced three main challenges using the interfaces:

• The Kinect’s detection range can only analyze a
skeleton reliable, if all body parts of the person
are visible. If parts, an arm for example, is behind
the back it has no possibility to track the position.
Therefore the player has to position himself to be
always seen by the kinect.

• The connection cable from the Oculus Rift to
the PC is about 2 meters which limits the users
general freedom of movement. He can’t move far
away from the PC, as well he can not turn himself
a lot because the cable would tangle.

• Using the keyboard as input medium, the arrow
keys and WASD have established for movement
in the game. The key sequence for game-specific
actions still need to be explained. Smartphones
with touch gestures have formed the same stan-
dards(click,zoom) and special application-based
gestures must be explained. With the Kinect
however, no standardized gestures have been
established yet and therefore all the gestures used
must be declared in each game. Widgor and
Wixon says: ”Understand that there is no such thing
as a ’natural gesture’ - you need to design the set of
gestures in your system.” [1 p. 220].

VII. Virtual Rotation

Controlling movement with gestures is limited by the
detection range of the Kinect and the cable connection
of the Oculus Rift. To ensure proper recognition of the
user gestures we had to make sure that the user was
constantly facing the Kinect frontally. This means that
we couldn’t simply use body rotation to control the
flight direction in the virtual environment. Therefore we
limited it to the user’s head movement. We allow looking
around in the virtual environment freely up to an angle
of 30◦. When exceeding this angle, the player’s avatar is
rotated in addition to the camera movement. The rotation
speed increases with the head’s rotation angle to support
fast turnarounds as well as slow panoramic views.

The virtual rotation function be

f (x) =

{
δ ∗ (x − α) |x| > α
0 |x| ≤ α

where χ is the user’s head rotation angle, α is the free
angle in which no virtual rotation is performed and δ
is the angular velocity i.e. the rotation speed. Due to
experimental testing we chose α = 30◦ and δ = 6◦/s.

Fig. 3. Plot of the virtual rotation function

VIII. Gestures

To get a better understanding of the Kinect’s capa-
bilities we tested some popular XBox games that make
heavy use of gestural interaction. It appeared to us
that most of them have one thing in common: they are
exhausting. It’s fun to wield a light saber, jump around
or stretch and withdraw your arms to hit someone - but
only for so long. After the initial euphoria the game
starts to feel like sport with entertainment. We think
this is not what people are looking for when playing
video games. Therefore our goal was to design effortless
gestures that could be performed continuously without
exhausting or frustrating the user. This means that we
had to find gestures with static character that still felt
powerful and made sense as controls. Powerful static
gestures have been used since centuries for statues of

2



heroes and legends. That’s why we decided to use well
known poses of superheroes as our interaction gestures.

When thinking about superheroes that are capable of
flying without any machine, there’s one man you can’t
get about - Superman. Who doesn’t know the pose he
performs at the end of a move when he flies into the
camera while stretching his arm.

Fig. 4. Superman flight-gesture
(http://www.renders-graphiques.fr/image/upload/normal/extrait
superman-returns 9.png - last access 10.11.2014)

A pose for shooting without a gun may be not as
obvious as the flying one. But thanks to the actor Robert
Downey Jr., Iron Man might be just as popular as Su-
perman nowadays. He shoots by overloading his control
thrusters to send out a powerful shockwave. Since they
are inside the palm of his hand he raises his arm to aim
and shoot.

Fig. 5. Iron Man shoot-gesture
(http://i88.photobucket.com/albums/k163/Soulbrotha64/ironman render.png -
last access 10.11.2014)

Since stretching the arm seems to work for both,
flying and shooting we decided to use the right arm for
flying and the left one for shooting. However, testing
showed that using the arms for aiming, shooting and
flight control while also being able to freely look around
was too much at once. Therefore we decided to com-
bine aiming and steering and bound them to viewing

direction. So that the arms only control one aspect each:
The right arm controls the flight speed and the left arm
controls whether to shoot or not.

IX. Tutorial

To introduce our developed gestures to the user we
created a tutorial based on the Rational Game Design
[4] approach: Introducing the interaction possibilities as
step-by-step guide. A new gesture will be shown to the
user, who then has to repeat the gesture several times,
till he has understood it. During the rehearsal process
the user is able to use the newly introduced gesture in
the real game. After this, a new gesture is shown to the
user and the process will repeat.

To explain the gestures to the user we introduced
a character named Sara. Sara explains the gestures by
talking to the user while demonstrating them. This is
supported by a text overlay, displaying Sara’s words on
the screen. If the user followed the instructions correctly,
she responds with positive feedback. We introduced Sara
due to tests with volunteers, which didn’t feel very
comfortable being left alone in the virtual world. A
human-like character acts as reference point and lets
the user feel more secure. Furthermore, seeing Sara’s
motions activates the user’s mirror neurons that allow
him to understand and imitate them better, than only
from an explanation.

X. Summary

The aim of the project was to create an immersive
virtual experience using a head-mounted display and
a motion detection device. The challenges included the
wired Oculus Rift, which prevents the user from moving
freely, as well as the Kinect, which only can detect the
user from one side. With our approach ”virtual rotation”,
we have implemented a technique that eliminates the
previous two deficits. The user can achieve any horizon-
tal rotation in the virtual space without turning his back
to the Kinect.
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