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Abstract

This project sought to create an intuitive piano
playing experience through VR that allows users
a cheaper and mobile alternative to that of real
pianos. We used Leap Motion controls for ac-
curate finger tracking and the Unity engine for
creating the piano playing scene. We were able
to successfully implement finger tracking to press
the keys of the piano. User feedback depended
on how advanced their piano skills. Novice users
actions were easily recreated whereas advanced
users could not get the feedback they wanted. The
demo currently works better as a prop as opposed
to a real piano, though future improvements could
lead to a more authentic playing experience.

1. Introduction and Motivation

Virtual Reality (VR) opens the opportunity to
interact with real world devices that would other-
wise be difficult to obtain or realize. With this in
mind, we wish to create an interactive virtual pi-
ano that allows users with a Leap Motion device
and VR headset to play as though they were in
front of a real piano. This project is significant
because it would not only allow a new popula-
tion of people to play the piano, but also make
it easier for current piano players to practice and
play while on the go. Many people want to learn
how to play instruments, but the financial burden
of buying and maintaining an instrument can be

a significant obstacle. For example, even an al-
ready purchased piano requires tuning that costs
hundreds of dollars. Mobility is also a significant
problem; pianos are large and extremely cumber-
some. Instruments like these are difficult to trans-
port without other machinery. Most people can’t
make space for something like a piano, especially
on the move. A virtual piano would allow users
to avoid these cost, mobility, and space issues.
With the widespread use of VR, we hope to cre-
ate a simple VR experience in which a growing
user base can play a piano almost anywhere. Our
work would allow an entire new population access
to pay the piano without the need to leave their
homes, pay for lessons or rent rooms. Further
work could include incorporating a virtual assis-
tant that dictates the user to continue improving,
removing the necessity of a piano teacher.

We hope to create a stimulating experience that
captures the same realities of sitting in front of
a piano and playing. The virtual piano will re-
spond to user’s fingers accurately hitting the keys
by using hand and finer motions tracked by the
Leap Motion device. The Leap Motion device is
a hardware sensor that takes these inputs and re-
quires no physical contact. None of the current
iterations of virtual pianos accurately track the ve-
locity of finger tracking to dynamic sound of the
keys, something extremely important for all songs
of all genres. Doing this requires fine tuning of
the sounds of notes dependent on the velocity at
which users move their fingers to press keys. This
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would be the largest contribution from this project
as current VR pianos do exist, but they miss on
this vital aspect of playing the instrument. The
end product should be a fully interactive piano
that mimics real life without the tactile response
aspect. Future work could be down to incorporate
tactile feedback which would complete the entire
experience of playing a piano, but now in VR.

In summary our contributions are as follows:

1. Incorporate a a piano into a VR unity en-
vironment that allows for tracking of finger
movements to play.

2. Using velocity of finger movements to
introduce dynamics of the notes being
pressed.

2. Related Work
Our virtual piano will build upon and improve

on work with hand tracking, virtual pianos, and
other virtual instruments.

2.1. Hand and Finger Tracking

The most important aspect of the project is pre-
cise hand and finger tracking while also removing
the need of intrusive hardware. We could have
used haptic gloves, but this wouldn’t fit all users.
The Leap Motion is one-size-fits-all and provides
an accurate interface that is only inaccurate up to
.5mm [6]. This provides confidence that the Leap
Motion will be sufficient to get accurate measure-
ments for playing virtual instruments. A rough
idea of the Leap Motion device and its usage is
shown in Figure 1. How to utilize these measure-
ments is also essential. A previous EE267 project
integrated the leap motion for several movements
such as hand translation, rotation, key tapping,
and dynamic movement of the fingers [3]. These
are all essential movements for playing the piano
and will be heavily utilized in our own implemen-
tation of the leap motion device.

Figure 1: The Leap Motion is a small USB pe-
riphery device that captures hand motion using IR
lights and LED’s.

2.2. Current VR Musical Instrument Implementa-
tions

Currently most instrument implementations in
VR are simple string or tapping based instru-
ments. These are beneficial because they allow
a tipping off point for the beginning of musical
experiences in VR, however, they do not con-
tain many of the complexities that are involved
with transferring a real musical instrument to VR.
These projects though do give a framework on
how to approach bringing music to VR [2, 4, 7]

2.3. Current implementations of VR Piano

The best implementation of a viewable VR pi-
ano project currently is from the Beijing Institute
of Technology. They also used the Leap Motion
for finger tracking and successfully implemented
the piano playing features. Their main issues with
the final product were: no force feedback mak-
ing it difficult for users to locate their hands when
playing quickly and no real collision making cer-
tain actions difficult to interpret in the game en-
gine. Our implementation hopes to do the same
as this project, but also add dynamics to the keys
[5].

3. Implementation
3.1. Unity and Piano Integration

While we could create our own interactable pi-
ano object for Unity, this wouldn’t be practical
or time-effective. Therefore, we were limited by
the assets offered in the Unity Asset Store. Fortu-
nately, we found a musical keyboard asset com-



plete with animations and musical notes corre-
sponding to the individual piano keys. Origi-
nally, the animations and notes were triggered by
pointer clicks, so we had to modify the scripts to
trigger the notes upon collision with other objects.

3.2. Unity and Leap Motion Integration

The integration of Leap Motion and Unity was
difficult at first because the Leap Motion is only
compatible with certain VR headsets like the Ocu-
lus Rift and HTC Vive. Also, the Leap Motion
Unity Asset only works for Windows, so we had
to develop on the EE 267 Lab Computers. Orig-
inally, we were planning to use the Oculus Go to
create a more seamless VR experience, but the
Oculus Go doesn’t support Leap Motion integra-
tion. Therefore, we have to fall-back on the Cus-
tom View Master Head Mounted Device (HMD)
built for EE 267. More details and specifications
of this can be found on the EE 267 website. The
experience was run on a Windows PC in Unity,
and the LCD display within the HMD was con-
nected as an external display. Using concepts that
we learned in EE 267 and the scripts provided by
the TA’s, we could use stereo rendering as picture
below.

Figure 2: There are two images rendered, one
for each eye in the View Master. The discrepan-
cies between these two images give the illusion of
depth.

3.3. Finger Tracking and Collisions

There are a total of 4 hand models in each
scene. There is a rendered hand model that you
can see for each hand, and a physical interaction
based model that is hidden from the user. The
physical based model contains collider shapes,
outlined in green in the image below. These col-
lider shapes are used to demarcate when objects
collide with one another.

Figure 3: Each of the individual bones of the fin-
gers have colliders objects around them, as well
as the wrists and palms.

Once the Leap Motion hand models were in-
tegrated with Unity, it was time to finally test
the collision between the keyboard buttons and
hand models. While the key pressed animations
were correct, the sound dynamics were incorrect.
Specifically, some of the notes didn’t stop playing
once collision between the piano key and hand
ended. Our initial guess was that the Leap Mo-
tion hand models used a sweep-based continuous
collision detection algorithm [8]. However, the
Unity implementation of this algorithm doesn’t
account for the angular momentum of objects, and
the large performance overhead associated with
this algorithm may have caused it to miss some
collision enter/exits. As a solution, we called a
function that performed sound fading shortly af-
ter the note was played, simulating correct sound
dynamics.



3.4. Sound Fade Dynamics

To create realistic sounding piano notes, sound
fade must be incorporated after the key is no
longer pressed. There are different curves used
for sound fade, including linear, logarithmic, ex-
ponential and s-curves. In this experience, a
straightforward linear sound fade is used. The
algorithm for the linear sound fade is presented
below:

Figure 4: In this algorithm, the volume of the
audio source is linearly decreased over time.
Time.deltaTime records the time elapsed between
the previous frame and the current frame.

3.5. Visual Feedback

An extra feature added was visual color feed-
back. When the keys are pressed by the user,
they light up as a visual feedback. Our purpose
for doing this is that both visual, haptic, and au-
ditory feedback are a important components of
commercial VR systems [9]. While we couldn’t
implement haptic feedback, we thought that col-
ored keys could be a feasible and worthwhile ad-
ditional feature. You can observe this implemen-
tation below.

Figure 5: The individual piano keys light up with
different colors when the user presses them.

Additionally, this visual component provides a
nice segue into for future work in creating tutori-
als by lighting up the keys that users should press
when playing a new song.

4. Experiments
4.1. User Feedback

Our experiments were limited to our group and
the few people who tried our experience during
the EE 267 Final Project Demo Session. Most, if
not all, users were novice piano players. Many
people were pleased with our demo. However,
there were some hit-or-miss experiences depend-
ing on how users position themselves.

The Leap-Motion controls require users to be
positioned accurately above the sensors. If users
do not place themselves correctly, the demo feels
strange due to the visual feedback of finger move-
ment being different than their own. Further work
could employ strategies in Unity to mask the
finickiness of the Leap Motion interaction with
the piano. Another option could be to add an in-
teractive tutorial at the beginning of a session that
demonstrates the best way to position their hands
or even have some kind of object in the scene
that helps users with the positioning of their hands
while playing.

Novice users in general were happy with the
demo to play a few keys with their fingers. This
is where the demo excels since it can very eas-
ily track the independent fingers and the collision
with keys works very well when only one finger
is used to play. This was not the same though
for advanced players. They reported normal hand
and finger movements they usually employ when
playing piano did not work as well as they would
hope. The main issue it seemed is that it was diffi-
cult to perceive how close to the piano their hands
were and when simply lowering a finger to play a
key it would either not reach or they would put
their hands too close causing several unwanted



keys to play. Another issue they reported was
the inability to rest their hands on the keys since
the colliders immediately start playing the sound
when a finger pressed on the keyboard. A solu-
tion to this in the future could be to incorporate
the velocity of the finger as a threshold before the
finger is pressed.

From this user feedback we evaluated that our
demo as it stands now works more as a prop piano
rather than an alternative to real piano playing.
Novice users would enjoy it significantly more as
the demo works fine with how they typically em-
ploy their fingers, for example playing the song
Chopsticks works very well as opposed to any-
thing that requires more than one finger on each
hand.

4.2. Qualitative Evaluation

The robustness of the experience depended a
lot on how users placed their forearms/wrist. If
users placed their forearms/wrists relatively high
above the Leap Motion, the Leap Motion was
able to accurately tracked their hands and fingers.
However, if their forearms/wrists right above the
Leap Motion, there hands would be placed at
awkward and unnatural positions in the VR expe-
rience. We believe this is reasonable, since when
people are taught to play the piano, they are often
instructed to keep their wrists raised. You can see
both of these positions in Figure 6 below.

Figure 6: One the left, the user has the wrists
closer to the Leap Motion device, resulting in an
inaccurate depiction of the hand models. On the
right, wrists are raised, so the Leap Motion is able
to get a full view of both hands.

5. Conclusion
Our finished product resulted in a demonstrable

prototype of a VR piano experience. Users may
take some time to adjust to the hand placement at
first, but after a few minutes of playing with it,
they were capable of playing beginner songs with
reasonable results. Advanced users though were
on the opposite spectrum and did not enjoy the
demo nearly as much. The lack of tactile feedback
and inaccuracies in the Leap Motion to track the
much faster motion of advanced players left them
wanting more. Our motivation for this project
was to provide an alternative to a real piano, as
it stands this is not the case. Small improve-
ments though in future work though could create a
more realistic experience and provide users a mo-
bile substitute for real pianos. What we learned
through this implementation could be applied to
creating other non-wind type instruments in VR.
Creating a VR drums experience not to be too far
off from the same methods employed for the pi-
ano and we expect it to be more realistic as play-
ing the drums already requires the use of a con-
troller like interface.

6. Future Work
In the short term, we could definitely make

some modifications to our prototype to create a
more robust experience. For starters, the View
Master HMD requires the use of one’s hand at all
times. Therefore, the user isn’t able to simulta-
neously play the piano with both hands and use
the View Master rendering. To solve this issue we
would need to create a head strap similar to other
commercial VR headsets, allowing for a more im-
mersive experience.

Additionally, we would also like to make the
hand tracking more robust. To do that, we would
need to provide the Leap Motion device with an
unobstructed view of both of the user’s hands.
To do this, we could attach the Leap Motion de-
vice to the View Master HMD, as some other
commercial VR headsets do. That way, the user



can place their wrists/forearms as high or low as
they please. This would require more calibration
within Unity, but users would be happy to do this
at the beginning of a session if it meant more nat-
ural movement from increased finger tracking ac-
curacy.

To create a more realistic sound fade, we could
consider implementing a logarithmic curve sound
fade. This more closely mimics how human ears
perceive sound. This would be a nice touch for
audiophiles and musicians who wish to use this
experience in a way that more accurately imitates
real pianos [10].

Adding tutorials is a simple addition that could
be easily implemented by utilizing the lights on
keys we already have. The addition of tutori-
als could provide a cheap experience for users
to learn as opposed to paying for real lessons or
learning from videos which is not nearly as intu-
itive.
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