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KEYWORDS ABSTRACT

Virtual Piano, Image The objective of this study is to provide a method for real-time hand movement detection using
Processing, only a webcam and machine vision technology, which involves image processing that can
Hand Gesture Recognition, recognize multiple gestures for interaction with a computer. The functionality of this study is
MATLAB, similar to simulating a virtual piano using hand gesture detection and specific movement detection
OpenCV. for each piano note. The implementation was done in MATLAB and Visual Studio C++ using the

OpenCYV library, and a comparison between the two implementations was performed. The results
show that the implementation using the OpenCV library is faster and more efficient in most cases
compared to MATLAB. The accuracy of the implementation using MATLAB is 86.45%, and
using OpenCV is 92.7%. In terms of time, the detection of each hand gesture corresponds to a
musical note in the MATLAB environment, which takes approximately 1.39 seconds, and in the
OpenCV environment, it takes approximately 1.19 seconds.

Extended Abstract

1. Introduction

mportance of human-computer interaction is increasing significantly. Creating a virtual interaction device,

such as a virtual keyboard, using a webcam and machine vision techniques can be an alternative to touch

screens. In this study, hand gesture tracking for virtual keyboard application using a standard webcam was
designed and implemented. The

Goal of this research is to develop a program for object tracking for interaction with a computer and to create a
device for virtual human-computer interaction. There are two ways to implement a virtual piano: using data glove
methods and machine vision methods. Data glove methods use sensors that detect hand movements and connect
those movements to a computer. Data gloves are commonly used in virtual reality (VR) applications, where the user
sees a virtual image of the data glove and can manipulate virtual environment movements using the glove.
Additional sensors make it easier to detect hand position and movements. However, these devices are expensive
[1.2]. In contrast, machine vision methods only require a single camera and are therefore easier and less expensive
to use [3]. In this study, computer vision is used to receive video from a webcam and analyze it frame by frame to
detect hand movements in each frame. Techniques such as image processing are used to detect hand position and
blue labels on the fingernails (as Figure 1) for processing the hand position and detecting a particular hand gesture.
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Figure 1. Blue Markers on Fingers

The input is an RGB image, so the image is divided into three color spaces: "red, green, and blue". There are
three color thresholds from 0 to 1. As mentioned, blue labels were used to detect the hand to eliminate the red and
green colors; the threshold for these two colors is saturated. The virtual piano of the current work was implemented
in both MATLAB and Microsoft Visual Studio using the OpenCV library due to its advantages in real-time image
processing. These two were then compared, and their problems were discussed. The software must meet the real-
time working conditions. This is measured by the number of frames per second (fps), which provides information
about the refresh rate. If the refresh rate is long, there is a delay between the actual event (musical note here) and
its recognition. The software was first implemented using MATLAB and then using the OpenCV library to
understand and compare the results.

2. System Design

The system uses a webcam or external camera that must be perpendicular to the hand and also uses a template
like a keyboard. The output of the camera will be displayed on the monitor. The computer analyzes the images of
the keyboard and markers by taking pictures of the colored fingers and detects the hand gestures.

This system is designed to recognize hand gestures using a camera and image processing techniques. The camera
captures images of the hand and the keyboard, and the computer analyzes these images to detect the hand gestures.
As of Figure 2, the system uses a template like a keyboard to recognize the hand gestures and display the output

on the monitor.
TP

> €

Figure 2. The Input Structure

The flowchart of the system, as shown in Figure 3, is designed as follows:

e Image Capture: The camera captures images, which are then processed in real-time. This process
typically involves receiving images from a source that automatically captures images and then stores
them frame by frame.

e Blue Color Detection: After storing the frames, the blue color must be detected. This is a crucial step
in the process, as it helps identify the hand gestures and distinguish them from other colors.

e Binary Image Conversion: The captured image is then converted into a binary image, where each
pixel can have only two values or levels. This step is essential for the image processing algorithms to
work effectively.

e  Morphological Processing: Some morphological processing techniques are applied to the binary
image. This step helps to enhance the image quality and improve the accuracy of the hand gesture
detection.
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e Center of the Image Detection: The system then calculates the center of the identified image and
draws a rectangle around it. The result is displayed to the user.

Camera Image Store the Frame Define the color
Acquisition > — to detect
k.
Calculate the Caver the frame

morphological process

[

centroid of object to binary images

Draw rectangle Display the current
by the centroid frame by rectangle
value

Figure 3. Color Recognition Flowchart

This flowchart outlines the key steps involved in the virtual keyboard system, from image capture to image
processing and finally to the display of the recognized hand gestures.

3. Virtual Piano Implementation

The process of object tracking involves estimating the path of an object on an image during movement in a
scene. In other words, a tracker assigns fixed labels to tracked objects in different frames of a video. Additionally,
depending on the scope of tracking, a tracker can also provide information about the object such as direction, area,
or shape of an object [5]. Object tracking methods include point tracking [6], kernel tracking [7], and silhouette
tracking [8]. In this study, the Kernel tracking method was used. This model is widely used due to its relative
simplicity and low computational cost.

As in Figure 4, blue color on the fingernails was used as a marker, and black and white patterns on the paper
were used as a virtual keyboard.

Figure 4. Colored-Finger Interaction with Virtual Piano

After obtaining the image, various image processing techniques can be applied to the image for performing
various visual tasks. The Blob algorithm [9] is used to detect regions such as corners and edges, and then the
desired color range is determined, which is inactive for red and green colors and active for blue colors. After
finding the blue color, the frame must be converted to binary and then scaled to grayscale, and then the
morphologic processing is performed, and finally, the center of the object is calculated. To reduce the salt and
pepper noise, a median filter is used. Finally, the color separation techniques are used. After separating the colors
and detecting the blue color, a rectangle is drawn [10].

The users place both hands under the camera. They can execute the program and play a virtual piano that
includes the notes Do, Re, Mi, Fa, Sol, La, Si, Do#, Re#, Mi#, Fa#, Sol#, La#. Depending on the hand gesture, the
corresponding note will be created, and it will remain until another correct movement occurs. This way, the user
can control the note length, allowing them to produce notes in a fascinating way to create music similar to a real
piano. Figure 5, for example, shows the hand gestures representing the notes Do and Re.
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Figure 5. Hand Gestures for Piano Notes Do and Re

4. Experimental Results

To test the system's performance, 6 random users were defined, and each note was played by each user 40
times, resulting in a total of 480 records. Table 1 compares the results of these experiments for 40 repetitions and
for different users using MATLAB and OpenCV.

Table 1. Time needed for Recognizing 40 Notes (in Seconds)

User # 1 2 3 4 5 6 Time (s)
MATLAB 53.52 51.2 55.52 56.96 57.6 58.72 55.6
OpenCV 48.4 44.8 50.8 46.1 42.3 52.6 47.5

According to the values in the Table 1, it takes approximately 1.39 seconds on average in the MATLAB
environment and 1.19 seconds in the OpenCV environment to detect each note. Table 2 shows the accuracy of
playing notes in MATLAB and OpenCV environments.

Table 2. Accuracy and Errors

Environment False Detection Rate Missed Stroke Rate Incorrect Detection Rate Accuracy
MATLAB 1.29% 3% 9.37% 86.45%
OpenCV 1.37% 1.33% 4.62% 92.7%

False detection occurs when a key is not pressed but a character is output. The missing stroke occurs when a
key is pressed but no character is output. Incorrect detection is equivalent to announcing the wrong character
instead of another character. It is observed that implementation in the OpenCV environment leads to fewer errors
and better accuracy

5. Conclusion

A virtual piano was implemented using MATLAB and OpenCV. Generally, OpenCV is the most
comprehensive open-source library for machine vision and has a large user community. Also, it has more functions
for machine vision than MATLAB, and many of its functions are implemented on GPU. Additionally, OpenCV
C++ code runs faster than MATLAB code. The results show the performance in two ways. The accuracy of the
implementation using MATLAB is 86.4%, while using OpenCYV results in an accuracy of 92.7%. In terms of speed,
both implementations were performed on a personal computer. Detection of each hand gesture in the MATLAB
environment needs approximately 1.39 seconds, and in the OpenCV environment, this was about 1.19 seconds. If
implemented with embedded hardware such as ARM microcontrollers and FPGA ICs and also using parallel
processing techniques and concurrency, it is possible to achieve detection times in fractions of a second, providing
a better experience for the musician and music listener.
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