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After analysis, it can be concluded that the two sensors are statistically 
equivalent and can be used interchangeably for finger tracking. Both null 
hypotheses are supported because the average accuracy is approximately 
90% or more and there is a relationship between distance and accuracy. It 
is also apparent that the sensors’ ability to register notes when they are 
played is extremely less accurate than the ability to detect when a note is 
not played. This project reveals the need for improved finger tracking. One 
way to do so would be to improve the program and data filtration. An 
additional way would be to use an Intel RealSense D415 depth camera 
which is made for more precise tracking (Tadic et al., 2019).
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In order to test finger tracking accuracy, the code was written so the 
sensors would track fingers, determine when a piano key was played, 
determine the note associated with that key and send code to the 
synthesizer to produce the note’s pitch. The LeddarTech sensor evaluation 
kit and the Intel RealSense D435 depth camera were programmed in C++. 
The LeddarTech sensor evaluation kit gives distance data so the program 
began with converting this data into coordinates for the position in 
relation to the sensor. Then the program converted these coordinates, 
through matrix multiplication, to coordinates in relation to the keyboard, 
determined when a finger hit a key, identified the note and sent MIDI 
outputs to a synthesizer to play the correlating pitch (Figure 1). The Intel 
RealSense D435 depth camera displays depth and location data in a point–
cloud form so the data was already in a 
coordinate format so the program began by 
converting those coordinates to points in the 
piano keyboard’s coordinate grid and then 
continued through the same process as the 
LeddarTech. After these sensors were 
programmed, the testing began. A paper 
version of  a four-octave piano keyboard was 
placed on a flat, open table and the sensor 
positions were prepped. These four positions 
the sensors were tested in are: on the table in 
front of  the keyboard (Figure 2), on the 
table to one side of  the keyboard, directly 
above the keyboard, and on an elevated stand 
in front of  the keyboard. At each position, all 
sensors were tested using four song level 
difficulties: single finger scales across the full 
length of  the keyboard, a song played with 
one finger, a slow, multi-fingered song, and a fast paced, multi-fingered 
song. Each song type was played five times per sensor per location. All 
trials were video recorded and the data was stored in an excel file. 

The purpose of  this project was to analyze the finger tracking 
capabilities of  affordable, commercially available sensors for virtual (VR) 
or augmented reality (AR) applications. Currently, finger tracking is rarely a 
reality due to motion tracking either requiring a controller to be held, 
identification markers to be worn or lacking the accuracy to track small 
movements. Motion tracking is used in a variety of  situations including 
animation, VR and AR, physical therapy and engineering but is still far 
from its full potential. For example, The Wii console required users to 
hold the WiiMote controller to track the users’ movements, so it only really 
tracked the controller’s movements, not the users. Another common 
motion tracking device was the Microsoft Kinect sensor, it tracked the 
users’ movements with a depth camera, but not accurately enough to 
register small movements (Guna et al., 2014). Motion tracking allows 
consumers to interact with real and virtual objects simultaneously and can 
improve human-computer interactions by removing the need for a 
keyboard, mouse or any other controller. For these improvements to 
occur, motion tracking sensors need to be designed to track small 
movements, such as finger movements, quickly and accurately. This project 
was designed to test the tracking accuracy of  inexpensive sensors that have 
been programmed to track finger movement to conclude if  these 
improved human-computer interactions are currently possible for the 
general public. The sensors used in this project were the Intel RealSense 
D435 depth camera and the LeddarTech sensor evaluation kit. These 
sensors were coded in C++ to track finger movement on a virtual piano. A 
previous study demonstrated the basic finger tracking process. The process 
began by identifying a finger and storing its initial location, then, scanning 
the area around the location until the finger was identified again, and lastly, 
storing the new location and repeating the steps until the program ended 
(Crowley et al., 1995). The sensors used in this capstone project used a 
similar cycle to identify the fingers, the key they are playing, continue 
scanning, and storing the new piano keys played. It was hypothesized that 
each sensor will have an average overall accuracy of  90% and that distance 
from the note to the sensor will have an impact on accuracy.
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Sensor Mean (%) Grouping
Intel 

RealSense 96.97 A

LeddarTech 89.53 A

Figure 1(above): This diagram shows the program logic for each 
sensor. In the parentheses is the data type of  each sensor.

Figure 2(above): This is the 
front testing position with the 
Intel RealSense. The paper 
keyboard is solely for the 
player’s convenience and has 
no effect on the virtual 
keyboard’s playability. 

Finger 
position to 

sensor

Position in 
real world

Position to 
keys and 

closest key

Output code
to synthesizer RealSense 

Depth Camera
(Point-cloud)

LeddarTech
(Distance) 

Results
The accuracy from all trials was determined averaged for both sensors 

(Figure 3). The results of  the one-way ANOVA test with Tukey pairwise 
comparison reveal that there was not a significant effect of  sensor type on 
the finger tracking accuracy, F = 4.24, p = 0.085. Based on the ANOVA 
test, the null hypothesis, that all sensors would have the same accuracy, was  
supported (Figure 4). The results of  the Pearson correlation indicate that 
there was a negative correlation between distance from the piano key to 
the sensor and accuracy, r = -0.496, n = 49, p = 0.000 (Figure 5).
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Distance vs. AccuracyFigure 4(below): The results of  the ANOVA test, 
as shown, revealed that based on average accuracy, 
these sensors are statistically equivalent.

Figure 3(above): The graph shows the average accuracies of  both sensors. Both were more 
accurate when identifying that notes were not played than when notes were played. 

Figure 5(above): The graph displays the 
results of  the Pearson correlation test.


