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Abstract
In the use of Virtual Reality-based video games, users need additional devices
to interact, one of which is a Motion Tracking Glove. The Motion Tracking Glove
is one of the enhancements that users can use to interact with objects in VR
video games. To get the angle value, an accelerometer sensor is used in the
MPU6050 module. However, the problem that arises is the accuracy of the
sensor because VR demands a low error rate. The purpose of this study is to
improve the accuracy of the angular value of the accelerometer sensor value
with a complementary filter. Complementary filters can increase the accuracy
of the accelerometer sensor by combining its value with the gyroscope sensor
value. The Motion Tracking Glove is built using the Arduino Nano and the
MPU6050 module to capture angles that move according to hand movements,
to connect and exchange data to the main VR device, the Motion Tracking
Glove using the Bluetooth module. The results are RMSE 0.6 and MAPE 2.5%
with a static Motion Tracking Glove position without movement. In sending
Motion Tracking Glove data using the Bluetooth module, the resulting delay
time when sending ranges from 0.1 second to 0.4 seconds by trying to move
the Motion Tracking Glove from 0 degrees to 90 degrees and back to 0
degrees.

1. Introduction
In the last few years, virtual reality (VR) technology has developed very rapidly, one of the developers, Oculus,
who made a VR headset that was booming in the market in 2012, the advantage is the full immersion effect of 640 x
800 pixels. The Oculus product sparked another development in VR technology and became a new technological
revolution with many companies involved [1]. VR technology uses a device shaped like glasses to immerse the user in
a virtual reality environment that is created, to interact with the environment, users need a tool such as a gamepad,
joystick or remote controller, motion tracking glove [2][3][4].
One of the VR device products from Oculus is Oculus Go, Oculus go consists of Android-based software and
hardware shaped like glasses to display a virtual environment and a remote control. The remote control on the Oculus
Go features 3 degrees of freedom (DOF) which can determine the value of rotation that occurs in the inertial value
reading controller [5][6]. The way to use it is by holding it. To move the cursor, the controller only needs to be moved in
a circle, where the hand movements will be converted into digital data. The data will become input for the VR system
to control VR games [7].
One example of the use of VR technology is to play games [8][9][10]. Many types of controllers can be used to
run VR games according to user requirements. According to research, the motion tracking glove device to move the
cursor while playing games on VR devices supports more immersive feelings than using a device such as a gamepad,
joystick, or remote controller [11]. Research on the motion tracking glove was carried out by Seokwon Lee et al. In their
research they made a motion tracking glove with the MPU6050 sensor to capture hand movements as input from a VR
game controller [12]. Meanwhile, another motion tracking glove study was also carried out by Paul Waber et al. This
study used the MPU9150 sensor to obtain hand rotation movements and added a flex sensor to obtain the bending
value that occurs in the finger. This sensor is used to input the robot's finger. The communication used to send the input
value to the robot is Bluetooth using the HC-05 module [13].
In the development of the motion tracking glove, the measurement of the rotation value uses the IMU device.
This device can capture the angular velocity experienced by the glove. The IMU device consists of a 3-axis
accelerometer and a 3-axis gyroscope [14][15]. For the microcontroller used, the Arduino Nano can be used as was
done by Ricardo Alexander et al. In his research, Ricardo Alexander used Arduino Nano to make a motion tracking
glove that can read the angular velocity value from the IMU sensor and convert it to a rotation value and send the
rotation value to a VR device using Bluetooth communication [16][17].
The rotation readings made by the IMU device are often inaccurate, so that the objects formed in VR are different
from the actual hand position, this is due to the noise that occurs when the IMU sensor reads the angular velocity. To
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eliminate the noise that appears, a complementary filter method is used that uses the angular velocity reading from the
gyroscope and accelerometer [18][19]. For Vu Trieu Minh's research, the rotation angle was obtained from the results
of the accelerometer measurement and then added the complementary filter method combined with the gyroscope
measurement results to produce a more accurate angle reading.
From the background and benefits of previous research, a motion tracking glove device that can move VR objects
in the Oculus go device is proposed. The Glove motion tracking device uses the Arduino Nano as a microcontroller and
can be connected to the Oculus go device by Bluetooth communication using the HC-05 module. For rotation readings
in the motion tracking glove, use the GY-521 sensor which reads the accelerometer angle and converts it to rotation by
combining the gyroscope value in the complementary filter calculation so that the rotation value is more accurate. Table
1 shows a complete comparison of related works with the proposed method in this research.

Ref
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Table 1. Virtual Reality Research Comparison
Gloves
Bluetooth
Arduino
MPU6050
IMU
Controller
Module
Nano
Yes
No
No
Yes
No
Yes
No
No
Yes
No
Yes
Yes
No
Yes
No
Yes
No
Yes
Yes
No
No
No
No
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No
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No
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Yes
Yes
No
No
Yes
Yes
No
No
No
Yes
No
Yes

Yes

Yes

Yes

Yes

Complementary
Filter
No
No
No
No
No
No
No
Yes
Yes

2. Research Method
2.1 The Motion Tracking Glove Design
In the development of a motion tracking glove, a device that can measure the inertia of hand movements is
needed, so gloves only use Inertial measurement units (IMUs) in development. The selected device is the IMU
MPU6050. The MPU6050 device has an accelerometer sensor and a gyroscope to get the raw value for calculating the
rotation of the hand [20][21].
The microcontroller used in the development of the motion tracking glove in this study is the Arduino Nano. The
Arduino Nano is a development board that has a small ATmega328P chip, about 18 mm x 45 mm. The input voltage
used by the Arduino Nano to work is around 5-7 Volts. The small size of the Arduino nano makes it have only 14 input
pins and output pins. In this study SDA and SDL pins (on pins A4 and A5 respectively) were required to obtain values
from the sensor [22].
To connect the motion tracking Glove with Oculus go using Bluetooth, the module used is the HC-05. All devices
will be assembled like Figure 1 and attached to the glove as shown in Figure 2. The motion tracking device is attached
to the center of the hand for rotation.

Figure 1. The Motion Tracking Glove Wiring System
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Figure 2. The Motion Tracking Glove Design
The system architecture designed in this study can be seen in Figure 3. Hand movement makes the MPU6050 a
value that can be used to produce a rotation value that has been integrated with the formula used, the calculation is
carried out on the Arduino Nano. After getting the rotation value, the data is sent to Oculus using Bluetooth
communication. The result is the movement of the object in VR.

Figure 3. System Architecture
2.2 Data
In the MPU6050 module, there is a gyroscope and accelerometer sensor that can produce a value and from that
value 3 parameters can be concluded, namely Yaw, Pitch, and Roll. These three parameters are often used for aircraft
navigation. To get data in the form of a rotation from the MPU6050 device with an accelerometer sensor that produces
a force in each vector, the formula used are Equation 1, Equation 2, and Equation 3.
𝐴𝑥
)
𝐴𝑧
𝐴𝑦
𝛽 = 𝑎𝑟𝑐𝑡𝑎𝑛 ( )
𝐴𝑧
𝐴𝑦
𝛾 = 𝑎𝑟𝑐𝑡𝑎𝑛 ( )
𝐴𝑥
𝛼 = 𝑎𝑟𝑐𝑡𝑎𝑛 (

(1)
(2)
(3)

where Ax is the force that occurs in vector x, Ay is the force that occurs in vector y, and Az is the force that occurs
in vector z.
Rotation can also be obtained from the value of the gyroscope sensor which produces angular velocity. The
Equation 4 used is to integrate the initial node and add the output value of the gyroscope sensor multiplied by the time
unit.
𝛼(𝑡) = 𝛼(𝑡 − 1) + 𝑟𝑎𝑤𝑑𝑎𝑡𝑎 ∗ 𝑑𝑡

(4)

where 𝛼(𝑡) is the rotation obtained, 𝛼 (𝑡 − 1) is the previous rotation of the unit of time, raw data is the value that
comes out of the calculation of the gyroscope sensor, and dt is the time difference from the present and previous data
collection.
The addition of a complementary filter is to get a more accurate rotation value. A complementary filter is a
combination of 2 data values. In this study, the 2 data are the rotation value of the accelerometer sensor and the rotation
of the gyroscope sensor. The following Equation 5 is used to get a more accurate value by using a complementary filter
of 2 data values:
𝜃𝑓𝑖𝑙𝑡𝑒𝑟𝑒𝑑 = 𝐹𝐾 ∗ 𝜃𝑎𝑐𝑐𝑒𝑙 (𝑡) + (𝐹𝐾 − 1) ∗ 𝜃𝑔𝑦𝑟𝑜 (𝑡 − 1)

(5)
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where 𝜃𝑎𝑐𝑐𝑒𝑙 is the rotation value from the calculation of the raw value of the accelerometer sensor, 𝜃𝑔𝑦𝑟𝑜 is the
rotation value of the gyroscope sensor raw value calculation, and 𝜃𝑓𝑖𝑙𝑡𝑒𝑟𝑒𝑑 is the result of a complementary filter formula.
FK is a coefficient that can be adjusted from a value of 0 - 1.
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3. Results and Discussion
In this study, the rotation accuracy and speed of data transmission by Bluetooth communication were tested. In
testing the accuracy of rotation, a comparison of the value of Root Mean Square Error (RMSE), Mean Absolute
Percentage Error (MAPE), and Signal to Noise Ratio (SNR) of performance in producing rotation values from
accelerometer sensor data and rotation values from accelerometer sensor data combined with complementary filters.
Testing is done by placing the motion tracking glove in a flat area without any movement. In measuring the speed of
data transmission using Bluetooth communication, the motion tracking glove is moved from 0 degrees to +90 degrees
then the time interval from the change in angle in the motion tracking glove to the change in angle in the VR object is
observed.
The values compared are obtained from the RMSE, MAPE, and SNR. The calculations for RMSE and MAPE are
as the following Equation 6 and Equation 7.
𝑛

∑ (𝐴𝑡 − 𝐹𝑡)2
𝑅𝑀𝑆𝐸 = √ 𝑡=0
𝑛

𝑀𝐴𝑃𝐸 =

∑𝑛𝑡=0 | (

𝐴𝑡 − 𝐹𝑡
𝐴𝑡 ) 100|
𝑛

(6)

(7)

Where 𝐴𝑡 is the rotation value of the calculation of the raw value of the gyroscope sensor, 𝐹𝑡 is the actual rotation
value (accelerometer sensor or accelerometer sensor with complementary filters), and n is the amount of data. The
smaller or closer to the value of 0 the results of the calculation of an algorithm, the better the results of the algorithm
[23][24]. The calculations for SNR are as the following Equation 8.
𝑆𝑁𝑅 =

𝜇
𝜎

(8)

Where 𝜇 is the mean or average value and 𝜎 is the standard deviation value of the sensor and filter values. The
larger the value of SNR, the better the results of the algorithm [23][24].
In this study, the VR object that will be observed is a 3D model in the shape of a human arm as shown in Figure
4. The arm model will also move according to the direction of changing the angle of the moving motion tracking glove.
The arm model will move in real time by Bluetooth communication.

Figure 4. Unity 3D Arm Design
3.1 Complementary filter performance test results
The test is carried out by capturing the rotation value when the motion tracking glove is placed on a flat place
with no movement and the motion tracking glove is moved slowly and quickly. The axis captured for this study is the xaxis. The purpose of this test is to determine the best method for obtaining the rotation value derived from the
accelerometer sensor.
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Figure 5. Angel by Gyroscope (blue) vs Angel by Accelerometer (Red) vs Angel by Accelerometer Filtered (Green)
Data in a Static Position
Figure 5 shows the results of the experiment from the rotation data of the gyroscope sensor, accelerometer
sensor, and accelerometer sensor with complementary filters. There were 356 data collected during the 11 second
experiment. The figure shows that the rotation value of the accelerometer sensor (red) has a high variation. After adding
a complementary filter (green), the rotation value has a lower variation compared to the rotation data from the
accelerometer sensor (red). The RMSE value obtained from this experiment is 0.63 for data from the accelerometer
sensor and 0.60 for data from the accelerometer sensor with a complementary filter. This value betters the RMSE value
of the research of Malik Kamal Mazhar, which is 0.7 [18]. Meanwhile, the MAPE value obtained is 3.9% for data from
the accelerometer sensor and 2.5% for data from the accelerometer sensor with a complementary filter.

Position
static position

Table 2. Accuracy Test Result
Sensor
Accelerometer sensor
Accelerometer sensor + complementary filter

RMSE
0.63
0.60

MAPE (%)
3.9
2.5

SNR
6.35
4.18

The results of the experiments conducted show that the rotation value of the accelerometer sensor calculation
combined with a complementary filter has better performance. The comparison is shown in Table 2. In the RMSE
column the complementary filter has a lower value which indicates better performance. Although, by the margin it does
not show a significant improvement. That is because RMSE does not put standard deviation into consideration of the
equation. That is why SNR is also calculated. As seen in Equation 8, the lower the standard deviation, the better the
performance of the signal. The value in the SNR column shows more significant difference between accelerometer
sensor and accelerometer sensor with complimentary filter.

Figure 6. Boxplot of the Static Glove
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Figure 7. Boxplot of the SNR Static Glove
To show that the filter provides significant improvement, a box plot is created. The box plot is as seen in Figure
6. Filter is the RMSE measurement of the complimentary filter and Accel is the RMSE measurement of the
accelerometer sensor. The size comparison shows that the filter, besides having a lower RMSE, also provides smaller
standard deviation, which indicates good filter performance. Similar performance are shown in the boxplot of SNR seen
in Figure 7.
3.2 Delivery speed test results
Testing in this scenario is done by calculating the delay between the time the motion tracking glove sends data
to the time the VR console receives and moves the VR object. The purpose of this test is to determine the time required
to send data using Bluetooth for 2 movements from 0 degrees to 90 degrees then back to 0 degrees. Figure 8 and
Figure 9 are the results of testing to find out how long the delay is in sending data. The average delay according to the
test scheme is 0.18 seconds.

Figure 8. Rotation Timing

Figure 9. Delay Timing
© 2021 The Authors. Published by Universitas Muhammadiyah Malang
This is an open access article under the CC BY SA license. (https://creativecommons.org/licenses/by-sa/4.0/)

167
Kinetik: Game Technology, Information System, Computer Network, Computing, Electronics, and Control
As shown in Figure 9, the delay is higher at 45 degrees due to changes in hand movements that are less stable
towards the time measured when the data was taken.
4. Conclusion
This study succeeded in designing and implementing a motion tracking glove in VR games by utilizing the Arduino
Nano, Bluetooth module, and the MPU6050 module which has a gyroscope sensor and an accelerometer sensor. After
being tested, the performance of the angle measurement with complementary filter improves the performance of the
accelerometer sensor reading. The RMSE and SNR value obtained when the motion tracking glove is static is 0.60 and
4.18 dB respectively for the accelerometer sensor with a complementary filter. That value is better than 0.63 and 6.35
dB respectively for the accelerometer sensor without filter. In addition, the average delay value for the system is 0.18
seconds. For future work, this system can be developed into a better prototype and can be commercialized through the
industry.
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