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Figure 11. Orientation of the MPU6050 axes and orientations (Iven Sense, 2013).

Programming Arduino to Talk to MPU6050

Two software were involved in this phase of the project. The first software is the Arduino
IDE, which is similar to the JAVA programming environment. It makes it easy to write code and
upload the code to Arduino. The other software is called SerialChart, which is an open source
free program by Starlino. This software allows one to plot the real time data of a serial port like
Arduino. There are tens of programs on the Arduino webpage library that are written to let
Arduino talk to and control the MPU6050 (playground.arduino.cc//Main/MPU-6050). The
program in the Appendix is adopted from the same source and has been modified to fit the need
of this project. This program enables the MEMS sensor to communicate with the Arduino unit. It
reads the fast calculated accurate position data from each axis. After that, it sends those raw data
to the serial output for further manipulations. The SerialChart program plots those raw data in

signal forms representing any changes in orientation and acceleration of the hand.
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CHAPTER V
RESULTS AND DISCUSSION
The final aspects of this thesis present the results of the methods and procedures
discussed above, along with conclusions and recommendations.
Results of the Arduino and MPU6050 Programming
This program basically reads the values of the three accelerometer and three gyros
involved in the design of this project, and prints these values in comma-separated values format,

as shown in Figure 12.
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Figure 12. Screen shot of the real time value of the accelerometers and gyros.

The first three columns represent accelerometer values, and the last three columns
represent gyro values. The window of the values in Figure 12 is called the serial monitor of the
Arduino program. These values will continue running forever, as long as the Arduino and the
MPU6050 are interfaced and connected to the computer. Notice that these values are not totally
stable, there is a little fluctuation in the values. This is due to the environment surrounding the

MPU60505 sensor. The sensor, as described earlier, is sensitive and can be affected by noise,
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signals, or temperature. The change in values in any of the axes increases as the sensor moves
back and forth in that axis.

The next step in the project involved reading the raw data of accelerometers and gyros
values and plotting them. It was necessary to ensure the baud rate in both software were
matching. In this case, the baud rate is 57,600. There are configuration files in the SerialChart
program that need to be setup. This includes selecting the colors for each axis. Here, the blue
color represents the X-axis, green represents the Y-axis, and red represents the Z-axis. As shown
in Figure 13, when the MPU6050 is set on a flat surface, there should be a nearly smooth line in
all axes, which indicates there is no vibration in any axes. Figure 13 shows what the plot looks
like after running SerialChart.
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Figure 13. All three axes plot almost smooth.

Fingers are easier to place vibration motors on top of them. Thus, the test was focused on
the middle finger and thumb. The MPU6050 sensor was attached to the bottom of the middle
finger and the thumb. Due to the similarity of the results of the middle finger and the thumb
output signal, the middle finger case study was chosen.

When the 5V vibration motor ran to simulate the hand vibration, the plot of the data

looked like Figure 14. In this step, no vibration motors were attached to the fingers yet.
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Figure 14. Plot display of three axes after running tremor simulation motor.

From Figure 14, it is clear that the tremor on hand is more obvious on the X-axis, and Y-
axis while it is less in the Z-axis (Yaw). For any pair of six degree of freedom MEMS, x-
accelerometer and y-gyroscope will always depict the maximum tremor motion. This analysis
has been conducted and proven by Fred, Filipe, and Gamboa (2011) and Teskey (2011).

In the next experiment five vibration motors were attached to the fingers in a random
manner. The generated plot is displayed in Figure 15. Notice there was no improvement in the

hand tremor suppression.

Amplitude

v

Frequency

Figure 15. Plot display after attaching vibration motors to the finger randomly.
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Another experiment was conducted by attaching two vibration motors on the left side of
the finger and the other two on the right side of the finger. The result is shown in Figure 16.
Investigating the highest amplitude value of the suppression signal on the y-axis in comparison
to input signal (original vibration), we notice a reduction in amplitude that is close to 40%. This

amount of reduction is the best result that was obtained in this experiment.
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Figure 16. Plot display using two motors on each side of the finger.

When this figure is compared to Figure 13, we can see the improvement in the reduction
of frequency on the X-axis (blue) and the vibration on Y-axis (green). Next, two motors were
attached on the top of the finger, and the other two were attached with a 45 degree angle to the
bottom of the finger. This configuration led to the signals shown in Figure 17. Notice this result

is very similar to the result of Figure 15, with the exception of a little suppression achieved in the

X-axis.
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Figure 17. Plot display using four vibration motors, two on the top and two with a 45 degree
angle on the bottom of the finger.

Finally, five vibration motors were arranged on the left side of the finger. The resulting
signal is shown in Figure 18. As shown in the Figur, there was no improvement in the

suppression of the tremor using this configuration.
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Figure 18. Plot display after attaching five motors to the left side of the finger.
Project Cost of the System
The proposed device is cheap, with the costs specified as follows: glove: $5, Arduino
unit: $9, MEMS sensor: $4, power supply unit: $2.5, vibration motors: $0.5 x 5 units = $2.5,
3VDC motor: $2, 9V battery: $3, wires, glue, sponge, and Velcro $10, total = $38.
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Conclusion

In this thesis, we proposed a hand tremor suppression system. The system is designed to
be built-in a glove so that it can be used for several tasks instead of one limited task such as in
hand tremor spoons or pens. This device is a low-cost, about $40, and can be afforded by many
hand tremor patients. Furthermore, it is portable, light, and can be used anywhere and at any
time. It is composed of light electronic components instead of heavy mechanical components
consistent with other tremor suppression products. The arrangement of vibration motors on the
fingers played an important role in the amount of the tremor suppression. The best suppression
was achieved by placing two motors on both sides of the middle finger. With this arrangement,
the shafts of the motors were in the X direction and the vibrations were created in the Y direction
which allowed the sensors to perform at the best sensors’ technical specifications. Finally, with
further improvements, this system can lead to a prototype that is capable of helping tremor
patients perform normal daily life activities.

Recommendations For Future Research

This prototype can be further modified to become smaller and more accurate with better
tremor supersession. TheArduino-Uno3 module is based on the ATMEGA microcontroller (3 X
0.8 cm), which is relatively large compared to other versions available from the same
manufacturer such as the Arduino-Mini. It is not only smaller (0.8 x 0.8 cm), but also cheaper
(less than $2). Also, instead of using a separate accelerometer/gyro sensor, it would be a better
idea to integrate the MPU6050 sensor with the Arduino-Mini in one single board. Another
suggestion for improvements can be to explore replacing the motors by MEMS magnetic
actuators. The capability to integrate all of these devices in a small board should result in a very

small and a good hand tremor suppression system.
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Appendix A

Arduino MEMS Interfacing Code
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Arduino MEMS Interfacing Code

#include<Wire.h>
const int MPU_addr=0x68; // 12C address of the MPU-6050
intl6 t AcX,AcY,AcZ,Tmp,GyX,GyY,GyZ;
void setup(){
Wire.begin();
Wire.beginTransmission(MPU _addr);
Wire.write(0x6B); / PWR_MGMT 1 register
Wire.write(0);  // set to zero (wakes up the MPU-6050)
Wire.endTransmission(true);
Serial.begin(57600);

void loop(){
Wire.beginTransmission(MPU_addr);
Wire.write(0x3B); // starting with register 0x3B (ACCEL_XOUT_H)
Wire.endTransmission(false);
Wire.requestFrom(MPU _addr,14,true); // request a total of 14 registers
AcX=Wire.read()<<8|Wire.read(); // 0x3B (ACCEL XOUT H) & 0x3C
(ACCEL_XOUT L)
AcY=Wire.read()<<8|Wire.read(); // 0x3D (ACCEL_YOUT_H) & 0x3E
(ACCEL_YOUT L)
AcZ=Wire.read()<<8|Wire.read(); // 0x3F (ACCEL_ZOUT H) & 0x40
(ACCEL_ZOUT _L)
GyX=Wire.read()<<8|Wire.read(); // 0x43 (GYRO_XOUT H) & 0x44
(GYRO_XOUT_L)
GyY=Wire.read()<<8|Wire.read(); // 0x45 (GYRO_YOUT H) & 0x46
(GYRO_YOUT_L)
GyZ=Wire.read()<<8|Wire.read(); // 0x47 (GYRO ZOUT H) & 0x48
(GYRO_ZOUT_L)
//Serial.print("AcX =");
Serial.print(AcX);
Serial.print(", ");
//Serial.print(" | AcY =");
Serial.print(AcY);
Serial.print(", ");
//Serial.print(" | AcZ =");
Serial.print(AcZ);
Serial.print(", ");
//Serial.print(" | GyX =");
Serial.print(GyX);
Serial.print(", ");
//Serial.print(" | GyY =");
Serial.print(GyY);
Serial.print(", ");
Serial.print(GyZ);
Serial.println("");
delay(333);
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