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Certain voltage,
Normal individuals,
Medical data.

The purpose of the project is to design a sensor that can analyse the pressure while writing and
simultaneously detect the direction of hand movement. The main principle involved in the designing of
the sensor is whenever the sensor will undergo a pressure while writing, electrical output will be
produced which will be converted to a certain voltage. This voltage will be directly proportional to the
pressure and will be displayed by using a PC, an accelerometer will be employed with the sensor to
measure the speed and direction of the hand movement while writing. The accelerometer is an
electromechanical device used to measure acceleration forces that might be static like the continues
force of gravity or as in the case of many mobile devices, dynamic to sense movement or vibrations.
This are actually MEMS where the displacement of a small proof mass etched into the silicon surface of
the integrated circuit is suspended by small beams. The main aim of this project is to detect movement
disorders of aged individuals at an early stage. According to current report the aged individuals from
the age group of 60 and above faces hand movement disorders. So to curb this problem at an early stage
a sensor based pad is develop which will analyse the pressure that should be possess by the age group
of 60 and above by comparing with the normal individuals of that age group with the help of medical
data.

Copyright © 2018, Xiao-Fei Gao et al. This is an open access article distributed under the Creative Commons Attribution License, which permits unrestricted use,

distribution, and reproduction in any medium, provided the original work is properly cited.

INTRODUCTION

Movement disorders are clinical syndromes with either an
excess of movement or a paucity of voluntary and involuntary
movements, unrelated to weakness or spasticity (Fahn, 2011).
Movement disorders are synonymous with basal ganglia or
extra pyramidal diseases (Bradley and Walter George, 2004).
Movement disorders are conventionally divided into two major
categories- hyperkinetic and hypokinetic. Hyperkinetic
movement disorders refer to dyskinesia, or excessive, often
repetitive, involuntary movements that intrude upon the
normal flow of motor activity. Hypokinetic movement
disorders refer to akinesia (lack of movement), hypokinesia
(reduced amplitude of movements), bradykinesia (slow
movement) and rigidity. In primary movement disorders, the
abnormal movement is the primary manifestation of the
disorder. In secondary movement disorders, the abnormal
movement is a manifestation of another systemic or
neurological disorder (Flemming, 2015). A functional
movement disorder means that there is abnormal movement or
positioning of part of the body due to the nervous system not
working properly (but not due to an underlying neurological
disease). When an arm or leg shakes uncontrollably. In
functional tremor this is often quite variable.

*Corresponding author: Ritam Mallick,

Department of Electronics and Instrumentation Engineering College,
SRM Institute of Science and Technology, Potheri, Chennai, Tamil
Nadu

It may even disappear when you are distracted but at other
times be very disabling. Some people experience jerky types
of movements. This may be particularly in response to loud
noises, certain kinds of lighting or bursts of pain.Some people
find that their hands or feet develop abnormal postures which
are hard to overcome. This may be a temporary intermittent
problem (a spasm) or may be more chronic (this is usually
called fixed / functional dystonia or contracture). Patients with
functional dystonia often have a ‘clenched hand’ or a twisted
foot (Singer et al., 2015). The diagnosis of a functional
movement disorder is usually made by a neurologist. It can be
a particularly difficult diagnosis to make because it requires
expert knowledge of the full range of movement disorders due
to neurological disease, many of which are unusual or even
bizarre. It is therefore difficult to summarise all of the clinical
features of functional movement disorders. They often occur in
relation to injury and the onset can be sudden (Poewe et al.,
2014).

Literature survey

A tremoris an involuntary, somewhat rhythmic, muscle
contraction and relaxation involving oscillations or twitching
movements of one or more body parts. It is the most common
of all involuntary movements and can affect the hands, arms,
eyes, face, head, vocal folds, trunk, and legs. Most tremors
occur in the hands. In some people, a tremor is a symptom of
another neurological disorder. A very common tremor is the
teeth chattering, usually induced by cold temperatures or by
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fear. Tremor can be a symptom associated with disorders in
those parts of the brain that control muscles throughout the
body or in particular areas, such as the hands. Neurological
disorders or conditions that can produce tremor include
multiple sclerosis, stroke, traumatic brain injury, chronic
kidney disease and a number of neurodegenerative diseases
that damage or destroy parts of the brainstem or the
cerebellum, Parkinson's disease being the one most often
associated with tremor. Tremors can also be seen in infants
with phenylketonuria (PKU), overactive thyroid or liver
failure. Tremors can be an indication of hypoglycemia, along
with palpitations, sweating and anxiety. Tremor can also be
caused from lack of sleep, lack of vitamins, or increased stress
(Jim  Folk, 2017). Deficiencies of  magnesium
and thiamine have also been known to cause tremor or
shaking, which resolves when the deficiency is corrected.
See magnesium in biology. Some forms of tremor are inherited
and run in families, while others have no known cause.
Tremors can also be caused by some spider bites, e.g.
the redback spider of Australia. Characteristics may include a
rhythmic shaking in the hands, arms, head, legs, or trunk;
shaky voice; and problems holding things such as a fork or
pen. Some tremors may be triggered by or become exacerbated
during times of stress or strong emotion, when the individual is
physically exhausted, or during certain postures or movements.
Tremor may occur at any age but is most common in middle-
age and older persons. It may be occasional, temporary, or
occur intermittently. Tremor affects men and women equally.

MATERIALS AND METHODS

The Raspberry Pi we used here is a series of small single-
board computers developed in the United Kingdom by
the Foundation to promote the teaching of basic computer
science in schools and in developing countries. The original
model became far more popular than anticipated, selling
outside its target market for uses such as robotics. It does not
include peripherals (such as keyboards, mice and cases).

Figure a. The sensor pad setup

However, some accessories have been included in several
official and wunofficial bundles. Several generations of
Raspberry Pis have been released. All models feature
a Broadcom system on a chip (SoC) with an integrated ARM
compatible central processing unit (CPU) and on-chip graphics
processing unit (GPU). Processor speed ranges from 700 MHz
to 1.2 GHz for the Pi3; on-board memory ranges from
256 MB to 1 GB RAM. Secure Digital (SD) cards are used to
store the operating system and program memory in either
SDHC or Micro SDHC sizes. The MPU 6050 we are using
here is a 3-axis MEMS gyroscope, a 3-axis MEMS
accelerometer. It is very useful for some motion detecting.
This small module integrate the logic level converter circuit
(makes it compatible with 3.3V-5V voltage level) together
with the MPU6050 sensor, you can integrate it to your project
conveniently. The Raspberry Pi is interfaced with a Touch Pad
which consist of a touch sensor and a MPU6050 which is a 3-
axis MEMS gyroscope and accelerometer. Both reads data of

the input signal and store as an image file in the memory card
AL A D nrnalh nveaae - T

(o | arve [@ v [BEER] arvr | ame | o VI 5 0 [ e
o *Python 3.5.3 Shell*
Eile Edit Shell Debug Options Window Help
[Python 3.5.3 (default, Jan 19 2017, 14:11:04)
- [6CC 6.3.8 20170124] on linux
Type "copyright", "credits" or "license(}" for more information.
>>>
RESTART: /home/pi/mp.py
Reading Data of Gyroscope and Accelerometer
Gx=-0.17 °/s Gy=-0.13 °/s 6z=0.02 °/s Ax=-0.86 g Ay=-8.03 g Az=0.31 g
Gx=-0.66 °/s Gy=0.60 “/s 6z=0.15 °/s Ax=-0.83 g Ay=-8.02 g Az=0.33 g
Gx=-8.31 °/s Gy=-8.28 °/s 6z=-0.11 °/s Ax=-0.83 g Ay=-08.83 g Az=0.30 g
Gx=0.66 /s Gy=-0.71 °/s 6z=-8.23 °/s Ax=-0.84 g Ay=-8.03 g Az=0.33 g
| Gx=-08.20 °/s Gy=-8.47 °/s 6z=-0.24 °/s Ax=-0.84 g Ay=-8.04 g Az=0.30 g
GYRO_CONFIG = 0x1B Gx=8.07 °/s Gy=-8.36 °/s 6z=-0.19 °/s Ax=-08.83 g Ay=-8.83 g Az=0.31 g
INT_ENABLE = 0x38 Gx=-0.46 °/s Gy=-0.85 °/s 6z=-0.14 °/s Ax=-0.85 g Ay=-8.02 g Az=0.30 g
ACCEL_XOUT_H = 0x3B 6x=-0.67 °/s Gy=0.00 °/s 6z=-0.28 °/s Ax=-0.85 g Ay=-8.83 g Az=0.29 g
ACCEL_YOUT H = 0x3D Gx=-1.27 °/s Gy=-1.88 °/s 6z=-3.36 °/s Ax=-0.87 g Ay=-8.02 g Az=0.22 g
ACCEL_ZOUT_H = 0x3F Gx=0.24 °/s Gy=-0.38 “/s 6z=0.08 °/s Ax=-0.86 g Ay=-0.02 g Az=0.28 g
GYRO_XOUT_H = 0x43 Gx=-1.28 °/s Gy=-8.12 °/s 6z=-0.75 °/s Ax=-0.86 g Ay=-08.81 g Az=0.27 g
GYRD _YOUT H = Bx45 Gx=-0.36 °/s Gy=0.01 /s 6z=-0.24 °/s Ax=-0.85 g Ay=-8.03 g Az=0.28 g
GYRO_ZOUT_H = 0x47 Gx=-0.14 °/s Gy=-0.89 °/s 6z=-0.27 °/s Ax=-0.85 g Ay=-8.81 g Az=0.28 g
Gx=-1.61 °/s Gy=-0.18 °/s Gz=-0.69 °/s Ax=-0.85 g Ay=-8.02 g Az=0.29 g
6x=0.81 “/s Gy=-0.47 /s 6z=-8.13 °/s Ax=-0.85 g Ay=-8.01 g Az=0.28 g
MPU_Init(): Gx=2.96 °/s Gy=-1.72 */s 6z=-0.70 °/s Ax=-0.88 g Ay=-8.04 g Az=0.31 g
#write to sample rate register Gx=0.13 °/s Gy=-0.80 °/s 6z=-8.33 °/s Ax=-0.84 g Ay=-8.02 g Az=0.30 g
bus.write_byte_data(Device_Address, SMPLRT_[| 6x=08.21 °/s Gy=-8.73 °/s Gz=-8.18 °/s Ax=-0.84 g Ay=-0.01 g Az=0.30 g
Gx=-0.08 °/s Gy=-8.58 °/s 6z=-0.18 °/s Ax=-0.83 g Ay=-0.81 g Az=0.29 g
#Write to power management register 6x=-0.31 °/s Gy=0.02 /s 6z=-0.19 /s Ax=-08.85 g Ay=-8.00 g Az=0.29 g
bus.write_byte_data(Device_Address, PWR_MGMI G6x=08.15 °/s Gy=-8.66 °/s Gz=-0.28 °/s Ax=-0.85 g Ay=-0.01 g Az=0.28 g
Gx=-0.40 °/s Gy=-0.42 °/s Gz=-0.24 °/s Ax=-0.84 g Ay=-8.01 g Az=0.28 g
#rite to Configuration register Gx=-6.10 °/s Gy=-13.58 °/s Gz=-1.54 °/s Ax=-0.89 g Ay=-0.04 g Az=0.34 g
bus.write_byte_data(Device_Address, CONFIG, |G6x=-0.37 °/s Gy=-0.33 °/s Gz=-0.16 °/s Ax=-08.83 g Ay=-0.02 g Az=0.34 g
Gx=-0.60 °/s Gy=-0.80 °/s 6z=-8.37 °/s Ax=-0.82 g Ay=-8.03 g Az=0.30 g
#Write to Gyro configuration register Gx=-0.69 °/s Gy=-8.24 °/s 6z=-8.21 °/s Ax=-0.85 g Ay=-0.84 g Az=0.28 g
bus.write_byte_data(Device_Address, GYRO_CON Gx=-0.63 °/s Gy=-8.12 °/s Gz=-0.23 °/s Ax=-0.83 g Ay=-0.04 g Az=8.32 g

#rite to interrupt enable register
bus.write_byte data(Device_ Address, INT_ENAE

read_raw_data(addr):
#Accelero and Gyro value are 16-bit

high = bus.read_byte_data(Device_Address, ac

Figure b. The Accelerometer and Gyroscope Values
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ot xyz py - /home/pi/projects/mpu_touch/plot_xyz.py (2.7.13 - 0 x pi |E~] = 15:34
File Edit Format Run Options Window Help J _ & x
sys, serial, argparse A
numpy np & =
time sleep | il
collections £ degue = = - : -
File Edit Tabs Help
t matplotlib.pyplot plt
¢ matplotlib.animation animation
matplotlib © rcParams
rcParams[ 'text.usetex'] = False
fig = plt.figure()
ax = plt.axes(xlim=(@, 100), ylim=(-1088, 10880))
ad, = ax.plot([], [])
al, = ax.plot([1, [])
a2, = ax.plot([]., []) I
a3, = ax.plot([], [])
a4, = ax.plot([], [])
a5, = ax.plot([1, [])
a6, = ax.plot([], [])
AnalogPlot:
# constr
f __dinit_ (self, File_name, maxLen):
# open File
self.File = open(File_name, "r")
self.ax = deque([0.0]*maxLen)
self.ay = deque([0.8]*maxLen)
self.az = deqgue([0.0]*maxLen)
self.gx = deque([0.0]*maxLen)
self.gy = deque([0.0]*maxLen)
self.gz = deque([0.0]*maxLen)
self.tz = deque([0.0]*maxLen) 1479 KiB 09/03/18 15:33
self.maxLen = maxLen
f addToBuf(self, buf, val): ;
Ln:1 Col 0O
e
o [ root
+ [ run v
"2018-03-08-153242_1024x768_scrot.png’ (135.4 KiB) PNG image Free space: 9.1 GIB (Total 14.5 GiB)
Figure c. The Plot Script for the Graph
o ) T i AP | — | o~ | I/ | — 5
To 1 = o % ] IIIIII 15:34
- F@ X
Import
Character set: |Unicede (UTF-8) - =
Language: Default - English (UK) - l
R File Edit Tabs Help
From row: | =
Separator Options
Fixed width ®) Separated by
M Tab v Comma ! Semicolon [] Space Other
_| Merge delimiters Text delimiter; | ~
Other Options
| Quoted field as text [ Detect special numbers

Fields

|Standard :Standarc\ Standard :Standarcl |Standard |Standard |Standard :Starudarcl |Standard

).3  -960.5 -181.4 -14.@ 5.0 14,0 1 744 150
-1821.5 -184.1 |[-4.8 4.0 12.0 872 726 1560
-1881.5 -15b.8 P.8 -4.0 9.0 086 735 147
-1853.8 -122.1 |-6.8 -26.0 -4.0 548 731 150
-868.7 -211.4 -4.0 -47.0 -3.0 471 718 153
-857.4 -250.8 |-3.8 -24.8 2.8 484 748 153
-887.7 -154.8 |-31.0 -24.0 -3.8 623 744 153
-994.1 -62.7 -08.0 27.8 ] 636 746 153
-1083.9 -467.8 |-65.8 9.0 -36.8 541 725 148
-991.1 -526.9 -34.0 0.0 -97.8 6 746 150
-752.7 [-284.2 [-23.8 [B3.9 -96.8 621 744 150
-855.5 |-278.3 |-55.8 36.0 -57.8 572 726 150

Help oK Cancel

Free space: 9.1 GiB (Total: 14.5 GIB)

Figure d. The XYZ Axis Values of the Parameters
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mpu_6050 py - /nome/pi/projects/mpu_touch/mpu_6050py (27.13) - O X pu. ‘ E ?

File Edit Format Run Options Window Help

15:34
L

x

sys, serial, argparse
¢ smbus

math

time

# Power management registers
power_mgmt_1 = 0x6b
power_mgmt_2 = 0x6c

=7 read_byte(adr):
et bus.read_byte_data(address, adr)

© read_word(adr):
high = bus.read_byte_data(address, adr)
low = bus.read_byte_data(address, adr+1)
val = (high << 8) + low
e val

" read word 2c(adr):
val = read_word(adr)
f {(val >= Bx8800):
return -((65535 - val) + 1)

val

© dist(a,b):
; math.sgrt((a*a)+(b*b))

f get_y_rotation(x,y.z):
radians = math.atan2({x, dist{y,z))
T -math.degrees(radians)

© get_x_rotation(x,y,z):
radians = math.atan2(y, dist(x,z))
math.degrees(radians)

bus = smbus.SMBus(1) # or bus = smbus.SMBus(1) for Revision 2 boards
# This is the address value read via the iZcdetect command

address = Bx68

+ || lost+found
* [ media

™|

"mpu_6050.py" (2.9 KiB) Python script

File Edit Tabs Help

Il Golal

Free space: 9.1 GiB (Total: 14.5 GiB)

Figure e. The MPU 6050 Script

Table 1. Requirements of Sensor Based Touch Pad

Devices

Specifications

Raspberry Pi 3

MPU 6050

LCD 2.5 TFT

Active Pen

Processor Speed Range- 700 MHz to 1.2GHz
On Board Memory Range-256 Mb to 1 Gb
Storage- MicroSDHC Slot

Power-1.5 W

Processor-Broadcom BCM2835

12C Interface

Operating Voltage-3.3V-5.0V

Embedded with 3-axis Mems Gyroscope and Accelerometer
NTSC/PAL Driver board

Operating Voltage- 6-12V dc

80mA power draw at 12V, 150mA at 6V
Resolution-320RGBx240high

Input device to write on LCD Screen

The Graphic User Interface(GUI) is used to display the
pressure as well as direction and acceleration of hand
movement.

System Requirements

The requirement of Sensor Based Touch Pad for hand
movement analysis is summarised in Table 1. The requirement
of Hand Movement Analysis using sensor based touch pad are
decided by the parameters such as pressure, linear acceleration
and angler velocity. For this purpose Raspberry Pi 3 is used
which is interfaced with MPU 6050 and with 2.5 TFT Display
and is connected with an active pen, which processes the input
data and convert it into suitable value in human readable form.
When the hand is stable, the variations in the consecutive gyro
sensor outputs and accelerometer outputs are subtle i.e. very
small.

When there is a slight movement of hand the variations in the
gyro sensor outputs and accelerometer outputs are
comparatively larger than in stable condition.

Raspberry Pi 3

The Raspberry Pi we used here is a series of small single-
board computers developed in the United Kingdom by
the Raspberry Pi Foundation to promote the teaching of
basic computer science in schools and in developing countries.
The original model became far more popular than anticipated,
selling outside its target market for uses such as robotics. It
does not include peripherals (such as keyboards,
mice and cases). Secure Digital (SD) cards are used to store
the operating system and program memory in either SDHC or
MicroSDHC sizes.
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Figure 1. Raspberry Pi 3

MPU 6050-

The MPU 6050 we are using here is a 3-axis MEMS
gyroscope, a 3-axis MEMS accelerometer. It is very useful for
some motion detecting. consecutively. It is the world’s first
motion processing solution with integrated 9-axis sensor
fusion using its field proven and proprietary Motion Fusion
engine for handset and tablet applications, Game controllers
and other consumer device. It is a Digital Motion Processor
hardware accelerator engine with an auxiliary I*2C or SPI port
(SPI is available on MPU6000 only). The MPU6050 combines
acceleration and rotational motion plus heading information
into a single data stream for the application. The MPU6050
features three 16bit analog to digital convertors for digitising
the gyroscope outputs and three 16 bit ADCs for digitising the
accelerometer outputs. For precision tracking of both fast and
slow motions, the parts feature a wuser programmable
gyroscope full scale range of + - 250, +- 500, +- 1000 and +-
2000 degree per/sec (dps) and a wuser programmable
accelerometer full scale range of +- 2g,+- 4g,+- 8g and +- 16g.
The MPU6050 supports the I"C serial interface only and has a
separate VLOGIC reference pin.

Figure 2. MPU 6050
System Architecture

The main purpose of the Raspberry Pi is to process the input
signal from the MPU6050 embedded with gyro sensor and
accelerometer and active pen and convert it into suitable value.
When we write in a touch panel using the active pen, the signal
of the accelerometer and gyrosen sor is sent to the Raspberry
Pi with the help of 12C communication protocol through the
SCL and SDA port to the GPIO2 and GPIO3 port of Raspberry

Pi, with the help pf Phyton script using Phyton 3(IDLE), the
Raspberry Pi processes the signal from the accelerometer and
gyro sensor of MPU6050 into certain values.

o]

D
— 2.2nA

n

(5]

BEEEEIE
B

CLEIN - 15

GND
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.

o
) MPU-6050
&

ALX_DA ] E |
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0w
ALK_CL - J _l_
VIOGIC S N - B -
Tl 0.1uF | L |
g GHD

Figure 3. MPU 6050 Architecture

Table 2. MPU 6050 Specification

Part/Item MPU 6050
VDD 2.375V-3.46V
VLOGIC 1.71V to VDD
Serial Interfaces Supported "2C
Pin8 VLOGIC
Pin9 ADO
Pin23 SCL

Pin 24 SDA

Circuit Diagram

An on-chip 1024 byte FIFO buffer helps lower system power
consumption by allowing the system processor to read the
sensor data in bursts and then enter a low power mode as the
MPU collects more data. With all the neccesary on-chip
processing and sensor components required to support many
motion based use cases.

v VIl vl

Figure 4. Circuit Diagram
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File Edit Format Hun Options Window Help

sys, serial, argparse
numpy np

- 0 x

1000 +— e ! :
1] 20 40 L4 80

# €I PQ=R

addToBuf{self, buf, wal):

The below graph shows a deviation in the three parameters
when the hand is in stable condition i.e. no involuntary
shaking of hand occurs.

100

Lm1 CokoO

The below graph shows a deviation in the three parameters
when the hand is in unstable condition i.e. involuntary shaking
of hand occurs:



7528 Asian Journal of Science and Technology, Vol. 09, Issue, 02, pp.7522-7528, February, 2018

& by @ mpu_t..| ¢, plotx Epi@ra.. A.[*Pyth :T?_\::F-gure S

. .

1000

750 4
300 4

250 A

=500

=750 4

=1000

A €»PQ=R

self.maxlen = maxlLen

addToBuf{self, buf, wval):

Communication with all the registers of the device is
performed using either I"C at 400KHz or SPI at IMHz. For
application requiring faster communication the sensor and the
interrupt registers may be read using SPI at 20MHz(MPU6000
only).For power supply flexibility, the MPU6050 operates
from VDD power supply voltage range of 2.375 to 3.46V.
Additionally the MPU6050 provides a VLOGIC reference pin
which sets the logic levels of its [*2C interface. The VLOGIC
voltage may be 1.8V+-5% or VDD. The MPU6000 and
MPU6050 are identical, except that the MPU6050 supports the
I"2C serial interface only and has a separate VLOGIC
reference pin. The MPU6050 supports the both 1"2C and SPI
interfaces and has a single supply pin, VDD, which is both the
device’s logic reference supply and the analog supply for the
part.

Simulation Result

The below given graph is obtained when something is written
on the touch pad using active stylus it hence give three
parameters i.e. pressure, linear acceleration and angular
velocity.

The colour represenation of the graph is given as follows:

Blue- X-axis Acceleration Red- X-Axis Gyro
Green- Y-axis Acceleration  Grey- Y-Axis Gyro
Yellow- Z-axis Acceleration Purple- Z-Axis Gyro
Pink- Pressure

Lm1l CokO

Conclusion
Hence the prototype for detecting the hand movement disorder
is successfully designed and the difference between the normal

hand movement of a person and abnormal hand movement of a
person is successfully distinguished.
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