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Abstract - Most of The movement disabilities occur either
because of some kind of injury or because of some kind of
disorders in the body. Disabilities related to hand
movements are more common. These kinds of disabilities
require specific training that is to be done in order to
regain the normal movements of the specific part. The
movements of arms are monitored by measuring the 3D
angles made using IMU gyro sensors interfaced with the
microcontroller. Mapping of these values is used to
generate a specific output which varies with the varying
angular values and is used to specify the range of the
movements which are required for the training. The
magnitude of actuation varies with the varying values of
the measured angle which indicate the improvement in the
movements. The device is able to set the range of the
motion for the movement. The intensity of the buzzer
decreases with the increasing value of angle and totally
disappears as the pre-set value of the angle is achieved.
The basic principle behind the device is the decrease of
analog output of the microcontroller calibrated with the
value of gyro sensor such that the output decreases with
increase in the value of the gyro sensor. This device can be
used to monitor the improvement in the movement and
also can be used to monitor the accomplishment of the task
suggested for movement rehabilitation. As the output of
the device is very easy to interpret so can be used by any
person. The patient can monitor their movements by just
observing changes in the output.

Keywords: Movement disabilities, IMU gyro sensor,
microcontroller, analog output, pre-set, 3D angles.

I. INTRODUCTION

Movement is an important characteristic of living beings
and it is one of the important physiological processes which
play a vital role in the survival of the living organism. In the
case of human beings sometimes this movement is restricted
because of various kinds of disabilities that may occur because
of many reasons. This kind of disability creates a lot of
problems, so it becomes highly important to identify them and
treat them as soon as possible to regain normal behavior.

© 2021-2017 IRJIET All Rights Reserved

Among all kinds of movement disabilities most of them are
associated with that of limbs and as limbs play a very
important role so it becomes very important to treat them. This
kind of movement can occur because of many reasons. Some
disabilities arise because of some kind of disorder in the
physiological systems of the person. There are many kinds of
disorders that cause this type of movement disabilities. This
can be either due to genetic defects or sometime can occur
because of some kind of physiological imbalance in the later
part of the life. In most of the cases these kinds of disorders
are either neural disorders or neuromuscular disorders. This is
either because of improper or defective production of some
specific molecule or sometimes because of neuro degeneration
which leads to this kind of disorders. Sometimes these kinds
of disabilities are because of genetic defects like in case of
perry syndrome in which certain mutations in certain specific
genes cause trouble in normal functioning of the system.

So these are the some disabilities arising due to disorders
in the system but most of the movements’ disabilities arise
because of the physical reasons like injuries which either
damages or injures the internal muscles, tendons, ligaments or
sometimes bones which results in the movement disability.
These injuries may occur because of many physical reasons
like accidents or sometimes improper movements which are
sometimes beyond the capacity of the normal systems of the
body and hence results in either partial damage or sometimes
total damage. These tissues like muscles, tendons etc. are
responsible for carrying out the movements and require proper
care and treatment to recover properly and regain their
abilities. There are many kinds of surgical treatments being
used to treat these kinds of movement disabilities but apart
from this specific training is required in order to regain the
normal movements. This kind of training is given by various
physiotherapists who help the tissue to recover slowly with the
ability to move and again back to their original work.

This training also ensures the growth of the tissues in
proper shape and direction to avoid any kind of abnormal
growth. This training helps the patients to move their injured
parts slowly and continually improve their movement under
the observation of experts. This training is done step by step
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according to the progress of the patients. This training also
monitors the progress at regular intervals of the time in order
to know the recovery of the damaged tissue. This kind of
therapy sometimes becomes very tedious for both patients and
the experts so in this modern world with emerging
technologies there are many assistive wearable devices being
developed to assist the patient to regularly train their
movements and also monitor their progress. But most of these
devices are again very complex to use and also are bulky and
very costly so everyone can’t afford them. So the system that
we designed solves this as it is highly portable, efficient and
also very easy to use as it does not require specific expert
supervision in order to use it.

The main issue resolved is output in the form of sound so
that the output can be easily interpreted and understood and
the patient's progress can be monitored. The device is able to
track the hand movements and generate output accordingly
which is used to analyse the patient's progress. The device is
so easy to use and highly interactive. The device measures the
real time angular values using gyro sensors and then sets the
threshold that a patient's needs to achieve slowly , the device
maps these values and generates the analog output and this
output indicates to the patient about the movement and
whether the threshold set has been reached or not. The
threshold can be adjusted manually by the patients depending
upon the use.

Il. MATERIALS
2.1 ESP32

ESP32 is a kind of system on chip microcontroller based
development board. This board has wifi connectivity along
with the dual mode bluetooth connectivity which makes it
highly versatile for the use in the 10T based projects. This
board uses a tensilica xtensa I1x6 32 bit microprocessor with
operating frequency of 160MHz or 240MHz and is available
both in dual core as well as single core variation. This board
has built in systems like various kinds of filters, low noise
amplifiers, power management modules and much more.
Espress if systems designed this esp32 board which is
considered as successor of the esp8266 board. This board
works on the voltage range of around 2.2V to 3.6V. It takes
power from either the usb port or from the vin pin it has in its
peripherals. The esp32 board has 520 KB of SRAM and 448
KB of ROM. Also it has flash size of around 4Mb which
retains the data even if the power is off hence it plays a vital
role in the systems where the data needs to be retained. The
wifi used in this system is 802.11 b/g/n.

The device depending upon the mode of operation can
act both as station or access points or sometimes both. It has
both modes of bluetooth connectivity which can be used
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accordingly. Apart from wireless connectivity it is capable of
transmitting and receiving data using various data
transmission protocols like SPI, 12C, CAN bus 2.0, 12S and
UART. It has 4 x SPI, 2 x 12C, 2 x 12S and 3 x UART pins. It
has total 34 programmable pins with different modes. The
digital 1/O pins it has are capable of taking inputs and
generating output. It has 2 DAC with 8 bit resolution. Also it
has 18 channels of SAR ADC with 12 bit resolution. These
SAR ADC channels have special capability of converting the
analog waveform to discrete waveform using a binary search
in all possible quantization levels before the final convergence
of the results. Along with these pins there are also some pins
which are touch enabled and are capable of sensing a touch.
These pins are based upon capacitive sensing.

The esp32 board has an inbuilt Hall Effect sensor
capable of sensing the variations in the magnetic field. It has
special channels for infrared remote controllers. The
programmable pins are also able to generate the PWM output
as per the requirement. Most of the esp32 boards have inbuilt
USB to TTL converter chip which is used for the
programming of the device and is capable of exchanging the
data between the device and the host via usb cable. Some
versions of the esp32 board require external USB to TTL
converter chips for programming and data exchange.

An external reset button is present which resets the
device and along with it a boot button is also present which
enables the programming of the device. Esp32 boards can be
programmed by using various different platforms and in
different languages. Most commonly esp32 boards with
arduino cores are programmed using arduino IDE as the
arduino IDE has support for the esp32 boards which makes it
easier for the user to easily programm the board. The arduino
IDE uses a subpart of c++ to program the boards and also has
various inbuilt libraries for esp32 boards. The esp32 board is
also programmed using micropython which are a subpart of
python. Various platforms like Thonny IDE are used to
program the esp32 board using micropython.

For programming using micropython some special
firmware should be uploaded before the implementation of the
codes. Some other platforms like espressino, Mongoose OS,
Lua, Espressif mesh development framework, mruby etc are
also used for the programming of the esp32 boards. These
programming platforms use different programming languages.
So Esp32 development boards are highly versatile in nature
with wireless connectivity which is an enhancing feature for
any kind of development board because of which these boards
find greater to use in the field of internet of things and various
other developmental purposes.

www.irjiet.com 36



,h\k

- 9
’ﬁn.nn

Figure 1: ESP32

2.2 MPU6050

These sensors are used to monitor the angular velocity
and the orientation of the object in 3D space. This sensor
generates electrical signals depending upon the orientation of
the object and its acceleration and velocity. Basically
mpu6050 is a MEMS based sensor which primarily monitors
the acceleration. This is used to analyse the orientation of the
object in the 3d space using mathematical calculations. The
sensor generates electrical signals of different magnitude
which are measured by the microcontroller unit which
measures and calculates the acceleration. The sensor is
capable of measuring orientation, velocity, acceleration etc.
This sensor is a MEMS based sensor in which an oscillating
spring mass system is created on the micro scale which when
oscillates generates different output. The device works in two
different parts. First one is the measurement of the
acceleration of the object. These measurements are done on
the basis of the change in capacitance that arises due to
displacement in the micro spring mass system created in the
silicon wafer.

The spring mass system starts oscillating as soon as force
is applied because of which the small plates of the capacitors
move apart which of which the capacitance changes which is
monitored by measuring the change in the electrical output.
The second part is the working of the gyroscope. This is based
on the Coriolis Effect according to which the perpendicular
displacement because of the effect of the coriolis force is
directly related to the angular rate applied. Now in the sensor
module a MEMS system is created on the micro scale in
which 4 proof masses are connected together by a spring.
When the sensor is rotated the coriolis force starts acting on
the MEMS because of which the directions of the proof mass
changes. It again has three modes depending upon the axis on
which the angular motion is applied. These three modes are
Roll, Yaw and Pitch. Now again the different modes cause
change in capacitance which are sensed by the sensing unit.
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This sensor module works on the voltages ranging from 3V to
5V. The sensor module has 6 different pins i.e Vin, Gnd, SCL,
SDA, XCL, XDA, INT. SDA and SCL pins are serial data and
serial clock pins respectively. These p[ins are responsible for
the transmission of the day from the sensor to the
microcontroller unit via 12C protocol. Interrupt pin is used to
check whether the data has been received or not.
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Figure 2: MPUB050 |
2.3 Passive buzzer

Passive buzzer is a device which generates output in the
form of sound. This device converts electrical energy into
sound energy. Basically it contains a piezo sensitive material
which tests oscillation as soon as it receives electrical signals.
In case of passive buzzers varying AC signals are required for
the working of the buzzer. The passive buzzers change the
intensity of sound produced by them in accordance with the
magnitude of the input AC signals applied upon them. The
varying AC signals result in a difference in the oscillation
frequency of the piezo resistive material hence sound with
different intensities is produced.

Figure 3: Pas;ive buzzer
2.4 DPDT Switch

DPDT switches are used to shift the position of the
switch because of which the state change occurs. These
switches are used where two different states with different
inputs are required so as to perform a specific function.

Figure 4: DPDT Switch
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2.5 Arduino IDE

Arduino IDE is an open source platform provided by the
arduino community for the programming and debugging of
various arduino development boards and the boards with the
arduino support in them. This IDE provides a visual interface
between the microcontrollers and the user in order to program
the microcontroller as the user. The IDE has many inbuilt
boards with the support while some of the other boards
packages can be downloaded. Also the IDE provides many
custom made and inbuilt libraries for the interfacing with
different types of sensors and the actuators. The IDE allows
the user to write the code and has an inbuilt compiler for
checking the errors. The code can be implemented to the
boards through type ports. Also the IDE enables serial
communication with the device. This serial data can be
visualized either using a serial monitor or serial plotter.

1. WORKING

The working of the device is based on the measurement
done by the sensor module which is processed by the
microcontroller and the output generated is given to the
buzzer. This whole process is divided into three steps i.e
sensing, processing and output generation.

3.1 Sensing

The MPUB050 sensor module is fixed in such a position
that it is able to monitor the movements of the limbs. The data
form sensor is recorded by the esp32 board. The sensor takes
power from the esp32 board itself. As the MPUB050 sensor
module uses the 12C data transfer protocol it is interfaced with
the esp32 bhoard using 12C ports of the board and programmed
using the specified libraries. Along with this some specific
libraries are used for making the proper calculations and
converting the raw data into the readable form. The MPU6050
sensor is able to measure the acceleration and the orientation.
The sensor gives data into various formats which are
converted according to the use. For analyzing the hand
movements the gyro readings are taken into consideration. The
sensor first measures the initial position of the limbs and the
data is stored by the esp32 board for further calculations. The
sensor module continuously records the angular data and
sends it to the esp32 board. As the limbs are moved in 3D
space the sensor orientation changes which is analyzed by the
esp32 board. The sensor is able to monitor the arm
movements in all the three modes i.e roll (along X-axis),
pitch(along Y-axis), and yaw(along Z-axis). As the hand
moves its angles in the 3D space changes which play an
important role in analyzing the movements. The system also
has a DPDT switch. The state of this switch is analyzed by the
esp32 board as the state of the switch has an important role in
specifying the range of the motion. This switch is used to
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decide the type and the range that should be used for the
movement. The patient in initial training is not allowed to
move the arms normally, instead of that there are different
levels specified which should be followed by the patients. The
DPDT switch allows the patient to opt for initial and final
training as per the requirement. The DPDT switch sets the
range for the patient, if the patient is in the initial stage the
range of the movement would be less and would go on
increasing as the initial ranges are completed by the patients.
The first state sets the partial range of the movement. As the
patient recovers the state can be changed which will set the
range to its peak values.

3.2 Processing

The data read from the MPUG050 sensor module is read
and processed by the esp32 board. The sensor angular values
initially twice once initially which is constant throughout the
measurement and the second value is variable and changes
with orientation. The angle values are mapped using the map
function in arduino IDE. The map function in the IDE takes
the input range and output range and converts the variable
value into the value between the output ranges mentioned in
the map function. Expansion of map ():

long map(long x, long in_min, long in_max, long out_min,
long out_max)
{

return (x - in_min) * (out_max - out_min) / (in_max -
in_min) + out_min;

}

In the above expansion X is the variable that needs to be
mapped. The in_min and the in_max are the input ranges of
the variable i.e the value in this range should be mapped. The
out_min and out_max are the minimum and maximum values
of the range in which the variable should be mapped. Using
the map() function the angels in range -180 to 180 are
converted into values between range 0 to 255 as the PWM
output of the esp32 is in this range. This is done once in the
setup () function to get the initial value and in loop () function
to continuously map the x angel values into the specified
range. The variable generated after mapping of angle value is
further mapped to specify the range of the motion. The
mapping is done as:

Xi = initial angel;
X = angel read by the sensor;
X2 = map(X,180,180,0,255);

The state of the DPDT switch decides the maximum
range upto which the variable should be mapped into desired
range. If the stare of the DPDT is LOW then the calibrated
value which ensures the partial movement of the arms, is
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added to the initial value and if the switch is in HIGH state
the calibrated value which ensures the full movement is added
to the initial value. The initial angel value and the value set by
the DPDT are the minimum and the maximum values between
which each value should be mapped. For ex if initial reading
of the gyro sensor is 70 so if the state is low then 45 is added
into the initial value, and then the angel value between 70 and
115 will be mapped from 255 to 0; Double mapping of the
angel value is done to get the maximum PWM value i.e 255 at
the initial position and 0 at the peak position up to which the
patient should move their hand. Now the final mapping is:

Xf = Xi + 45;
X3 = map(X2,Xi,Xf,255,0);

The main aim of this kind of processing is to set the
output range according to the angel values which shows
maximum at initial angel value and minimum at the value that
the patient need to move the hand up to. This output is used by
the passive buzzer.

3.3 Output

The data received after the processing is given to the
buzzer. The passive buzzer is given the PWM data generated
after the processing step. The buzzer receives the maximum
value i.e 255 at the initial position and goes on decreasing as
the sensory approaches to the present value and becomes zero
at the preset position and the sound of the buzzer vanishes.
Also the sound intensity of the buzzer goes on decreasing as
the movement approaches to the desired value. The values are
mapped in such a way that the sound intensity of the buzzer
goes on decreasing instead of increasing the intensity because
if the intensity is maximum at the present opposition it
becomes difficult for the patient to identify the correct position
because the intensity of the sound will remain at its high even
the position has been reached but when the intensity goes on
decreasing it is very easy to identify a position at which he
sound vanished.

IV. RESULTS

The device is able to record and analyse the motion of
the limbs and is able to convert it into the desired value. The
DPDT switch is able to set the values for the mapping
purpose. The sensor continually records the angel values and
the values are mapped in order to generate the output as per
the requirement. The values are processed such that the output
is at its maximum value at the initial position and goes on
decreasing as the arm approaches the preset value that the
patient needs to achieve. As the output from the esp32
decreases the sound intensity of the passive buzzer also
decreases and vanishes completely at the final position. The
intensity of the sound is maximum at the initial position and
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zero at the final position. The device helps the patient to
identify the movement and also to track the motion w.r.t to the
set values by analysing the output in the form of the sound as
it is very to understand the varying sound intensity with the
varying values according to the preset values.

Figure 5: Result

V. CONCLUSION

The device is based on the variation of the sound
intensity with the variation in the angel values recorded by the
MPU6050 sensor module. It is comparatively easy to just
understand the changing sound intensity instead of
understanding complex mathematical data which is not
possible for everyone. This device can help the patients
recovering from the movement disabilities by helping them to
set the prior movements and angle whether the movement is
proper or not. Also the device is very simple to operate as one
needs to just set he mode on the DPDT switch as per the
requirement and moved the hand upto the position where the
sound vanishes, by this the patient can know that he reached
the position upto which he has to move his/her arms. As the
device uses the sound as the output so it is highly interactive
in nature and easily understandable. The patients can train
their movements just by themselves.
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