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Abstract
Parkinson’s disease is a neurodegenerative disorder that affects predominantly the part of the
brain (called substantia nigra) that produce dopamine. Patients with Parkinson’s may
experience symptoms such as tremors, Bradykinesia, limb rigidity as well as gait and
balance problems. There is currently no cure for Parkinson’s Disease, but treatment is
available to slow down the deterioration of the symptoms. One of these is physical
rehabilitation, however, some Parkinson’s patients are unable to carry out the exercises
correctly, hence reducing the effectiveness of these exercises. A device is therefore required
to alert Parkinson’s patients whenever they carry out the exercise wrongly, so that they can
correct it accordingly. Our device utilizes an Inertial Measurement Unit (IMU) to get
accelerometer and gyroscope data as our patient does his exercises. These data is sent
through an algorithm, where it checks for any point in the data where the specified
movement range is exceeded. If this happens, the exercise movement is deemed incorrect,
and hence the device alerts the user via a series of lights and buzzer sounds. Data from the
inertial measurement unit is also tabulated in Microsoft Excel via wired connection for
accessibility by assisting physicians. Experimental trials showed that the device was reliable,
and feasible to use.

Introduction
Parkinson’s disease is a neurodegenerative disorder that affects predominantly the part of the
brain called the substantia nigra that produces dopamine. People with Parkinson’s disease
may experience: Tremor; bradykinesia which is the slowness of movement; limb rigidity as
well as gait and balance problems.

Currently, over 10 million people worldwide suffer from Parkinson’s disease. As the world
ages and the older population continues to grow at an unprecedented rate, the amount of
people that contract Parkinson will grow. This is because the incidence of the disease, or the
rate of newly diagnosed cases, generally increases with age, although it can stabilize in
people who are older than 80.

Today, 8.5 percent of people worldwide (617 million) are aged 65 and over, and this
percentage is projected to jump to nearly 17 percent of the world's population by 2050
(Goodkind et al., 2015.). This means that the elderly population is going to increase by
nearly 300%, and in turn will cause a higher number of Parkinson’s disease patients.

There is no cure for Parkinson’s, but treatments to relieve symptoms are available. Besides
drugs, and surgery, another alternative to relieving symptoms include aerobic exercise,
which have been proven to be effective in slowing cognitive decline (Rafferty et al., 2019)

To aid patients in bringing his/her symptoms under control, as well as to slow down the
deterioration of the patient’s symptoms, doctors would usually recommend patients to a
physical therapist, which will in turn prescribe exercises for patients to carry out during
therapy sessions and at home. However, these physical therapists and doctors do not know
for sure if the patients are carrying out their exercises correctly and at the correct frequency.
The patients themselves will also be unsure whether they are executing the exercises
correctly and this will result in them providing their doctors with misguided information.
This will hamper the doctor’s efforts to try and alleviate the patients’ symptoms and the
patients will also not be able to benefit fully from the exercise.

Therefore, this project aims to develop a physical device that would be able to detect
whenever a patient does his/her exercise wrongly, and alert the patient if this is the case to
allow the patient to correct his exercises, rectifying the issues brought up earlier. This device
will also be able to transmit data over to an excel sheet for further analysis by the patient’s
doctor or physician. The device will be affordable, cost effective, unobtrusive, portable, easy
and comfortable to wear.

Our device will consist mainly of an Arduino Micro-controller, and an Inertial Measurement
Unit(IMU), as well as other peripheral devices consisting of buzzers, an led and a button.
The algorithm uploaded onto the micro-controller in the device will run an analysis of the
data collected by the IMU as the patient is doing his exercise. The data recorded are namely
the accelerometer and gyroscope data. Our algorithm will then run through the data to

analyse and detect any anomalies in the data which suggests that the patient has carried out
the exercise wrongly. The patient is then alerted through the system of lights and buzzers on
our device.

Literature review
As stated earlier, Parkinson’s is a neurodegenerative disorder that affects movement of the
body. Patients are often prescribed with physical therapy to bring their symptoms under
control. Physical rehabilitation can be clearly seen to be beneficial to Parkinson’s patients,
having observable effects on the rate at which the symptoms are progressing. Rehabilitation
research studies in individuals with PD demonstrate that Pogressive Resistance Exercise,
which is a type of physical rehabilitation, can have a positive effect on muscle size, muscle
strength, muscular endurance, and neuromuscular function. The researchers also observed a
6% increase in muscle volume, measured using volumetric magnetic resonance imaging,
after a 12-week eccentric PRE program (David et al., 2011)

However, some patients are simply unable to carry out these exercises at home with no
assistance. In a test conducted by researchers, 9.4% of patients were not able to meet the prespecified criterion of at-home therapies prescribed by trained physicians, even after training
for them. 4.9% of the patients also did not meet the criterion for carrying out the exercises at
the required frequency (Goetz at el., 2009). Another study that evaluated the feasibility of
rehabilitation programs within the context of a large randomized controlled trial of physical
therapy found out that 11% of patients were unable to reach accepted criterion levels when
carrying out the exercises. Feasibility was evaluated in terms of safety, retention, adherence,
and compliance measures. (Morris at el., 2011). It can be seen that there is still a group of
people who are not able to properly comply with instructions and training for physical
rehabilitation, albeit the group is small. These people will require assistance and guidance in
the carrying out of their exercises to ensure that they can benefit from the exercises as much
as possible. Hence our device is still relevant

There are currently no identical devices to our product in the commercial market. While
there are similar products, none of them have the exact functions as our product will have.

As part of our literature review, we reviewed other commercial products with similar
functions as our intended system that are currently in the market targeted towards
Parkinson's patients with the help of another research paper.

We reviewed 4 different products that are available in the market and usually used by people
with Parkinson's patients. They are the Stepwatch, Kinesia 360 kit, smartphone based
sensors, and motion capture systems.

The Stepwatch is a Wearable monitoring device that is able to: measure steps, detect changes
in step patterns, derive possible risks the wearer is at, provide data to monitor stroke patients
or Parkinson’s patients with gait. However, it is unable to detect heel tapping, which is the
main exercise we are focusing on. It is also unable to analyse data regarding lapses in
exercise and unable to alert the user when such lapses are detected. Hence it is unable to
fulfil the tasks of our intended product.

The Kinesia 360 is a kit that includes an android tablet pre-downloaded with the Kinesia
app, 2 wearer bands and a guide booklet. It uses a mobile application and wearable sensors
to continuously and objectively monitor Parkinson’s symptoms, and measures tremor,
dyskinesia and mobility. Sensors detect movement and transfer data to a web application
where physicians and doctors can have access to. It allows for accurate and clinically
validated assessment of Parkinson’s motor symptoms. The kit partially fulfils one of the
functions of our product - that is to transfer data to a third-party software where physicians
and doctors can have access to, in order to formulate better conclusions of their own about
the Parkinson's patient. However, it can only measure symptoms of Parkinson’s disease, and
not exercise movements which is what our product is geared towards. It is also relatively
expensive, and more expensive than our product.

For movement or exercises related to the hand, the paper discusses smartphone-based sensor
(Robin E et al., 2017). However, these sensors will have to be connected to other data
processors, while a glove has to be made for the patient to wear while also providing a
platform for the required smartphone sensors and wirings to be inserted. However, this does

not seem to be an optimal solution because the wearable apparel needs to be individually
tailored to each patient's hand, while the electronics and sensors will result in a bulky,
unrefined design.

Lastly, we review motion capture systems. These systems usually consist of multiple
equipment and sensors to capture movement and analyse the data collected. These are often
used to analyse parameters concerning gait by analysing movement of patients. However,
such systems are expensive, unportable, can only be used in laboratory conditions and are
not be able to detect lapses in exercise

Solution design
Our initial design consisted of 3 main parts, the Arduino microcontroller, an inertial
measurement unit. Besides these there are also peripheral devices, including a buzzer, an
LED, and a button.

As our design needs to be wearable, as well as allowing the wearer to have a wide degree of
motion, it needs to be small and light. A huge portion of the product will consist of the
arduino board; hence we need to find a variant of a suitable size and weight that can be worn
by a user. Inertial measurement units and wifi/bluetooth, or other electronic modules sold in
the market are often small, allowing for users to fit into small devices, therefore the
equipment in this sector will not be a big concern.

After comprehensive research and consideration, we decided to use the bluno beetle. It is the
smallest arduino board in the market, supporting standard Arduino IDE to upload codes
without any extra library and drivers. The bluno beetle is very compact and lightweight, yet
has a lot of pins to use, along with inbuilt bluetooth capabilities
Specifications:
Bluetooth Chip

CC2540

Sensitivity

(-93dBm)

Working Temperature： (-10 ℃ ~ +85 ℃ )
Maximum Distance

50m(Open field)

Microcontroller:

ATmega328P

Clock frequency:

16 MHz

Working voltage:

5V DC

Digital Pin

x4

Analog Pin

x4

PWM Output

x2

UART interface

x1

I2C interface

x1

Micro USB interface

x1

Power port

x2

Cost: ~$21SGD

When deciding the sensory equipment that we will be using for our product, we considered
three factors: It has to be small and light, cheap, as well as fulfil the required functions that
are needed for our product.

For our Inertial Measurement Unit (IMU), we narrowed our choices down to two: The
Sparkfun ADXL335, and the Sparkfun MPU9250. The ADXL335 is more expensive, and
offers a MEMS sensor. MEMS stands for Micro-Electro-Mechanical Sensors that can
measure acceleration. The ADXL335 is a specialised accelerometer module, containing 3
pins for 3 axis sensing.

The MPU9250 is a full-fledged imu, having 9 degrees of freedom, meaning that it has a
gyroscope, accelerometer and magnetometer that can sense and collect data in all 3 axes. The
MPU-9250 uses 16-bit Analog-to-Digital Converters (ADCs) for digitizing all nine axes,
making it a very stable 9 Degrees of Freedom board. Output from the sensors can be read
directly from the Arduino library, which we can then use as input into our algorithm to
detect incorrect/irregular partake of exercise.

In the end, we decided to go with the MPU9250, for the fact that it has 9DOF, whereas the
ADXL335, only has 3, that being the accelerometer. This ability allows us to use more than
just the accelerometer, such as the gyroscope which the ADXL335 does not have, if we need
to, whereas with the ADXL335 we are restricted to using the accelerometer.

For powering the Arduino, since we decided it was impractical to have the user keep the
USB to microUSB cable connected whilst doing the exercises, we decided to source for an
alternative powersource, such as using batteries. In order to power the Arduino, an input of
5.45v to 8v was needed. Having 4x 1.5v AAA on the device was deemed rather unfeasible,
seeing that it takes up quite a bit of space. We did find another type of batteries that we
finally settled on, 3v CR2 batteries. Although this type of battery may sound unfamiliar to
some, these types of batteries were widely used in digital cameras, and can be found in
almost any photo-printing shop. 2 of these CR2 batteries are barely bigger than the size
needed to fit one AA battery, hence we decided to use it. Not only were these batteries
relatively small, it also had a longer shelf-life and can store a larger charge than that of a
button battery.

(Fig 1.2 Circuit Diagram)
The casing was designed using FreeCAD and printed using the school’s 3D printer. At first,
the box could not fit the AA battery holder inside the box, and was stuck on the side instead.
We felt that it would fall off too easily and did not look appealing, nor protect the battery
from rough handling, which may cause damage. To solve this, a holder specifically made for
2 CR2 batteries to allow them to be placed parallel to each other was designed and printed.
This was made to be able to be removed from the box easily so the users can change the
batteries. The microUSB port was also changed from originally being at the bottom, to be
located at the top, so that it is easier for users to connect to it and use it at the same time.

Solution design
After weeks of tests and trials, we have managed to come up with the following solution
design:

(Fig 2.1 completed box with batteries as power source)

(Fig 2.2 Removable battery holder for 2x CR2 batteries)

(picture included for illustration of band)

(without band)
(wires are for batteries in the separate compartment)

The procedure to operate the device is split into 2 stages: The calibration and exercise stage.

Firstly, the patient would strap the device around the respective area of the body which
would be involved in the exercise.

He would then long press the button to switch on the device which would then kickstart the
calibration process, during which a colour-coded light would be shone, depending on which
exercise is currently calibrating for and the buzzer will sound with a tone of (5, 8000, 500).

As the calibration process ends, the buzzer would stop, and a green light would be shone.
This signals the start of the exercise. The patient would then start the exercise, during which
the algorithm code in the device would start analysing the data received from the Inertial
Measurement unit that reads accelerometer data while the patient moves his body while
carrying out the exercise. When the patient carries out the exercise correctly, the light will
remain green and the buzzer will not sound. When the patient carries out the exercise
wrongly, the light will turn red and the buzzer will sound a tone of (5, 500, 500). The patient
can then carry out a short press on the button to switch his exercise selection, which will be
represented by the respective coloured lights during calibration mode (Orange for exercise 1,
blue for exercise 2, purple for exercise 3) Shortly after a patient switches exercise modes, the
calibration process will start again, followed by the exercise process. This cycle is repeated
for every exercise mode. The patient can then do a long press on the button again to turn off
the device.

Exercise 1 is a basic heel tapping exercise, where the patient simply lifts and sets his heel.
Eg: https://youtu.be/_w87Oisn4Sg?t=18
Exercise 2 is an exercise known as “March Past” where the patient stands straight with
his/her feet shoulder width apart and lifts up a foot to the hips and then alternate to the other
foot.
Eg: https://youtu.be/GX4_WlUW_TU?t=76
Exercise 3 is known as the “No money exercise”, where the patient sits upright with their
upper arm and hands facing him/her in front of him/her and moving the hands to the back as
far as possible to activate and stimulate the muscles behind his/her shoulder blade.

Eg: https://youtu.be/ZaVDs5DPnsA?t=116

How the algorithm works
Our algorithm specifies a range of accepted accelerometer values that, when carrying out the
exercise correctly, the readings should fall under. If at any time the readings from the
accelerometer exceeds the specified range, the exercise is deemed as incorrect and the
patient would be alerted with the red light and buzzer. When the exercise movements remain
correct and within the specified range, the device's LED will remain green and the buzzer
will not sound.

As the device calibrates, the arduino begins reading accelerometer data captured by the IMU.
It will read and capture new sets of data for 50 times within a 50-millisecond interval each,
during which it will compare the new set of data with the previous set of data. As long as the
new data, when compared with the previous data does not exceed it by a certified range, the
calibration will continue after all 50 data sets have been analysed and processed. The
exercise stage will then commence afterwards. If the new set of data read exceeds the
previous data by the certified value, the calibration process restarts.

Readings by the IMU during calibration

The calibration stage is required to obtain a stable and accurate base dataset values upon
which the specified range would be implemented on. This is to ensure that possible slight
discrepancies in the patient's wearing of the device do not affect the device's ability to read
and properly classify the exercise movements, and hence ensure that the device analysis
would be accurate and non-erroneous.

Pilot testing
We conducted preliminary pilot testing of our product on 20 students, on 1/7 and 2/7. The
students were told to wear the product. They were then instructed to watch a detailed and
comprehensive video which showcases how to do the respective. They were then told to try
out the prescribed exercise to the best of their abilities. This is to test the accuracy and
tolerance level of the device in detecting and classifying the exercise movements as correct.
Students were then told to make exaggerated exercise movements, and make random,
incorrect movements. Students were told to simulate the symptoms of Parkinson's patient
with comprehensive guidance (hypokinesia and inability to move). This is to test the
accuracy of the device in detecting wrong exercises

Results and discussion
The device was able to differentiate between correct and wrong exercises all of the time.
Below are graphs that show accelerometer while correct and wrong exercise movements
were carried out, and the state of the device during the two scenarios.

Graph of incorrect/random movement

(previous design)

Device when exercise was done correctly (i.e. when foot is lifted upright)

Device when exercise was done incorrectly (i.e.: when foot is lifted slanted)

One problem that arose during pilot testing was that the device was too sensitive. While the
device was able to tell apart wrong exercise movements from correct ones, it was found that
the device would classify some correct exercise movements as wrong ones. We found out
that the reason for this was that the range of accepted accelerometer values for the exercise
was too small, and hence needs to be widened to ensure that the device will not be too
sensitive. This also allows the device to accommodate movement of a wider range of
magnitudes.

(Red lines show the boundary)
We tweaked the upper and lower limits of the accepted values accordingly in order to allow
a wider accepted range. We then tested our device again on 20 students, and it was found
that the sensitivity issue was mostly corrected. The accuracy of our product was not
compromised.
(Revised boundaries)
Data transfer to excel
Our device can be connected with a wire to a computer for a real time transfer of data to
Microsoft Excel, where it is analyzed, tabulated, stored, and plotted into graphs for easy
access and an easy to understand interface for physicians. This allows physicians to have
access to patient data for more in-depth review and analysis by physicians
Some data that are processed and tabulated include the percentage of time where the patient
carries out his exercise wrongly, the accelerometer data for all 3 axes, as well as the average
number of times the patient carries out his exercise incorrectly. All these data are processed
and tabulated real time, as long as the device is connected to a computer.

(Graph of x-axis while exercise is carried out)

(Graph of y-axis whilst doing exercise)

(Graph of z-axis whilst doing exercise)

Excel link: https://1drv.ms/x/s!Aq8ybA9nRZKTvXwMTptFOOzA9Ain

Limitations
One limitation we faced was that we were not able to test our product on Parkinson’s
patients, hence we were not able to analyse whether or not our device would be effective and
still as accurate on Parkinson’s patients. We were also unable to authentically simulate the
symptoms of Parkinson’s on the product.

Furthermore, there were also no data available regarding IMU data when the patients were
carrying out their exercises. Hence, we were unable to reliably compare actual patient data
with our own data captured by our device. This would slightly decrease the accuracy of our
algorithm

Conclusion
In conclusion, it can be seen that our product is successfully able to alert Parkinson’s
patients whenever they carry out the exercise wrongly, so that they can correct it
accordingly. Our product is also able to accomplish that to a high degree of accuracy, as seen
by our pilot tests above. The display has also checked all requirements - it is light, portable,
cheap and cost efficient. Data transfer via wire to Excel is smooth, reliable and nonintrusive.
Possible further work could encompass increasing the sophistication of our algorithm, to
more accurately detect wrong exercise movements. We could also test our product on actual
Parkinson’s patients, and get authentic patient data from them, in order to refine our
algorithm
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