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Abstract: The second most frequent type of neurodegenerative sickness is Parkinson’s disease, which
impairs daily functions and movement in older people due to significant nerve cell destruction. The
patient may experience uncontrollable shaking and hand tremors as their condition worsens, making
it difficult for them to carry out routine chores, such as eating from a bowl. In this project, we want to
build a stabilising spoon for individuals with Parkinson’s disease by using the concepts of sensor
networks and the Internet of Things. The stabilising spoon senses any inadvertent tremors or shivers
from the user and modifies its head appropriately, ensuring that the spoon’s bowl stays stable at all
times. A prototype was developed using an accelerometer to monitor motion speed, as well as a
gyroscope to estimate angle in order to assist patients throughout the eating process.

Keywords: Parkinson’s disease; gyroscope; accelerometer; calibration; sensor networks; Internet of
Things; stabilization; biomedical instruments

1. Introduction

The production of affordable solutions that include sensor networks and controlled
systems has been made possible by recent developments in IoT (Internet of Things) tech-
nologies. Deploying an IoT-based infrastructure that can track, manage, and observe your
devices has become simpler as a result. With the most recent developments, we have
observed a significant advancement in intelligent biomedical support technology. With
innovative technology, like bio-mechatronic components that replace human limbs and
AI (artificial intelligence)-based object classification systems for the visually impaired,
people with functional disabilities can now utilise these technologies to enhance their own
quality of life. By utilizing these technologies and associated protocols, we have created
a stabilizing mechanism and integrated it into a spoon which can be used by patients
requiring assistance.

A patient with Parkinson’s disease experiences excruciating discomfort when using a
plate or spoon to eat due to the neurodegenerative disorder’s uncontrollable tremors in
their limbs. Depending on the individual, the disease’s symptoms may be disregarded
for extended periods of time if they are moderate. Over time, the patient’s condition
deteriorates and may even negatively impact breathing and speaking. There is currently
no recognized cause for the Illness, meaning there is no definitive treatment. The potential
of these biomedical aid devices holds potential for improving the lives of people with
functional disabilities.

In order to offset the unwanted motion and vibration, stabilizing mechanisms are used
in a variety of settings, including photography (gimbals) and airplanes. Our approach in
this study is to incorporate these sophisticated controlled stabilizing mechanisms into a
low-cost prototype in order to manufacture, as seen in Figure 1, a self-stabilizing spoon
that maintains its balance even when the user’s hand shakes or trembles. If it experiences
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any unanticipated tremor in its rear end, as seen in Figure 2, it modifies the position of its
head. These days, only large corporations produce these gadgets at high costs [1], making
them unaffordable for the average person.
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ments”. A pioneer in the field of stabilizing spoons is Pathak et al., where a model of a 
processing unit connected to a remote non-contact position sensor and stabilizing mecha-
nism was shown. The work is among the first in the subject and is very comprehensive. 
The prototype recommends an 8-bit ATMEGA8A programmable microcontroller as an 
option, coupled with an inertial sensor and a motion sensor, similar to the gyroscope and 
accelerometer used in our system [1], but it does not specify the sort of microcontroller or 
processing unit to be supplied. 

A similar idea, using the Arduino Nano as the controller, is presented in the publica-
tion “Self-Stabilizing Spoon for Parkinson’s Ailment” by Jaswanth, D.K. et al. After con-
verting the ADC data from the accelerometer and gyroscope in the GY-273 module, equal 
and opposite calibration is applied as part of the stabilizing mechanism. HS-125MG ana-
log motors are utilized in place of digital ones. By using a similar methodology and ac-
counting for tremor speed, our paper achieves instantaneous calibration and the lowest 
feasible latency [2]. 

A mounted damping mechanism, made possible by magnetic encoders, a gyroscope, 
and an accelerometer are suggested in the work “Preliminary design of an active stabili-
zation assistive eating device for people living with movement disorders.” by Turgeon, 
Philippe et al. The SAM E70 ARM CortexM7 microcontroller from Atmel is used to run 
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A microcontroller board (in this case, an Arduino Uno) and a power supply, in the form
of a five volt battery, make up the prototype. The inertial measurement unit (IMU) MPU6050
utilized is comprised of a gyroscope and an accelerometer both with three axes, which are
oriented perpendicular to one another. Both the inertial acceleration and the rotational
location relative to a standard frame may be determined by using an accelerometer and a
gyroscope, respectively. When combined, the roll, pitch, and yaw of the tilt may be utilised
to calculate the location of an item in space as well as its rate of travel into a certain angular
position with respect to the cylindrical coordinate system. The electromechanical parts
are two perpendicularly positioned, high-precision servo motors (SG90) with positional
feedback. In order to achieve the desired calibration, they are rotated in accordance with
the data collected by the sensors.

2. Literature Review and Related Works

The patent from the United States is titled “Stabilizing unintentional muscle move-
ments”. A pioneer in the field of stabilizing spoons is Pathak et al., where a model of a
processing unit connected to a remote non-contact position sensor and stabilizing mecha-
nism was shown. The work is among the first in the subject and is very comprehensive.
The prototype recommends an 8-bit ATMEGA8A programmable microcontroller as an
option, coupled with an inertial sensor and a motion sensor, similar to the gyroscope and
accelerometer used in our system [1], but it does not specify the sort of microcontroller or
processing unit to be supplied.

A similar idea, using the Arduino Nano as the controller, is presented in the publication
“Self-Stabilizing Spoon for Parkinson’s Ailment” by Jaswanth, D.K. et al. After converting
the ADC data from the accelerometer and gyroscope in the GY-273 module, equal and
opposite calibration is applied as part of the stabilizing mechanism. HS-125MG analog
motors are utilized in place of digital ones. By using a similar methodology and accounting
for tremor speed, our paper achieves instantaneous calibration and the lowest feasible
latency [2].
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A mounted damping mechanism, made possible by magnetic encoders, a gyroscope,
and an accelerometer are suggested in the work “Preliminary design of an active stabi-
lization assistive eating device for people living with movement disorders.” by Turgeon,
Philippe et al. The SAM E70 ARM CortexM7 microcontroller from Atmel is used to run the
system. The motor assembly, gearbox, transmission, and encoders are all attached to an
external handle that the operator employs to operate the device’s extremely intricate Carte-
sian velocity-based damping algorithm. The one disadvantage of this concept is that, since
neurodegenerative diseases are frequently associated with cognitive impairments such as
dementia, the device lacks the portability and straightforward approach that these patients
require. This study offers insightful information on the various tremors and movements
that patients experience throughout various activities [3].

Our project’s stabilising mechanism is similar to that described in “The Stabilizing
Spoon: Self-stabilizing utensil to aid those with limited motor abilities.” by Abrahamsson,
Johan et al., which is programmed on the Arduino Nano and uses the same motors and
sensors. They have provided various algorithms and codes to calibrate the device, with
a few being sourced from other projects and one being original. The paper provided an
astute performance (frequency) analysis of fast and slow oscillations on MATLAB ver.2017a
in their incredibly detailed research [4].

The spoon is tested with both solid and liquid foods in various orientations at different
frequencies of tremors. They also examined various load capacities of the device. The
findings of these tests are remarkable and provide insights on how well our device compares
with the market standards [5].

An innovative method of measuring angular momentum using a MEMS (micro
electro mechanical system) gyroscope and accelerometer is presented in “Development
of MEMS Accelerometer based Hand Tremor Stabilization Platform” by Chowdhury
D. et al. It is programmed on the AVR microcontroller giving three degrees of freedom
through the tri-axis IMU. An error analysis of the accelerometer is provided with very
well explained mathematics and physics. This paper has the most progressive work in
the field by far [6–8].

Researchers Ripin, Zaidi Mohd, and coworkers set out to determine if the market’s
priciest stabilising spoon, made by Liftware, satisfy expectations considering its high price
tag in their study “Preliminary Evaluation of Active Tremor Cancellation Spoon for Patients
with Hand Tremor” [9].

3. Methodology

Two axes must be maintained by the spoon in a horizontal position. To construct a
2-DOF system, two servo motors are placed orthogonally to one another [10–13]. The
spoon bowl is meant to stay in a horizontal posture with this configuration in place.

3.1. Electronic Connections

A 5-volt battery connected to the Arduino Uno microcontroller’s VCC junction pro-
vides remote power. A digital pin is used to receive the sensor interrupt, and an analog
pin is used to relay the data and pulse. The servo motors are arranged perpendicularly
on top of one another, in order to provide the device with two degrees of freedom. The
designated digital pins are used to operate them. The Arduino, or a connected breadboard,
provides the VCC and grounding for the sensor and the servos. Figure 3 shows the circuit
configuration [14–18].
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3.2. Initialization

In order to obtain the intended outcomes, the sensors and electromechanical compo-
nents must first evaluate the surrounding conditions and determine the user’s frame of
reference. Before being utilized, the sensors are calibrated for a duration of 3000 ms. During
this time, they read the angular readings and calculate their average; these values serve as
the foundation for the user’s position. For the first calibration period, the MPU6050 sensor
delivers X, Y, Z, and temperature readings. We save and calculate the first three readings
and ignore the temperature readings. This procedure is shown in Figure 4.

Eng. Proc. 2024, 59, 150 FOR PEER REVIEW 4 of 8 
 

 

 
Figure 3. Schematic circuit diagram designed on Eagle CAD. 

3.2. Initialization 
In order to obtain the intended outcomes, the sensors and electromechanical compo-

nents must first evaluate the surrounding conditions and determine the user’s frame of 
reference. Before being utilized, the sensors are calibrated for a duration of 3000 ms. Dur-
ing this time, they read the angular readings and calculate their average; these values 
serve as the foundation for the user’s position. For the first calibration period, the 
MPU6050 sensor delivers X, Y, Z, and temperature readings. We save and calculate the 
first three readings and ignore the temperature readings. This procedure is shown in Fig-
ure 4. 

 
Figure 4. Initial calibration algorithm. 

3.3. Sensor 
The sensor is an instrument that tracks variations in electrical, physical, or other char-

acteristics and produces an output indicating those variations [19–21]. 

3.4. Experimental Work 
The self-stabilizing spoon acts like a gimbal, shifting its spoon head to counteract the 

user’s tremors. It starts with calibrating itself and getting an initial measurement of the 
angle it is at. Now, once that angle changes, a command to reposition is sent to the motors. 

The technicality of the process is explained below: 
Step 1: Initiate I2C protocol 
Step 2: Input the motors, all variables and constants required for calculation 
Step 3: Activate the servos and set them at 90° 
Step 4: Activate the MPU 6050 
Step 5: Generate a for loop (3000 ms) to take inputs X, Y, Z, and temperature. 
Step 6: Convert Voltage inputs to angles (initial). 

Figure 4. Initial calibration algorithm.

3.3. Sensor

The sensor is an instrument that tracks variations in electrical, physical, or other
characteristics and produces an output indicating those variations [19–21].

3.4. Experimental Work

The self-stabilizing spoon acts like a gimbal, shifting its spoon head to counteract the
user’s tremors. It starts with calibrating itself and getting an initial measurement of the
angle it is at. Now, once that angle changes, a command to reposition is sent to the motors.

The technicality of the process is explained below:
Step 1: Initiate I2C protocol
Step 2: Input the motors, all variables and constants required for calculation
Step 3: Activate the servos and set them at 90◦

Step 4: Activate the MPU 6050
Step 5: Generate a for loop (3000 ms) to take inputs X, Y, Z, and temperature.
Step 6: Convert Voltage inputs to angles (initial).
Step 7: Print Initial values of all three planes.
Step 8: Create new function to take final values of X, Y, Z, and temperature.
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Step 9: Convert Voltage inputs to angles (final).
Step 10: Output to servo is (90 + final angle).
Step 11: Run loop for initial values once and keep running the loop for final values for

constant calibration.

3.5. Calibration

The MPU 6050 sensor is given a 3 s calibration period to set up an initial value for the
gyroscope assumed as (0,0,0). In this time period, the voltage inputs are divided by the
sensitivity of the gyroscope (500◦/s) to give actual angle values. The average of all values
obtained in the three second period is taken into consideration. Hence, the device should
be kept stationary for the first 5–10 s.

3.6. Obtaining the Output

For the final input (dynamic) of the MPU 6050, the accelerometer readings are taken
into consideration. These readings are divided by the sensitivity of the accelerometer
(65.5 LSB/◦/s). As the roll, pitch, and yaw are considered in the accelerometer, the angular
values have to be converted to regular rectangular coordinates from cylindrical coordinates.

3.7. Conversion of Voltages to Angular Readings

The MPU6050 sensor gives voltage (ADC) readings as their output, and we are sup-
posed to convert them into regular coordinates. These numbers need to be divided by
their LSB sensitivity, which is determined by registers 27 (GYRO CONFIG) and 28 (ACCEL
CONFIG), respectively, and its third and fourth bit components. Table 1 shows sensitivity
table for gyroscope (left) and accelerometer (right) [7].

Table 1. Sensitivity table for gyroscope (left) and accelerometer (right).

FS_SEL Full Scale
Range

LSB
Sensitivity AFS_SEL Full Scale

Range
LSB

Sensitivity

0 ±250◦/s 121 LSB/◦/s 0 ±2 g 16,384 LSB/g

1 ±500◦/s 65.5 LSB/◦/s 1 ±4 g 8192 LSB/g

2 ±1000◦/s 32.8 LSB/◦/s 2 ±8 g 4096 LSB/g

3 ±2000◦/s 16.4 LSB/◦/s 3 ±16 g 2048 LSB/g

3.8. Stabilization

Once the gyroscope and accelerometer values have been converted to angular readings,
they have to be assessed to determine the movement received by the user towards the
rear end of the spoon. As the accelerometer works in a cylindrical coordinate system, it
is important to convert our values to the cartesian system before applying them to the
stabilization process. In the cylindrical system, the roll, pitch, and yaw calculated by the
system are considered while converting the values using the equations depicted below.

Change in X = tan−1
(

accY
accZ + abs(accX)

)
× 360 × π

2

Change in Y = tan−1
(

accX
accZ + abs(accY)

)
× 360 × π

2

where accX, accY, and accZ represent the accelerometer’s raw angular measurements after
conversion. Once we obtain our final angular readings, we can set our servo motor ‘X’ and
‘Y’ accordingly with the respective value + 90◦ (initial).

Servo ‘X’ = 90◦ + Change in Angle on the X axis
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Servo ‘Y’ = 90◦ + Change in Angle on the Y axis

This is repeated continuously in a loop.

4. Real Instrument

The prototype was redesigned as a genuine hardware tool with a 3D printed plastic
shell with all PCBs and sensors drilled within, and this concept was created and simulated
using SolidWorks. The sensor would be placed inside the handle, while the motors would
be cased towards the front, just behind the spoon bowl. Figures 5–7 contain a design-based
visualization and vision of what a real instrument could look and feel like.
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5. Conclusions

Patients’ lives are profoundly impacted by Parkinson’s disease on more than just a
physical level. The mental toll of constantly needing assistance from others in daily activities
is unfathomable. The constructed prototype produced results that were satisfactory and has
the potential to improve the quality of life of these individuals with functional impairments.
Patients with severe cerebral palsy or other neurodegenerative disorders can also benefit
from the device’s applications.

If the prototype is to be considered useful for those with high-frequency tremors, it
needs to be modified and has some space for improvement. There are no issues with the
algorithm; the servo motors (SG90) are simply too sluggish to calibrate faster tremors.
Though those with limited motor limitations may find the item useful in its current config-
uration, in actual use, a more sophisticated motor like the MG90s or a separate DC motor
would most likely be more efficient.
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