
����������
�������

Citation: Al-Aboosi, A.F.; Fink, R.

Novel Device Used to Monitor Hand

Tremors during Nocturnal

Hypoglycemic Events. Inventions

2022, 7, 32. https://doi.org/

10.3390/inventions7020032

Academic Editor: Seung Hwan Ko

Received: 22 February 2022

Accepted: 22 March 2022

Published: 24 March 2022

Publisher’s Note: MDPI stays neutral

with regard to jurisdictional claims in

published maps and institutional affil-

iations.

Copyright: © 2022 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

inventions

Article

Novel Device Used to Monitor Hand Tremors during Nocturnal
Hypoglycemic Events
Abdullah F. Al-Aboosi 1,2,* and Rainer Fink 1

1 Department of Engineering Technology and Industrial Distribution, Texas A & M University,
College Station, TX 77843-3122, USA; fink@tamu.edu

2 Department of Multidisciplinary Engineering, Texas A&M University, College Station, TX 77843-3122, USA
* Correspondence: abdullah.alaboosi@tamu.edu

Abstract: Diabetes is one of the lifelong diseases that require systematic medical care to avoid life-
menacing ramifications. Uncontrolled diabetes can cause severe damage to most internal body
organs, probably leading to death. Particularly, nocturnal hypoglycemic that occur usually at night
during sleep. Severe cases of these events can lead to seizures, fainting, loss of consciousness,
and death. The current medical devices lack to give the warning to reduce the risk of acquiring
nocturnal hypoglycemic events because they use only for glucose monitoring during waking times.
Consequently, the main goal of this work is to design and implement a new wearable device to detect
and monitor tremors, which occur when a user has hypoglycemia (low blood sugar). The device can
detect a frequency range of 4–12 Hz by using the accelerometer of Arduino Nano 33 BLE. It can send
a signal to the phone application (app) via Bluetooth Low Energy (BLE). Once the phone receives a
signal, the phone application can activate an alarm system to wake up the patient, call three selected
contacts number, and universal emergency number. In case of the user is unresponsive, the app
can provide the patient’s location, name, and date of birth to the emergency contacts numbers and
universal emergency number. Additionally, the device cost is economically feasible and competitive
compared to other medical devices.

Keywords: tremor; DiAtack; wearable device; app; diabetes; nocturnal hypoglycemia; signal processing

1. Introduction

Diabetes can cause serious consequences for health and wellbeing if it is not properly
monitored and controlled. According to the Centers for Disease Control and Prevention
(CDC), 30.3 million Americans which is 9.4 percent of the U.S. population have diabetes.
Another 84.1 million have prediabetes, a condition that if not treated often leads to type
2 diabetes within five years [1]. The percentage of diabetics has increased in correlation to
the population [2,3]. The hypoglycemia that occurs nocturnally has increased the risk of
death. The studies of [4,5] state that when blood glucose levels drop below 70 mg/dL while
a person sleeping at night, the nocturnal hypoglycemia event will occur. Most research
speculations report that hypoglycemic events mainly occur at night when the patient
is unlikely to wake up and realize symptoms before becoming worse [6]. Accordingly,
severe hypoglycemia can cause death among young people with type one diabetes. Tremor
is one of the widespread symptoms that typically begin to occur when the blood sugar
level goes below the normal level of 70 mg/dL [7,8]. According to [9], the hand tremor
frequency is estimated between the value of 4 to 9 Hz, while [10] shows that the actual
tremor can be detected between 4 to 12 Hz. The accelerometer was introduced to detect the
tremor when it occurs [11]. In the study [12], a wearable device was used to measure the
tremor by using electromyography. The inertial sensors were used properly to evaluate the
diagnoses and treatment of tremors that are caused by several diseases such as Parkinson’s
disease [13,14]. Using a smartphone is another device that can be used effectively to detect
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and monitor pathological tremors [15]. To improve data transmission and lessen the power
usage in tremor devices, a data compression method was used and implemented. [16].
Nowadays, smartphones have increased the accuracy of monitoring system due to its
low cost and ability to connect wirelessed [17]. Based on a prior study [18], a cell phone
accelerometer was used to accurately detect termites. Thus, it was offered to use as a
monitoring device. The accelerometer is an essential device to measure acceleration for
most physical activities [19–23]. The author of the study [24] argues that accelerometer
sensor is a good method to measure the position and the acceleration. The raw data that
the accelerometer produce is always in time domain [25]. For that reason, the Fast Fourier
transform (FFT) can be applied to convert the signal from original domain time to frequency
domain [26]. Currently, there is no existing technology or commercial product that can
alert users when they are experiencing a nocturnal hypoglycemic event. The main goal
of this work is to provide a solution by detecting the tremors in the hand and alerting
users that their blood sugar is critically low. Consequently, the wearable device Diabetes
Attacks (DiAtack) is designed to alarm users, universal emergency number, and contact
three emergency numbers once a nocturnal hypoglycemic event starts

2. Materials and Methods
2.1. General Description

The key purpose of designing and implementing the DiAtack is to detect tremors
caused by low blood sugar levels through combining a noninvasive wearable device, an
application, and a central alarm unit. Therefore, the proposed device can be used to
precisely monitor the user’s condition by detecting hand tremors when Hypoglycemia
occurs. Once tremors are detected by the wearable band, the phone app will send a signal to
activate the alarm system. If the alarm fails to wake up the patient, three emergency contacts
will be notified by the phone app, in addition to contacting universal emergency number.
The android mobile application is used to communicate with the wearable device to save
the data and activate the emergency protocols which are based on a specific frequency
range. There are two operating scenarios for the mobile application. The first scenario
is sending a signal to the Arduino Nano BLE, which is was manufactured by (Arduino,
Scarmagno, Italy), to activate the alarm system. While the second scenario is notifying
three emergency contacts along with universal emergency number of a users’ condition
and their location. Furthermore, the mobile application developed by MIT App Inventor
(Massachusetts Institute of Technology, Cambridge, MA, USA) can be used to save raw
data for research purposes. The proposed system is designed to wake up a patient by using
a bright light and loud sound. The app also allows a patient to save a recorded message
that can be sent to three phone numbers and universal emergency number to inform them
about the patient’s information when the alarm system fails to wake up a patient.

2.2. Conceptual Block Diagram

A conceptual block diagram of the proposed system shows the high-level superstruc-
ture and highlights subsystems such as a wearable device (DiAtack), smartphones, and
a central unit, as shown in Figure 1. The wearable device is designed to be capable to
detect the tremor of nocturnal hypoglycemic in the range of 4–12 Hz. Bluetooth is used to
communicate the phone app with DiAtack. Thus, the phone app will be able to activate
an alarm system and send three texts to the emergency contact once it detects an input of
4–12 Hz.
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Figure 1. DiAtack Conceptual Block Diagram.

2.3. Functional Block Diagram

In the DiAtack system, a wearable device is communicated with a phone application
to detect tremors. The tremor that occurs during hypoglycemia events can be detected
by using an accelerometer. Additionally, the phone app will be communicated with PCB
through an Arduino Nano BLE to turn on the alarm system. The PCB consists of several
stages that reduce a voltage to power the alarm system as well as the microcontroller. To
improve the reliability of the proposed device, two options have been added in case the
alarm system could not wake up the diabetic patient by contacting emergency contact and
universal emergency number. Figure 2 shows the functional block diagram of DiAtack.

Figure 2. DiAtack functional block diagram.
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2.4. Printed Circuit Board (PCB)

The PCB was designed by using Altium Software by (Altium Software company, San
Diego, CA, USA). The hardware aspect of the device is to design a PCB that can host the
voltage regulation circuit. The Arduino Nano 33 BLE is used to accommodate a Bluetooth
module. The Bluetooth module receives a signal from the phone application and activates
the processor. The microcontroller is used to activate the alarm to which it is connected
too. The microcontroller needs 3.3 V for its operating voltage and the alarm needs 9 V.
The whole device can be connected to the wall through a 12 V wall converter. A voltage
converter circuit is used to attain the required operating voltages. To achieve the 9 V target
for the alarm, an L78S09CV voltage regulator is used. The load dropout voltage for the
device is 1.5 V which is less than 3 V. It is the difference of 12 V to 9 V conversion. For
optimal performance, the voltage regulator will have a 0.33 uF capacitor connected to
the input, and a 0.1 uF capacitor connected to the output. To achieve the 3.3 V for the
microcontroller, a uA78M33C voltage regulator is needed. The load dropout voltage for
the device is 2 V, which is less than 6 V that is a result of the 9 V to 3 V conversion. For
optimal performance, the voltage regulator has a 0.33 uF capacitor that is connected to the
input, and a 0.1 uF capacitor that is connected to the output. To activate the alarm, the
microcontroller requires to be connected to a MOSFET, which will act as a switch. The
microcontroller can send 3 V to the MOSFET which activates the alarm. The alarm also has
an 82 Ohm resistor between itself and the 9 V power supply which can limit the current
going to the alarm with 109 mA. Figure 3 shows the alarm control circuit.

Figure 3. DiAtach alarm control circuit.

2.5. Software Flowchart/Algorithm

The DiAtack Application was developed using MIT App Inventor, which is a web
application integrated development that allows app developers to create their first ap-
plication. In the sleep mode phase, the mobile application is initialized by the user and
set to sleep mode until the user sets up the emergency contacts. To make this happen,
creating a list with all the saved numbers requires. Each saved number is set to receive a
predetermined message that states: This is an automated message from the DiAtack system
to inform the protocol that the patient’s blood sugar is low, and a patient is in a critical
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situation. Next, to scan and connect to multiple peripherals, BLE is designed to consume
less power while maintaining comparable functionality. Additionally, the BLE protocol
allows a device to attain either a central or peripheral role. Since MIT app inventor requires
a separate Bluetooth LE component for each device. In this case, the service Universally
Unique Identifier (UUID) and a characteristic UUID were needed for the wearable device
and the central unit. A characteristic and services are all assigned and referenced using
Universally Unique Identifier (UUID). These values were determined based on the Ar-
duino values that were assigned in the peripheral’s configuration. Each UUID Service and
UUID Characteristic needs to be initialized along with assigning two buttons that oversee
scanning for each component. If there is a successful connection, a checkmark confirms
this step. To initiate the communication mode, the user presses the save contact button.
Once the save contact button is pressed, the phone application will begin receiving data
from the wearable device using a synchronized clock that transmits the strings in real-time.
If a packet is received, the application checks again to make sure the sensor is connected
to ensure there are no packets lost. Once there is a successful connection, a checkmark
confirms this step. The decision mode begins immediately when both checkmarks are
shown and the MAC address for each device matches each peripheral. Figure 4 shows the
received signal will determine the decision, if not, the sensor information will be returned,
send sensor data, create an error signal alert user and it will go to the next decision whether
connected to the sensor or not. However, if the signal is received, then the program will go
to whether connected to the sensor or not. During the decision phase, each item in this list
is put through a for loop with an if condition. If the condition is set to read each received
item and check whether the values fall between 4 and 12 or if the value falls under 4. This
takes into account the deliverable of enabling the system once the frequency of the user’s
tremor falls between this range. For both conditions, the string is first received, and the
string is read through the appropriate service and characteristic UUID. In the back end of
the app, the app is continuously saving the raw data of the XYZ values into individual text
files. After a tremor is detected, the mobile application initializes the connection between
the application and the central unit. Figure 4 shows the decision mode. The communication
mode is responsible for enabling the alarm. Once the App active the alarm, at the same
time it will activate the emergency protocol. This protocol will send three text messages to
the emergency contacts and universal emergency number. Figure 4 summarizes DiAtack
Mobile Application.

Figure 4. DiAtack Mobile Application.
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The first step of the wearable band was to define the libraries, activate the BLE, and
initialize the BLE. The sample size was defined along with the sampling frequency. In
addition, the code can start acquiring the accelerometer raw data, and apply Fast Fourier
Transformer (FFT). Finally, the low passband filter was applied to remove the noise as
shown in Figure 5. Central Unit was required to enable the BLE. The condition was set
whether the phone app is connected to the central unit. When the condition is met, the
characteristic value would been written to the alarm. Additionally, if the value is equal to
zero, the alarm will be off. While if the value is one, the alarm will be active as shown in
Figure 6.

Figure 5. DiAtack wearable band software setting.
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Figure 6. DiAtack Central Unit Software setting.

2.6. Frequency-Time Domain Transformation

An accelerometer generates XYZ coordinate points that represent the direction and
position of the acceleration happened. The X coordinate represents the acceleration that
occurs in both the left and right directions. While the Y coordinate shows the acceleration in
the forward and backward paths. Additionally, the Z coordinate describes the acceleration
direction whether is up or down. Figure 7 shows the accelerometer direction.
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Figure 7. Accelerometer Direction.

In this study, the obtained data of the accelerometer refers to the rate of change in
the velocity of an object per unit of time. The measured data will be in meter per second
squared (m/s2) or in G-forces (g). Since data is in the time domain, the FFT was used to
transform time-domain data to the frequency domain. The typical Fourier transformation
equation is shown below [27]:

X(jw) =
∫ ∞

−∞
u(t). e−jw∗t (1)

While the inverse Fourier Transformation, which is used to transform signal in the
frequency domain ω to one in the time domain, is given in Equation (2) [28]:

x(t) =
1

2π

∫ ∞

−∞
X(jw). e−jw∗tdw (2)

The X(jw) and x(t) data of the digital system have a finite number of N samples that
result in discrete Fourier Transformation, as given below [29]:

Ds =
N−1

∑
k=0

uk ∗ exp(−j.n(
2π ∗ k

N
)) (3)

The inverse of discrete Fourier Transformation is given in Equation (4) [29]:

uk =
1
N

N

∑
n=0

un ∗ exp(−j.k(
2π.n

N
)) (4)

During this process, the frequency and absolute time values are discrete Fourier
Transformation [30]. These two variables will be based on the number of samples and
sample frequency,

∆ f =
1

N ∗ ∆t
=

fT
N

(5)

When the discrete Fourier Transformation is applied, the number of sample time can
be converted to the number of sample frequency [31]. Indeed, the time data are real number
and the complex frequency samples are conjugate complex uniform as shown below:

UN−n = Un (6)
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The above-mentioned equations were used to process the signal of the accelerator to
obtain the data in frequency domain. Data filtration was used to filter the data between the
desired frequency between 4–12 Hz.

3. Results and Discussion

The Tinkecard-3D Modeling Software that created by Tinkecard (San Francisco, CA,
USA) was used to build the wearable band to hold all the components inside it. The
wearable case has a sliding door on top. The sliding door has a hole to allow users to charge
their wearable band using s micro-USB cable. The charging LED indicator turns red when
charging and becomes green when the device is fully charged. Figure 8 shows the printed
wearable case, its components, and the front view of it in a user’s hand.

Figure 8. DiAtack wearable band. (A)—case, (B)—case cover, (C)—wearable device, (D)—wearing
the wearable device and (E)—wearable device with its components.

Figure 8 shows the printed wearable case, its components, and the front view of it in
a user’s hand. The wearable band was included a charging circuit, Arduino Nano BLE
33, and a lithium-ion battery inside the case. The components fit inside the case and do not
move when the patient event occurs. The wearable device fitted comfortably on the user’s
hand and was not fallen off overnight. The Central Unit needs to hold the alarm and PCB.
The PCB contains the Arduino Nano BLE 33. The Central Unit case has a slidable door on
the back as shown in Figure 9. The front of the alarm is visible to make users aware of the
flashing light and hear the audible sound. On the right side of the alarm, there is a hole in
the case to allow the user to plug the adaptor into the PCB as shown in Figure 8.

The PCB was built by using the equipment of (Texas A&M University, College Station,
TX, USA). The components are on the top side of the PCB while the Arduino Nano BLE
33 is on the bottom side of the PCB. The PCB powers the Arduino Nano BLE 33 and powers
the alarm when 4 to 12 Hz is detected as shown in Figure 10.
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Figure 9. DiAtack Central Unit.

Figure 10. DiAtack PCB.
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Three key buttons were incorporated into the mobile application. The green “Alarm”
button scans for the alarm to be connected. The yellow button can be used to show all
devices that might be found in the surrounded area. The red “Exit” button allows the user
to exit the mobile application by disconnecting from the wearable device. Underneath the
“Exit” button, there is an area that displayed whether the app is connected to the device.
A green checkmark and text were shown up on the screen to indicate that the device was
connected to the mobile application. Additionally, there are three text boxes that allowed
the user to enter three emergency contacts. The “Saved Contacts” button needs to be
pressed after entering the phone numbers. The user’s location was displayed at the bottom
of the mobile application. Figure 11 shows the mobile application.

Figure 11. DiAtack Mobile Application.

The Test Plan was implemented to test each component of the proposed system and
its software. The accelerometer, Arduino Nano 33 BLE, and alarm were tested individually.
While the PCB circuit design was tested by using Multisim simulation and built on the
breadboard prior to starting the fabrication work. The wearable band was tested to verify
its performance through capturing the accelerometer data as shown in Figure 12.

Figure 12 shows the data that was obtained by the wearable band. These data were in
the time domain. Therefore, the equations of Section 2.6 were used to convert the obtained
data into the frequency domain as shown in Figure 13.

A low pass filter was used to detect and select the desired 4–12 Hz range of frequencies
while preventing signals at unwanted frequencies from passing through the system. The
data was captured on both sides of sending and receiving to check the accuracy of the
system as shown in Figures 14 and 15.

The final integrated system was tested and validated to verify that the device meets
all design specifications and functional requirements. During the testing and validation
process of the system, the wearable band was sent 21 data values. The data was captured
efficiently by the mobile application without losing any value. Digital multimeters, function
generators, frequency counter, and other electronics tools were used to check the integrated
system as in Table 1.
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Figure 12. (a): X Data Detected from Wearable Device; (b): Y Data Detected from Wearable Device;
(c): Z Data Detected from Wearable Device.
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Figure 13. (a): X Data convert from Time Domain to Frequency; (b): Y Data convert from Time
Domain to Frequency; (c): Z Data convert from Time Domain to Frequency.
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Figure 14. XYZ Filtered frequency data sent from the wearable band.

Figure 15. XYZ Filtered frequency data received from the wearable band.

Table 1. Product Test and Validation.

Test Conditions to Pass

Visual • Check PCB with Altium Design
• Check App Layout
• Check buttons for scanning and connecting to both Microcontrollers
• Show textboxes to allow numbers to be entered
• Location is shown
• A case encloses the battery and Arduino Nano 33
• The wearable watch and band fits like a normal watch

Input and output
voltage

• 9.36 V > V to Microcontroller > 8.64 V
• 3.366 V > V to Alarm > 3.234 V
• 12.12 V > Voltage Input > 11.88 V
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Table 1. Cont.

Test Conditions to Pass

Output current • 130 mA > I to the Microcontroller > 100 mA
• 119 mA > I to Alarm > 99 mA

MOSFET • Alarm Turn on when Microcontroller send Power to gate of MOSFET
• Alarm off When Microcontroller sends power to gate of MOSFET

Functionality • Buttons function properly
• Textboxes allow text to be entered
• Mobile application does not crash at any point

BLE connection • App scans for BLE devices
• App can connect to both Arduino Nano 33 s

Notification • App sends one text to each of the three emergency contacts
• App sends one text automatically to a number programed in the code

(normally 9-1-1)
• Text message contains location from phone
• Alarm activates light and sound once emergency protocol is entered

Data Storage • Check whether data saved on app

The visual test was used to examine each component. This test ensures that each
component is operating and meets product expectations. The test was carried out on all
hardware components that include the Accelerometer, Arduino Nano 33, alarm, PCB circuit,
Alpha PCB, and Alpha Android app.

4. Conclusions

The novel contribution of this work is to design, implement, operate, and test a medical
device that has capability to early detect nocturnal hypoglycemic that occur usually at
night during sleep. Consequently, the prior detection will avoid a patient serious event
such as seizures, fainting, loss of consciousness, and death. The system of the proposed
device consists of a wearable device (DiAtack), a smartphone, and a central unit. The new
wearable device (DiAtack) has been designed to detect and monitor tremors, which occur
when a user has hypoglycemia (low blood sugar). The entire system has been tested. The
major test process steps were included visual test, input, and output voltage, output current,
MOSFET, functionality, BLE connection, notification, and data storage. The device showed
up the ability to detect a frequency range of 4–12 Hz by using the accelerometer of Arduino
Nano 33 BLE. It could send a signal to the phone application (app) via Bluetooth Low
Energy (BLE). Once the phone has received a signal, the phone application has activated an
alarm system to wake up the patient, call three selected contacts number, and universal
emergency number. Additional test has been performed in case of a user was not response
for alarm, the app offered an immediate provision for the patient’s location, name, and date
of birth to the emergency contacts numbers and universal emergency number. Furthermore,
the system is economically feasible and competitive compared to other medical devices.
The limitation of this study is to reduce the size of the wearable device that makes it
more comfortable to the users. Therefore, the proposed system of this study is a very
promising medical device that probably needs further development to be better adapted to
the patient’s needs. Adopting iPhone Operating System (iOS) can be added new feature to
the system to allow users using various mobile applications.

Author Contributions: This paper is collaborative research between A.F.A.-A. and R.F. Conceptual-
ization, methodology, software, validation, formal analysis investigation, resources and data curation
was handled by A.F.A.-A. The writing—original draft preparation, writing—review by A.F.A.-A. In
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published version of the manuscript.
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Nomenclature
X Fourier transformation
x Inverse Fourier Transformation
Ds Discrete Fourier Transformation
uk Inverse discrete Fourier Transformation
N Number of samples
j Imaginary numbers
fT Sample frequency
∆t Distance between time samples
∆ f Distance between frequency samples.
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