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Parkinson's disease (PD) is a slowly progressive disorder that
affects movement, muscle control, and balance. The earlier
treatment can prevent the disease from developing and to
prolongate the diseases prodromal phase. In this context,
home monitoring services are potentially powerful tools for
remote diagnosis and can improve healthcare services.
Tremor is the most common symptom of a PD disorder and it
has several advantages for continuous PD symptoms
monitoring. The developing of solution based on smartphone
sensors that allow remote monitoring of the monitored user is
present. The connection between the smartphone application
and cloud platform for smartphone sensors data transmission
for early tremor symptoms detection is developed. It
includesdeveloping  of  configuration of  smartphone
application for sensor data transmission and  developing of
configuration of a cloud platform for tremor symptoms
monitoring. The active tests were developed to capture a
motor disorder, that indicates PD symptom such as tremor.
Initial trials of the developing demonstrated that the
monitoring system has the ability to real-time data acquisition
and transmission using smartphone sensors and cloud
storage. The connection settings developed for the system
proved to be efficient when sensor data transmitted from the
smartphone to cloud storage. The period of time required to
transfer data to the cloud equal to the period of time less than
one second..

Keywords: health monitoring system, smartphone application,
Parkinson's disease, data tramsmission

1. Introduction

Parkinson's disease (PD) is a slowly progressive
disorder that affects movement, muscle control, and
balance.

In recent years, it has become clear that some
symptoms of PD occur decades before the development
of motor symptoms and clinical diagnosis, and that
monitoring these symptoms may provide earlier PD de-
tection. This may enable earlier treatment to prevent the
disease from developing and to prolongate the diseases
prodromal phase [1].

Using data from wearable devices, such as
smartphone sensors, for movement measurements, the

earlier detection of motor symptoms will become possi-
ble [2].

Parkinson's disease is characterized by four motor
disorders: muscle rigidity, hypokinesia, tremors, and
postural instability. The authors [3] present a method to
quantify PD motor symptoms using an accelerometer,
and researchers have extensively tested the validity of
such technologies for examining specific motor tasks in
controlled experimental settings [4, 5]. The findings
suggest that technologies have high sensitivity and spec-
ificity for differentiating PD-specific mobility patterns
from those of healthy controls and for classifying PD
severity and progression within PD patients [6, 7].

Tremor is the most common symptom of a move-
ment disorder [8] and it has followed advantages for
continuous PD monitoring. Tremor is

- the most common symptom of movement dis-
order;

- appears at the early stage of diseases;

- the most obvious symptom;

- easy to detect.

Longer monitoring of tremors can make a diagno-
sis of Parkinson's disease more reliable. Outside the
clinic, patient monitoring is used to monitor tremors.
However, inconsistencies between these reports and ob-
jective tremor assessments are most often found. Long-
term recordings at home can be useful for obtaining an
objective assessment of tremor and identifying changes
in tremor presentation that cannot be observed in the
clinic. However, the inconvenience of long-term records
lies in a large amount of data generated. Analysis and
processing of these data will take a very long time [9].

In this context, home monitoring services are po-
tentially powerful tools for remote diagnosis and can
improve healthcare services.

A large variety of biomedical sensors is used to
obtain a variety of human physiological signals [10].
The processing and analysis of these signals to monitor
human health can be performed using a user's mobile
device or server in cloud storage.
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Fig. 1. Architecture of PD monitoring system

Smartphone sensors and web-based cloud platform
enable remote monitoring, evaluation and daily moni-
toring of person with PD and earlier detection of PD
symptoms.

The paper presents developing of solution based
on smartphone sensors that allow remote monitoring of
the monitored user. The system can detect and quantify
the motor symptom of PD such as tremor.

The proposed solution consists of a smartphone
application, a cloud platform that receives and processes
daily motion information of a monitored user, gathered
from a data of smartphone sensors.

The system aims to provide a tool for the objective
and efficient monitor the status of a monitored user in
Parkinson's disease context.

The goal of the research is developing connection
between mobile application and cloud platform for
smartphone sensors data transmission for early tremor
symptoms detection. The objectives are:

- developing of configuration of smartphone ap-
plication for sensor data transmission;

- developing of configuration of a cloud platform
for tremor symptoms monitoring.

2. System Architecture

The proposed system allows the monitoring of PD
symptoms remotely by using an application installed on
the users’ own smartphone. The most significant benefit
using of smartphone-based approach is high accessibil-
ity. Smartphone-based approach helps to enable auto-
mated acquisition, transmission, processing and analyz-
ing of the monitored user data. The core of the
smartphone application is the testes to monitor and as-
sess PD symptoms, which consists of active tests, that
are initiated and self-administered by the participants at
various times during the day. The accelerometer and
touchscreen used in these tests. The tests are designed
to measure symptom of motor function, such as tremor.
The system can detect and quantify the motor symptom
of PD such as tremor. The system is used Back4App
platform to data collection, the processing will be done
in the cloud while allowed users can view and manage
all the information related to the monitored user using a
web browser.

The system architecture include
communication channel, cloud storage.

2.1. Cloud platform for tremor symptoms moni-
toring

The Back4App platform is offered as cloud storage
[11]. The platform provides the features discussed be-
low.

smartphone,

Live Query function enables to subscribe to a spe-
cific query, store and synchronize app data in real-time.

JSON Import / Export function help import and
export JSON files using Parse Dashboard.

The function of Manage Parse Server Versions al-
lows ensuring full compatibility between app and server
versions.

Parse Command Line Tool can be used to perform
various actions on your Parse app. It can be used to cre-
ate new Parse apps, deploy Cloud Code to an app, view
all releases, and more.

Back4App platform allows monitoring of several
users.

In order to use the system, users need only have a
smartphone or tablet and Internet access to upload their
data to the server. Any device that logged in with a user
account can then access data from the server through
Wi-Fi or a mobile data network. The system includes an
Internet server that is responsible for storing and pro-
cessing secure data readings.

Thus, the platform allows to reliably track user da-
ta without significantly filling up the phone memory and
using the smartphone's energy resources. The collected
data is stored locally in the memory of the smartphone,
and then transmitted to the cloud via the device, initiat-
ing an authenticated HTTP push request.

2.2. Smartphone applications requirements

Constant breakthroughs in medical sensor technol-
ogy and mobile devices fields, combined with growing
wireless communication capabilities, have made possi-
ble the emergence of new health monitoring paradigms.
A smartphone has many additional abilities like a Wi-
Fi, Bluetooth, infrared, large memory and an operating
system. These technologies make smartphones a per-
sonal device that is not always on but is always some-
where on us providing an always-available computing
environment with many applications that can be used
for continuous health state monitoring.

The mobile application of the personal health mon-
itoring system is used to obtain data on the presence or
absence of tremor symptoms. Data acquisition occurs
when conducting two tests using the built-in mobile
phone sensors described above. The tremor test is per-
formed using an accelerometer and a capacitive
touchscreen.

Also, the developed smartphone application is
used for preliminary processing of the obtained data. It
consists of assigning timestamps to test data. The mo-
bile application store obtained data and processed it in
the internal memory of the phone (in the absence of an
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Internet connection). It is transmitted data to the cloud
using a wireless Wi-Fi or a mobile 2G network.

The experiment run on the conditions, includes fol-
low parameters (but not limited of). The minimum sys-
tem requirements of the mobile application have been
determined. The smartphone app module should run on
Android 4.4 and higher. Minimal requirements to char-
acteristics of smartphone and Internet connection are
presented in Table.

Table
Smartphone Characteristics
Characteristics Requirements
Display 55"
RAM 2 Gb
Internal storage 16 Gb
Wi-Fi connection ~20 Mb/s
2G connection ~473,6 Kb/s

3. Case study

3.1. Active test for tremor symptoms monitor-
ing.

In the current release, the personal mobile sensing
system includes two tests for evaluating motor symp-
toms of Parkinson's disease. They are tremor tests using
an accelerometer and tremor test using a touchscreen.

This is the simplest test performed with the
smartphone at arm’s end. The software for tremor test-
ing via accelerometer performs the following functions:
data acquisition from the smartphone accelerometer;
time-series data preprocessing; sampling; data transfor-
mation for processing and analysis; transferring to the
cloud storage; normalizing the values of the accel-
erometer data array to gravity "g."

The software for tremor testing via the touchscreen
assumes the following operations: user login; data ac-
quisition from the results of spiral test execution; data
processing; data transferring to the cloud storage.

The target object on the screen is a spiral line. User
actions during the spiral test using a touchscreen are as
follows. At the first stage, it is necessary to go over the
spiral on the screen. The person should perform flowing
motion by their index finger and avoid sharp move-
ments as much as possible. On the second stage, the spi-
ral line becomes flashing. The task is the same, to run
the finger along the spiral line.

3.2. Developing setting of a smartphone applica-
tion for data transmission

Developing settings of a smartphone application
for data transmission.

Consider the developing of settings of a configura-
tion for a smartphone application for data transmission.
At this stage, Android Studio [12] is used. In order to
demonstrate the developing of settings of a configura-
tion for data transmission, the accelerometer tremor test
is used. The developing consist of several steps.

The first step is followes. The new layouts for
smartphone application are created as follow. Using
path "app — res — layout" create the following files:
activity accelerometer; activity login; con-
tent_accelerometer; content login.

The next step is checking to create files using path
"layout — New —  Layout resource file". The
"toolbar" was created in follow files: "activi-
ty_accelerometer" and "activity login". The next step is
applied path "palette" — "container" — "AppBarLay-
out". And the next step, the creating "include" in follow
files: "activity accelerometer" and "activity login" with
links to "content accelerometer" and "content login"
respectively. The next one is applied path "palette" —
container — <include>.  Choose  "con-
tent_accelerometer”, use window "component tree", and
do follow constraintLayout— convert view— rela-
tiveLayout— apply. The elements from "palette" placed
on the screen and insert text from brackets on the bot-
tom respectively in the ID field of attributes.

TableLayout
TableRow
textView (txtXLabel)
TableRow
Button (read_btn)
TableRow
LinearLayout (Layout Graph Container)

The "content_login" was be chosen, the button (el-
ement "button") is placed, and the "btn_login" is written
to ID field. In menu file "menu_menu" the element
"item" with ID "action_logout" must be created. The
developing code [13] was copied to res — values —
strings.

3.3. Data transmission to cloud platform using
smartphone application

The free cloud storage platform [11] is used. The
new app was build and key of "Application ID" and
"Client key" are copied. To access the device, the Inter-
net and the ability to data synchronize, determined the
permissions using follow path "app — manifest —
AndroidManifest.xml"[14]. The following line was add-
ed to "AndroidManifest.xml".

<?xml version="1.0" encoding="utf-8"?>
<manifest
xmlns:android="http://schemas.android.com/apk/res/an
droid"
package="com.example.myapplication">

<uses-permission an-
droid:name="android.permission. INTERNET" />
<uses-permission an-

droid:name="android.permission. ACCESS NETWOR
K STATE" />

<uses-permission an-
droid:name="android.permission.GET ACCOUNTS"
/>

<uses-permission an-
droid:name="android.permission.READ PROFILE" />
<uses-permission an-

droid:name="android.permission.READ CONTACTS"
/>

<uses-permission an-
droid:name="android.permission. VIBRATE" />
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The next step is the "Java com.example.appname"
using and the "new — Java Class" choosing, and
following files are created: AccelAnalysis; AccelData;
Login; MainActivity; ParseApp; ParseFunctions;
Statistics.

The configuration settings [15] are used.

For connecting the smartphone application to
cloud storage, the "Application ID" and "Client key"
were added to the ParseApp file.

For correct connecting of the smartphone applica-
tion to cloud storage and data visualization, the libraries
[16] must be copied follow path "app — libs".

The following code was written to
build.gradle(Project: appname).

file

allprojects {
repositories {

maven { url "https:/jitpack.io" }

}

The following code was written to the end of file
build.gradle(Module:app).

dependencies {
implementation 'com.github.parse-
community.Parse-SDK-Android:parse:1.18.5'

}

4. Testing and evaluation

In order to demonstrate the connection reliability
of the monitoring system, the active tests provided on 2
healthy individuals with no previously diagnosed motor
conditions. As a comparison, the tests were also run an
additional 2 times with simulated Parkinson's disorder,
such as tremor. The data was transmitted from
smartphone application using Wi-Fi network to cloud
storage. The time delay of data transmission is up to 1
seconds. The dashboard on Back4Upp platform used for
real-time data visualization. Viewing the real-time data
using a web browser is shown in Fig. 2.

pram

(F=¥) Back4App My Apps

Dashboard  Pricing Help ~

5. Conclusion and future work

We have developed settings of configuration con-
nection of a monitoring system for the continuous home
assessment of PD symptoms, such as tremor, using
smartphone embedded sensors. The configuration con-
nection consists of settings for two components: a
smartphone application and cloud storage. The active
tests were developed to capture a motor disorder, that
indicates PD symptom such as tremor. Initial trials of
the developing demonstrated that the monitoring system
has the ability to real-time data acquisition and trans-
mission using smartphone sensors and cloud storage.

The connection settings developed for the system
proved to be efficient when sensor data transmitted from
the smartphone to cloud storage. The period of time re-
quired to transfer data to the cloud equal to the period of
time less than one second.

In addition, future work will involve developing
and implementation of a technique for tests data pro-
cessing and analysis for PD symptoms detection.
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bepexunuii  O.B., binodopogoBa T.O., Ckapra-
Baunnyposa I.C. Cucrema BingajieHOro MOHITOPMHIY XBO-
poou Ilapkincona: Big cmaprdona 10 xmapHoi miardop-
MH

Xeopoba Ilapxincona - ye noginbHo npozpecyioue 3a-
X80pIoBanHs, AKe GNAUBAE HA PYXOBY AKMUBHICMb, M'S308ull
KOHmponw i banauc. Binbw panne nikysanus mooice 3anobiemu
PO3BUMKY XBOPOOU | NPOOOEHCUMU NPOOPOMATLHYIO a3y 3a-
Xeopioeanhs. Y ybomy KoHmexkcmi OOMAuwiniti MOHIMopune €

NOMEHYILIHO NOMYHCHUM THCIMPYMEHMOM Ol OUCMAHYIIIHOT

oiaeHOCMUKY ma Modice NOANWUmMU Ha0AHHA MeOUdHOi 0ono-
moau. Tpemop € Hatlbinbul ROUWUPEHUM CUMNMOMOM X80POOU
Iapxincona i mae xinvka nepesaz 011 NOCMINIHO20 MOHIMOPU-
Hey ii cumnmonmis. IIpedcmaenena po3podxa piuieHHs Ha Oc-
HOBI CeHcopie cMapmoHis, wo 003604A10Mb 30IUCHIO8AMU
6i00aneHull MOHIMOPUHS CNOCMEPENHCYBAHO20 KOPUCMYBAYA.
Pospobaeno niokmouenns migc 000amkom 0ast cMapmeona i
Xmaphoi niamgopmoro 05 nepedayi OaHux 3 OAMYUKI8 cMd-
pmehona 0na pannbo2o GUAGNEHHA CUMNMOMIE mpemopy. Bono
sKnoyac po3podky Konghizypayii npoepamu 01 cmapmeona

ona nepedaui Oanux 3 0amuuxie i po3podKy Koupicypayii

XMapHOT naam@opmu 01 MOHIMOPUHSY CUMIIOMIE MPEMOPY.
Axmueni mecmu 6yau po3po0OneHi 015 8UABIEHHS PYX08020 PO-
31a0y, AKUL BKA3YE HA cuMnmom xeopobu Ilapxincona, maxuil
ax mpemop. Ilouamkosi eunpobysanus po3spooKu npooemon-
CMPYBATU, WO CUCMeMa MOHIMOPUHEY MAE MONCTUBICIb 6 pe-
anvHomy uaci 3oupamu i nepeoasamu Oaui 3a O0ONOMO2010
damuyuxkie cmapmepona 6 xmaphe cxosuuge. Ilapamempu niox-

JIIOYEHHS, BCMAHOGIEHI Ol CUCIEMU, BUABUTUCS eeKMUBHU-
MU npu nepedaui OaHux OAMYUKA 3i CMAPMBPOHA 6 XMapHe
cxosuue. Ilepiod uacy, HeoOXiOHuil 01 nepedayi OAHUX &
Xmapy, OOPiGHIOE Nepiody uacy menuie 0OHI€l CeKyHOU.

Knrwuogi cnosa: cucmema monimopunzy 300pos’s, 0o-
damok 0na cmapmeonis, xeopoba Ilapkincona, nepedaua oa-
HUX.

Bepexnoii A.B., Beno6opogoBa T.A., Ckapra-
Banayposa U.C. Cucrema yialeHHOT0 MOHHMTOPHUHIa (o-
jge3nn IlapkuHcoHa: or cmaprdoHa Kk o0n1a4yHOH mJaT-
¢opme

FBonesuv Tlapruncona - 3mo MeONeHHO Npoepeccupyio-
wee 3abonesanue, KOMoOpoe Guusem HA O08ULAMENLHYIO aK-
MUBHOCHIb, MblUeuHblll KOHmMpony u 6ananc. bonee paunee
Jleuenue Moxcem npedomepamumy pazeumue 00Ne3HU U npo-
Onumyb NPOOPOMAIbHYIO ¢hazy 3aboneéanus. B smom xonmex-
cme  OOMAWHUL MOHUMOPUHZ ABNAEMCA NOMEHYUATLHO MOUj-
HbIM UHCINPYMEHMOM 0151 YOAIeHHOU OUASHOCIMUKU U MOXNCEM
VAYHUMUmMs oKasanue meouyurckou nomowu. Tpemop asnaem-
¢ Haubonee pacnpocmpanernbim cumnmomom bonesnu Ilap-
KUHCOHA U UMeem HeCKOAbKO NpeumMyuwecma 0isi NOCMOAHHO20
MoHumopunea ee cumnmomos. [Ipedcmaenena paspabomka
peuienuss Ha OCHO8e CEHCOPO8 CMApMEPOHOB, NO3BONAIOUUX
ocyulecmensimy  YOANeHHblll  MOHUMOPUHE — HAOII00AeM020
nonvzosamens. Paspabomano nooxnrouenue mesncoy npuio-
JIcenuem O cmapm@ona u obnaunou niamegopmoil ons ne-
peoauu OGHHBIX ¢ OAMUUKO8 CMAPMPOHA OISl PAHHELO BblAG-
neHus cumnmomos mpemopa. Ono eKkouaem paspabomky
KOH@uUzypayuu npunodxicerus oas cmapmeoua 01s nepeoayu
OaHHBIX ¢ 0AMYUKO8 U Ppa3pabomiKy KOHpuaypayuu 001auHou
naam@opmel 0N MOHUMOPUHEA CUMNIMOMOS mpemopa. AK-
mueHvle mecmoul OblIU pa3spabomanvl 01 6blAGIeHUs 08U2a-
MENbHO20 PAcCmpoucmed, KOmopoe YKa3vleaem Ha CUMNIOM
6onesnu Ilapkuncona, makoi kax mpemop. Hauanohvie uc-
nelmanus paspabomxy npoOeMoHCMPUPOSAlY, Ymo Cucmema
MOHUMOPUHEA UMeem 03MOJUCHOCIb 6 DealbHOM 6peMeHU
cobupamv u nepeoasamv OaHHbIE C NOMOWDBIO OAMYUKOS
cmapmebona 6 obnaunoe xpanunuwe. Ilapamempsl nooxroye-
Husl, paspabomarnvie ONsi CUCMEMbL, OKA3AAUCL dpdexmus-
HbIMU NpU nepedave OAHHLIX OAMYUKA O cMapm@ona é 00-
aaunoe xpanunuwe. Ilepuoo epemenu, Heobxooumvlil Oid ne-
peoauu 0anHbIX 68 001aK0, PAseH Nepuoody epemMeHU MeHee 00-
HOUl CEeKYHObL.

Knioueevie cnosa: cucmema MoHumopuHea 300p0o6bs,
npunodicenue ona cmapmeonos, bonesnv Ilapkuncona, nepe-
0aya OaHHbIX.
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