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ТЕХНИЧКИ ЕЛАБОРАТ 

Information system for collecting and visualizing medical 
signals - the basis of smart remote medicine 

Introduction 

Recent advancements in electronics, miniature sensors and wireless communications have enabled 
production of low-cost devices capable of measuring different physiological measurements in 
hospital and home environment. Nowadays, an increase in life expectancy and an increase in 
population has been observed in almost all developing countries. As a consequence, there exists 
an increase in the incidence rate and chronic diseases. This was particularly visible especially 
during 2020. corona virus pandemic, where it has been shown that patients with chronic diseases 
were more likely to progress to severe condition. During corona virus pandemic, where large 
number of patients could not be treated in the hospital environment due to the lack of available 
resources, remote healthcare was one of the options to track patient condition at home, to be able 
to react in a timely manner if the patient condition is worsening and hospital healthcare is 
required. Moreover, in normal situation, remote healthcare could enable the elderly and the 
disabled to live independently as much as possible in their homes. With this approach, the aim is 
to put intelligent devices in patient’s home, in order to monitor their physical condition and daily 
activities in a non-intrusive manner. Internet of Things (IoT)  represents one of the main pillars in 
order to support this new way of providing remote health care, by collecting large amounts of 
data, their local processing and communication with the patients and medical centers. In such a 
way, it complements caregivers of the elderly and sick, thus improving patient’s life quality and 
safety. Finally, it allows them to stay in the home environments for longer periods of time without 
incurring significant costs to the patients and the healthcare system. 

Проблем који се техничким решењем решава: 

Problem definition 

In this report, we show the general architecture of the IoT remote healthcare system, and present 
more details regarding implementation of the smartphone application aimed at remote 
measurements of the patient’s head tremor. The architecture shown consists of the main building 
blocks: Signal acquisition and data collection: whose goal is to sense and transmit different 
measurements of patient vital signs, as well as environmental data that may be relevant for the 
analysis. It usually consists of one or more biomedical sensors such as blood pressure, 
temperature, heart-rate sensors, and so forth, which collect the measurements and send them via a 
wireless connection to the subsequent data collection unit; Communication infrastructure: whose 
goal is to transfer the data from the signal acquisition and data collection block to the subsequent 
data storage and analysis; Data storage and analysis: which is usually implemented as a cloud 
server, due to cost-effectiveness, ease of configuration and scalability; and Data visualization: the 
final block which is in charge of visualization of the analysis and results to the end-user (patient or 
doctor). 
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Стање решености тог проблема у свету: 

State of the art solutions 

The trends of increased life expectancy and aging population share in most of the countries are 
expected to result in an increased incidence rate of chronic diseases and disabilities. This will 
require healthcare systems to adopt new ideas in organization and advancements of the medical 
procedures [1]. Efforts in providing tailored Internet of Things (IoT) remote healthcare 
architectures have inspired innovative applications and have provided tremendous progress in this 
field. Smart remote healthcare is a promising IoT application area, that will undoubtedly bring 
significant benefits to citizens. In particular, such applications will allow remote delivery of 
healthcare services, and as a result bringing significant cost savings in addition to allowing 
patients to live independently in home environment for longer periods of time. Novel smart 
healthcare architectures are expected to benefit from big data and deep learning [2]. The design 
and deployment of such systems is not a trivial task. Therefore, open research problems in the 
area of IoT, have attracted the attention of many researchers. 

IoT sensor devices in smart remote healthcare are used to provide reliable measurement, control, 
and analysis of patient’s health parameters, such as blood pressure, oxygen saturation, the 
electrocardiogram (ECG), blood glucose level [3][4][5]. The collected data are then aggregated, 
preprocessed by extracting the features and communicated to the Cloud or Fog for further 
examination or use by machine intelligence algorithms and accessed by the users. Measurements 
acquisition is the first step of an IoT remote healthcare system, which collects patient’s 
physiological and environment signals, primarily through low-range networks. A variety of 
communication protocols have been considered in the literature in order to address diverse smart 
healthcare applications. In particular, Bluetooth Low Energy (BLE) [6], Radio Frequency 
Identification RFID [7], ZigBee [8], and Near Field Communication (NFC) [9] have been adopted 
by the majority of such solutions.  

There is no doubt that IoT technologies are transforming the area of healthcare by enabling new 
ways of interaction between doctors, patients, and medical devices. In particular, the application 
of IoT in healthcare can bring many benefits to all involved parties. Depending on the target end-
user, the IoT healthcare applications can be grouped as follows: 

 Healthcare IoT for Hospitals is expected to propel the further use of IoT in the healthcare 
field. In particular, by e.g. tagging different hospital assets such as defibrillators, 
respirators, and monitoring equipment, their location can be tracked in real-time, and the 
optimal use of resources can be achieved. In addition, if the medical staff location is also 
being tracked, there is also a possibility to optimize their engagement and easily locate 
them in the case they are urgently needed. Finally, collection and analysis of such data 
could help hospital management to improve the overall organization and use of resources. 

 Healthcare IoT for Patients provides patients with personalized healthcare utilizing 
different wearable devices such as inertial sensors [10], activity trackers [11], glucose-
level meters [12], heart-rate and blood pressure monitoring sensors [13]. These devices are 
used to track patient’s vital indicators in real-time, perform local data analysis and to store 
the historical data in the cloud. Based on these measurements, the patients are given 
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personalized suggestions on how to improve their medical condition, while at the same 
time potentially life-threatening conditions can be detected on time.  

 Healthcare IoT for Doctors provides them with real-time information regarding the health 
conditions of their patient in the hospital. In addition, in home environment it allows them 
to keep track of the health condition of the patients, which was not possible until the 
advent of remote healthcare IoT. In addition, the collected data regarding the patient’s 
health condition enables the use of advanced machine learning techniques, to predict the 
illness evolution and identify the optimal therapy.  

 

 

Опис техничког решења са карактеристикама, укључујући пратеће 
илустрације и техничке цртеже: 

In order to support the remote healthcare applications, the IoT healthcare system has been 
designed to be flexible. In Figure 1, we show the general architecture of the IoT remote healthcare 
system. It consists of the following blocks: 

 Signal acquisition and data collection: the aim is to collect and and transmit different 
measurements of patient vital signs, and environmental data that may be relevant for the 
analysis. This block usually consists of one or more biomedical sensors such as heart-rate 
sensors, blood pressure, temperature, which send the measurements via a wireless 
connection to the subsequent data collection unit. The signal acquisition components shall 
be designed to be portable, energy efficient and non-intrusive. Besides, this block can also 
perform local pre-processing by extracting different signal features before sending the data 
to the main data storage and analysis block.  

 Communication infrastructure: aims to transfer the data from the signal acquisition and 
data collection block to the subsequent data storage and analysis. Depending on the 
availability of communication networks and the requirements of the underlying data ( 
latency, bit-rate), this block could use 4G, cable Internet,Wi-Fi, etc. 

 Data storage and analysis: is usually implemented as a remote server, due to cost-
effectiveness, ease of configuration and scalability. The main purpose of this block is to 
collect and store data from different data collection units deployed in the patients’s homes, 
perform demanding data analysis by using different signal processing and ML algorithms, 
and enable access to such data by different users. In addition, data privacy protection shall 
be ensured in order to prevent any possible misuse of highly sensitive healthcare data. 

 Data visualization: represents the final block which is in charge of communication of the 
results of the analysis towards the end-users. This block is usually implemented as a form 
of web, desktop or mobile application, which may be aimed at either healthcare 
practitioners or the patient itself. In such a way, the patient is informed about its healthcare 
condition in a timely manner. 
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Figure 1 Architecture of IoT remote healthcare system. 

TremorSense Android application 

In the sequel, we will present more details regarding the implementation of Android application 
TremorSense which has been developed for collection of tremor signal measurements from 
Node+ sensing platform [14] (signal acquisition and data collection block). Android operating 
system has been selected since it widely adopted by users and provides support for all the 
functions required by data aggregation block (mobile network connectivity, open source libraries, 
Bluetooth connectivity to Node+).  

TremorSense mobile application has been developed by using Android Java framework in 
addition to using the following Java libraries: 

 A Chart Engine: Java library capable of creating different kinds of graphs (e.g. line chart, 
area chart, bar chart, pie chart, combined chart). It supports a number of configuration 
options to define line width, color, style, in addition to possibility to present static as well 
as real-time data. 

 Event Bus: an open-source library for Android and Java using the publisher/subscriber 
pattern for loose coupling, as shown in Figure 2. By using Event Bus we were able to 
support central communication to decoupled classes with just a few lines of code. In such 
a way, the code was simplified, dependencies were removed, and the development was 
faster. In addition, Event Bus eased the communication between different Java classes. 
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Figure 2 Event Bus publish/subscribe pattern 

 Node+ connection and communication library: provided by the company that created 
Node+ sensing platform. This library enables Bluetooth connection to Node+ device, 
device configuration and measurements transfer from the device to mobile phone. 

Within AndroidManifest.xml file, a number of application permission have been defined, in order 
to support different functionalities required by the app: 

 <uses-permission android:name="android.permission.ACCESS_NETWORK_STATE" 
/> - Allows applications to access information about networks. 

 <uses-permission android:name="android.permission.INTERNET" /> - Allows 
applications to open network sockets.  

 <uses-permission android:name="android.permission.BLUETOOTH" /> - Allows 
applications to connect to paired Bluetooth devices. 

 <uses-permission android:name="android.permission.BLUETOOTH_ADMIN" /> - 
Allows applications to discover and pair Bluetooth devices. 

 <uses-permission 
android:name="android.permission.WRITE_EXTERNAL_STORAGE" /> - Allows an 
application to write to external storage. Necessary to write files with the acquired measurements before 
sending them to the Data storage and analysis block 

 <uses-permission android:name="android.permission.RECORD_AUDIO" /> - take 
video of the patient simultaneously with audio recording 

 <uses-permission android:name="android.permission.CAMERA" /> - take a video of 
the patient 

Only one Android activity has been created – MainActivity, which contains all the application 
functionalities. In order to provide a more fluid user experience, MainActivity contains a number 
of Android Fragments, where each of them is in charge of separate functionality: 

 Patient data input: provided in the form of a dialog, where the user inputs the patient id, so 
that all the measurement associated to the given patient are grouped. 
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Figure 3 Patient Id edit dialog 

 Bluetooth device list: which shows the list of Bluetooth devices in the range of the mobile 
phone. The list is interactive and it allows the user to select a specific devices, so that the 
application can connect to it and start streaming the measurements. Once the user clicks on 
the specific device, the following actions are performed 

o The application ensures that the Bluetooth is turned on 

o The state of the device is changed (if it is already connected, the application 
disconnect, and vice versa) 

o When the application successfully connects to the selected Node+ device, it is 
highlighted in red in the list, as shown in Figure 4. 
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Figure 4 Bluetooth device list fragment 

 Measurements fragment: which shows different measurements acquired by Node+ sensing 
device. In addition to measurements shown in real-time (acceleration, angular speed and 
magnetic field), this fragment also shows the camera view, so that simultaneously the 
recording of the patient can be made. This is necessary, since it would allow the doctor to 
compare the measurements with the video recording, so that they consider only those 
measurement that correspond to correct patient state and not the artifacts. 
Measurement fragment is shown once the user presses the “signal” button at the top of the 
screen (see Figure 4 top). As a result, the application performs the following actions: 

o Patient id and body location id parameters are taken, in order make the correct 
naming of the files containing the measurements. 

o The empty files are created 

o Graphs that will shown different measurements are initialized 

o Listeners for each of the measurements (acceleration, angular speed, magnetic field 
and orientation) are created 

o Each time a measurement is received from the Node+ device, a new point is added 
to the real-time graph and the measurement is saved in the specific file. 

o Once the measurements acquisition is stopped, the measurements are uploaded to 
the remote server 
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Figure 5 Measurements fragment 

In order to test the application, we have first performed a number of measurement trials in a 
laboratory environment at Neurology Clinic, Clinical Center of Serbia. This initial step allowed us 
to identify the best parameters that could be used to monitor the patient’s condition and progress 
of disease. 

In Figure 6, we present the modulus of angular velocity for patient that suffer the spasmodic 
torticollis before (top figure) and after (bottom figure) receiving botulinum toxin therapy. 
Botulinum toxin therapy is normally applied to such patients, since it temporarily paralyzes the 
muscle that is the main cause of the tremor. Currently, the patients are able to provide own 
opinion about their symptoms, which is highly subjective and error-prone. By using the proposed 
application, we were able to objectively quantify the improvement of the symptoms by observing 
the angular velocity speed signal. As can be seen from the Figure, the botulinum toxin therapy has 
significantly decreased the magnitude of the head dystonic tremor. 
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Figure 6 Angular velocity before and after receiving Botulinum toxin 
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