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ABSTRACT

Since the global health disaster of COVID-19, the health professionals have been looking for new technologies to
monitor and mitigate the number of patients affected by this pandemic. Through this research work, we seek to optimize
the healthcare process of the infectious disease department of a hospital through the proposal of an approach that
integrates 10T devices into the care process model. More generally, we propose the integration of a set of sensors in
business processes and analyze their effect to improve their performance.

To reach our objective we developed a Framework intended for the doctor which aims to group together the different
measurements from the different 10T devices that can be used during COVID-19 health care. We tested the approach by
collecting two different measures which are oxygen saturation and heart rate. These measurements were obtained thanks
to an oximeter. Our approach is valid for a multi-sensor solution with several measured data. We have adopted an
analysis through the decision tree which is one of the data mining techniques in order to facilitate the diagnosis and
improve the process of care against the COVID-19 pandemic.
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1. INTRODUCTION

Business Process Management (BPM) is a mature discipline, involving the identification, discovery, analysis,
design, implementation, execution, monitoring and evolution of business processes (Janiesch et al., 2020).

The trend of the Internet of Things (IoT) has also become very common, helping to automate data
collection. It is a revolutionary technology, which constitutes a networked object world, in which everything
is interrelated and has a virtual form of expression (Pascual et al., 2011). Through the combination of the
Internet, radio frequency identification, real-time positioning, embedded sensors and other emerging
technologies, objects in daily life are transformed into intelligent objects that can perceive, interpret and
respond to the environment (Vermesan fries, 2013).

The internet of things and BPM are considered to be two independent topics in research and practice. On
the other hand, the Internet of Things provides an improvement of the current state of traditional BPM
processes (Janiesch et al., 2020). The combination of Internet of Things technology and BPM method has
brought great benefits in various fields, especially in the field of medical care. More precisely, nowadays,
coronavirus causes many symptoms for infected people. These symptoms can be detected through a set of
medical sensors.

This work combines the internet of things technology and BPM technology to effectively control the
popularity of covid-19. Section 2 describes some of the work in the literature that combines BPM and the
Internet of Things. Section 3 describes the recommended approach. Prototypes and experiments are presented
in section 4 and 5. Then we give an analysis of the data collected from the existing executions of COVID-19
health care processes and we present the corresponding result in section 7. Finally, the conclusion of the
article is presented in section 8.



2. RELATED WORKS

In literature, we find a certain number of works on the integration of BPM and the Internet of Things in
various fields, especially in the field of health, among which we cite the works below.

The paper of (Fernandez et al., 2017) proposes a new model based on BPM strategy, internet of things
and remote sensing to solve the problems of low efficiency of chronic disease clinical process and lack of
integration of medical staff, patients and the process itself.

Research of (Antonius Dachyar, 2020) aims to develop a remote patient heart monitoring system (RPM)
to improve the hospital's heart service. Through business process reengineering (BPR) and management
information system (MIS), the Internet of Things (lIoT) is used to reduce emergency response time and
outpatient treatment time.

This paper of (Al-jamal et al., 2017) proposes an improved process model of monitoring system for heart
disease patients, which simplifies the patient tracking process, realizes remote monitoring, reduces costs and
shortens treatment time. The system uses the Internet of Things technology to help doctors monitor patients
with heart disease remotely and in real time.

This work (Domingos et al., 2020) focuses on reliability, and suggests using the random workflow
reduction (SWR) method to calculate the reliability of BPMN healthcare processes compatible with the
Internet of Things. This method treats hypertension patients by integrating the BAN (body area network
sensor) sensor connected to the patient's body.

These related work deal with diseases other than COVID-19. Moreover, they do not use data mining
techniques for data analysis.

In this context, our contribution in this work is to adopt a combination of BPM and the Internet of Things,
using various medical Internet of Things sensors in the process of treating COVID-19 disease, and using data
mining for the analysis of the generated patients’ data.

3. PROPOSED APPROACH

The basic idea of our approach is to present a way to manage the presence of several 10T sensors in the
BPMN model of the process in the health field. More exactly, the process of monitoring people affected by
COVID-19 is considered, while taking into account the specification of the two domains (IoT and BPM) and
providing the data from the 10T in a compatible way with the process. For that we have developed a general
model of a multi-sensor approach for business process management. This model, shown in Figure 1, is
represented as a BPMN model, which gives it clarity and makes it easy to evolve. It has 5 main steps which
are stepl: choose and model the process, step2: Associate Sensors, step3: Implement the solution, step4:
Execute the process and step5: Analyze the recorded data.
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Figure 1. General model of a multi-sensor approach for business process management

We applied this model as a way to describe our approach to modeling and executing health care
processes. We aim to provide in a first step a process model that includes the integration of 10T elements
which are the main source of data (step 1). The purpose is to provide a coordinated course of care which
ensures the safety of patients who need medical supervision.



In the design phase, the 10T elements in the BPMN model can be positioned as an actor. They can be
called "loT devices", whose main task is to provide specific information in the model to be integrated (step
2). Once the model has been presented, the next step is the implementation (step 3). We need to use technical
tools to help us implement the “To-be Process” model. In the configuration and execution step of the BPM
approach (step 4), the focus is on selecting tools that allows the exchange of data with the 10T sensors. Next,
we need to run the BPMN model. Next, we need to run the BPMN model. Once the process is executed, the
analysis phase can take place (step 5). During this phase, we make sure that the connected objects are
working correctly, it is possible to check whether there are anomalies in the data exchange (example:
slowness or erroneous data), then ensure a uniform structure for the data recorded by the connected objects
and explore them. Finally, performance is evaluated. This phase ultimately leads to improvements to make, if
the results are not satisfactory. Among these improvements, the association of new sensors or changes at the
level of the process model will make it possible to achieve a better performance.

In this work, we consider medical 10T devices such as sensors and actors placed on wireless resources
with limited human intervention. Each of them has measurements generated in a specific application
interface for each sensor. This data can be used in an E-Heath ecosystem to track a patient's physical
condition and digitally monitor vital signs of the body.

Our approach is a multi-sensor approach, especially recommended for doctors. In this approach, the aim
is, for example, to measure the oxygen level and the heart rate of a patient affected by the COVID-19
pandemic. These two values can be obtained using a connected oximeter.

In our work we have collected two different measurements which are the oxygen saturation and the heart
rate thanks to an 10T device which is the oximeter. Our approach is valid for a multi-sensor solution with
several measured data.

4. PROTOTYPE FOR MONITORING PATIENT AFFECTED BY THE
COVID-19 PANDEMIC

It is difficult to treat patients contaminated by COVID-19 pandemic, especially because such patients need to
be isolated and one meter from them should be kept. Given the delicacy of this disease, it is imperative to
provide an improved service and adapt the classic COVID-19 healthcare process. More precisely, we
conducted a case study in the infectious diseases Department of Farhat Hached University Hospital in
Sousse, Tunisia. The main actors involved in this process are administrative agents, doctors and nurses.
Administrative agents are responsible for registering patients and giving them appointments. Doctors and
nurses carry out medical tasks such as PCR tests, measurement of SpO2, heart rate and body temperature.
They are also in charge of monitoring hospitalized patients affected by COVID-19.

In order to realize our proposed solution, we developed a prototype, which is mainly composed of the
Covid-19 disease monitoring framework using the "Symfony" framework in which, patients can be added as
well as all the information necessary for the doctor to make the diagnosis. This Framework is developed in
order to store the oximeter data generated by the “SPO2 assistant” application delivered with the oximeter, in
the database, and also to keep the history of the measurements of each patient and group them all in the same
space. Each doctor has his own profile in this Framework, in which he will save the list of patients who have
symptoms of covid-19 and consult this doctor. When the measurement is finished, the doctor saves the data
in a CSV file then imports this file into the Framework. These measurements become instantly available in
the COVID-19 disease monitoring framework. Each new measurement will be added in the table displayed
on the screen, sorted by decreasing date and also displayed in the form of a statistical curve. After acquiring
the data, the Framework will save the data to the MySQL DBMS system.

Upon connection, the first interface is displayed (figure2). If it's a former patient, the doctor will look for
it. He can search either by: last name/first name or by age or by gender or by chronic disease or by more than
one variable at the same time. Additionally, the list of all registered patients is displayed.
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Figure 2. Patient search and list interface

For each patient the doctor can add his last name, first name, gender, weight, height as well as the names
of the chronic diseases by which the patient is infected and the name of the COVID-19 vaccine taken by the
patient as well as the number of doses taken. Also the doctor can import the different measurements from the
different 10T devices that can be used during an assignment by COVID-19. The imported measurements can
be viewed by clicking on the "Detail™ button in the form of a table and they can also be generated in the form
of a statistical curve as shown in figure 3.
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Figure 3. Presentation of SpO2 and heart rate measurements over time in two different forms

5. EXPERIMENTATION OF THE PROPOSED APPROACH

We tested our proposed approach by respecting the various phases of the BPM cycle. We have chosen to
apply the model of (Weske, 2019). We have chosen as a concrete case the COVID-19 department of the
Farhat Hached University Hospital. Since the treatment of patients contaminated by the COVID-19 pandemic
is delicate, especially since this disease requires isolation and requires keeping a distance of one meter from a
sick person, we have chosen that the improvement will concern the minimization of the contact between the
doctor and the affected patient using one or more connected sensors at a distance of at least one meter and
also we have given an analysis study which helps in the diagnosis of the patient's condition, according to the
values of the SpO2 and the heartbeat. Then it is possible to predict whether the patient is affected by
COVID-19 or not without doing a PCR. Changes and improvements must occur to better facilitate the classic
process of treating COVID patients presented by the BPMN model in Figure 4 which we have called the
“As-Is model”.
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Figure 4. As-1s model: the existing COVID-19 patient monitoring process

This model is triggered when the patient visits the infectious disease department of the hospital and
prescribes it for an appointment. The secretary fills out the patient's medical file and then sends it to the
doctor, who in turn begins the consultation and monitors the patient's state of health. He/she will first
measure the SpO2 level and the heart rate, and then he asks for doing a PCR. If the patient status is very
critical, he can decide to hospitalize him/ here before obtaining the result of the PCR. The patient will in turn
make an appointment for the PCR, wait for the result for a certain period of time, then he/she returns to the
consulting room with the result of the PCR, gives it to the secretary who in turn sends it back to the doctor.

Following this result, the doctor can monitor the patient's condition and specifies medication if the
patient’s condition is not serious. If the case is critical, he/she asks for hospitalization. In these two cases, the
doctor may recommend one or more appointments depending on the improvement in the patient's state of
health.

Our contribution will help doctors make decisions based on SpO2 value and heart rate without using
PCR.

According to the analysis results of the existing COVID-19 monitoring process, we decided to automate
the tasks of filling out medical files and measuring the oxygen level and heart rate using a connected object
which is an oximeter, which is placed on the fingertip and measures the oxygen saturation as well as the heart
rate. Then we developed an application using the “symfony” framework, we chose to name it “COVID-19
disease monitoring framework”. The improved “To-Be process” is presented in figure 5; it allows managing
automatic actions.
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Figure 5. To-Be Model: Improved COVID-19 patient monitoring process



6. ANALYZE DATA RECORDS FROM "AS-IS MODEL"

In order to analyze the behaviour of the process and make improvements, we use the stored data generated
throught execution of the existing process (As-Is model) during a period of time.

So our objective is to analyze the actual progress and execution of the process of monitoring COVID-19
patients in its initial form, at the hospital of Farhat Hached in Sousse. We obtained a real Data Set about
patients who consulted the COVID department at Farhat Hached Hospital in Sousse and went through the
steps of the existing COVID care process. IT includes 64 instances of people who have a negative PCR result
and 438 instances, having a positive PCR result. This data set is created between the years 2020 and 2021
and include all the information of the patients who consulted the COVID service of the Farhat Hached
hospital in Sousse, namely the measurements of oxygen saturation (SpO2) and cardiac frequency (Pulse).

We cleaned the Data set obtained, by eliminating all the lines which contain missing values (missing
data). To obtain a more logical analysis, we balanced the number of people with a negative PCR result with
those with a positive PCR. Finally we obtained a structured data set of 152 instances, among which we have
74 negative cases and 78 positive cases, on which we performed our learning.

In order to discover the useful knowledge required by decision-makers, we applied the data mining
algorithm to the data set obtained from Sousse Farhat Hached Hospital. We chose decision tree technology as
one of the most popular classification technologies. One of the biggest benefits is that it is easy to use and
understand even by non-experts.

We were able to extract knowledge from our Data set by the software “Sipina” using the “A Limited
search induction tree algorithm” method which led to the construction of the decision tree shown in Figure 6.
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Figure 6. Decision Tree for PCR Result of Patients with COVID-19 Symptoms

We describe the results obtained following the application of the decision tree technique for each value of
oxygen and heart rate by the decision rules presented in table 1.

Table 1. Decision rules

Sp02 Pulse PCR

Enough Strong Covid negative (70% cases)

Enough Normal Covid negative (65%)

Enough weak Patients may be Covid positive/negative (50% of each case)
Desaturation Strong Covid positive (79% of cases)

Desaturation Normal Covid positive (82%)

Desaturation weak Covid positive (100% cases)

Insufficient Strong Covid positive (57%)

Insufficient Normal Covid positive (100% cases)

Insufficient weak Covid positive (100% cases)

The extracted rules corresponding to the decision tree have been validated by a medical expert.



7. EXPERIMENTAL RESULT

According to the results obtained through learning from the real Data Set of the Farhat Hached hospital in
Sousse, we were able to propose improvements on the basis of which we defined an improved version of the
process. The improvements we propose concern both the patient and the doctor.

In order to facilitate the diagnosis without loss of time, we first propose to minimize the use PCR tests for
patients when possible. Given the delicacy of this disease, it will be helpful to eliminate the effort of PCR
testing, and mitigate the risk of spreading this pandemic.

Moreover, we offer a decision support system that allows the doctor to make the right choice regarding
the patient's state of health without wasting time waiting for the PCR result.

Following the results of the analysis established on the data acquired by the execution of the process in its
initial form at the COVID-19 department of the Farhat Hached hospital in Sousse, we have developed a
process model based on the analysis of the data of the decision tree shown in Figure 7.
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Figure 7. Enhanced COVID-19 patient monitoring process model

In this model, we decided to replace the fragment including the task of PCR detection, wait for the results
and return to the consulting room so that the doctor can make his diagnosis according to the result of the PCR
and determine the patient's health. All these tasks will be replaced in a way that allows decreasing the waiting
time and offering a quick diagnosis to the affected patient without wasting time.

Indeed, the doctor's decisions based on the PCR result have been replaced in the new model by a set of
XOR-type gateways, based on the evaluation of the values of oxygen saturation (SpO2) and heart rate
(Pulse), in accordance with the obtained decision tree. This made it possible to automate decision-making
relating to the patient's state of health without the need, in most cases, to perform a PCR test.

8. CONCLUSION

We have proposed a general model that integrates 10T sensors into the BPM model, and we described the
approach according to the business process management life cycle proposed by Weske. Then we applied this
model in the field of health particularly in the diagnosis of COVID-19 disease.



We also modeled our approach with BPMN. Then we carried out our approach by developing a prototype
consisting essentially of a COVID-19 disease monitoring framework intended for doctors. Finally, we took
advantage of learning methods to make decision-making automatic in the proposed process. We propose in
this context an analysis through a technique of Data Mining.

Our result is especially valid for people who do not have a chronic disease and have presented symptoms
of COVID-19 and not by other diseases which can influence the severity of COVID-19 and their state of
health. Our analysis can be complemented by adding other variables from measurements of other chronic
disease sensors and studying their effects on COVID-19 symptoms and severity.

This work remains a modest contribution to improving business processes and treating patients infected
with COVID-19. It presents multiple perspectives to better optimize, complement and perfect our proposed
approach. As future work proposals, we suggest to establish interaction with various connected objects. We
can also integrate chronic disease measurement sensors to study the impact of these on COVID-19 and vice
versa. Our prototype can also be improved by including a dashboard through which visualizations of data
mining and process mining results will be displayed and help in decision making.
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