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Abstract

The Independent Health Examination Platform (APKM) aims to assist medical personnel in reducing
the usual initial examination procedures so that further examinations or consultations can be carried
out immediately. The usual initial examinations include measuring body weight, height, body
temperature, blood pressure, oxygen levels in the blood, heart rate per minute, respiratory rate per
minute, and an electrocardiogram to record heart activity. All measurements are carried out in one
station and are equipped with an audio-visual guide. The measuring devices use equipment with a high
level of precision and work automatically so that they can be used by ordinary people. The equipment
used in APKM includes scales and LIDAR sensors to measure weight and height. Additionally,
equipment such as oximeters, thermometers, and blood pressure monitors are used to measure heart
rate, body temperature, and blood pressure. The examination results obtained from these devices need
to be consulted with a doctor. This research proposes the development of APKM for telemedicine so
that patients who have conducted independent examinations can directly consult with a doctor
regarding their examination results.

Keywords: APKM, consultation, doctor

1. Introduction

The Covid-19 pandemic has changed the daily behavior of mankind a lot (Drury et al. 2021)(Corpuz
2021). Worries about contracting Corona disease and the government’s policy of limiting going out of
the house are forcing people to change old habits into new behaviors. Shopping behavior, teaching and
learning, work, and many other activities are carried out online. The spread of the Covid-19 virus has
also made people very careful about visiting health centers such as polyclinics or hospitals. Besides that,
gueues at hospitals also create crowds of sick people who have the potential to spread the virus. To get
health services at a hospital or health clinic, patients must patiently wait for several hours. The large
number of patients that must be served and several examination procedures that must be carried out by
doctors, this is what makes the service time at the hospital long. Before consulting a doctor, a patient
first carries out an initial examination by medical personnel to obtain data on blood pressure, heart rate,
oxygen in the blood, weight and height. Queues at this initial inspection stage must of course be avoided,
because crowds have a great potential for spreading the Covid-19 virus. According to the results of a
scientific publication at Wuhan University, the Covid-19 virus can float in the air in the form of an
aerosol, so it can be spread when a carrier coughs. sneezing, screaming, and talking (Liu et al. 2020)(Ong
et al. 2020). Apart from being related to preventing the transmission of the virus during a pandemic,
currently patient medical data is still in the form of manual recording data written by medical staff on a
card which is then handed over to the doctor when consulting. This manual examination by medical
personnel certainly takes a relatively long time because officers must take measurements and record
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each patient one by one. This can lead to queues and buildup of patients(Queen Elizabeth Enahoro et al.
2023).

This queuing problem can be accelerated in patient handling without reducing examination
procedures. With the development of medical device technology, it is easy for patients to check their
health independently. Various sensors related to medical measurements have been produced, including
blood pressure sensors, temperature sensors, weight sensors, and sensors for measuring height. When
connected to the Internet of Things (loT) technology, the data from each of these sensors will be
something extraordinary. 10T prioritizes the speed of data from connected equipment then stores and
processes this data on the hospital database server which can also be accessed by patient smartphone
applications. Several companies have developed self-examination equipment including POD(Lupton
2017).

Currently, medical electronic sensor technology supported by IoT makes it possible to reduce
gueues for manual checks carried out by medical personnel. According to Skyttberg, the use of
automatic machines can increase the speed of serving patients (Skyttberg, Chen, and Koch 2018). For
this reason, the Telkom Institute of Technology (IT Telkom) Surabaya in collaboration with Airlangga
University Hospital (RSUA) in 2021 has made a prototype of the Independent Health Pavilion (APKM).
This pavilion has facilities for checking vital signs of health (health vital signs). Patients can carry out
examinations at the independent health examination platform (APKM) provided in the hospital waiting
room. The pavilion has the features of an initial examination which are generally carried out by a doctor
which actually can be carried out independently by a patient with a non-severe illness. Equipped with
an audio-visual user guide facility, it makes it easier for patients to carry out independent examinations
(Rusdianawati et al. 2021). This equipment is also connected to the hospital database server so that it
can store examination results immediately and can be accessed by doctors.

The APKM development proposed in this study is the addition of communication facilities so that
patients can carry out remote consultations with doctors. With this facility, patients do not have to come
to a health center or hospital and meet a doctor in person. Patients only need to come to the health
pavilion near their home to do a health check and consult with a doctor. For doctors, this facility can
make it easier because they can serve patients anywhere with internet access. In addition, this can reduce
direct contact between patients and doctors and health workers so as to prevent the spread of infectious
diseases.

2. Methods

This study used an object-oriented approach in the development of Independent Medical
Examination Platforms (APKM). There are several stages that must be passed, including needs analysis,
design, implementation and testing. Each stage is carried out in order to produce a product that suits the
needs of patients in medical examinations. Figure 1 illustrates the research methodology utilized in this
study. The process commences with an in-depth analysis of requirements, followed by detailed system
design. Subsequently, the system is realized through practical implementation. The next stage involves
integrating various necessary devices and conducting comprehensive testing to ensure optimal system
performance prior to the final phase.

Requirement . . Integration and
Analysis ]—)[ System Design ]—)[ Implementation ]—)[ Testing

Figure 1. Research methodology

2.1 Requirements Analysis
The initial stage of the construction of the Independent Health Examination Platform (APKM) is
the requirements analysis stage. A requirements analysis is carried out to find out every detail of the
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requirement that must be provided in APKM. The requirement analysis consists of the definition of the
requirement along with the specification of the requirements. The definition of requirements is a
definition of the needs that must be provided in APKM. While the requirements specification is a
detailed specification or what must be provided and done from the definition of requirement (Tukur,
Umar, and Hassine 2021)(Arora and Bhatia 2018). The process of requirement analysis entails a
comprehensive sequence of actions, commencing with extensive interviews and firsthand observations
that actively engage both doctors and medical staff. Table 1 describes the definition and specification of
the requirements that must be provided in the APKM.

Table 1. Requirement Analysis

No Requirement Definition

No

Requirement Specification

D001 Patients can access APKM by S0101

attaching patient cards and facial

recognition

D002 Patients can check weight and height

D003 Patients can check body temperature

D004 The patient can check oxygen saturation

and heart rate

D005 The patient can check blood pressure

D006 The system provides guidance to

patients during the use of APKM

S0102

S0103

S0104
S0201

S0202

S0203

S0301

S0301

S0401

S0402
S0403

S0501

S0502

S0503

S0601

S0602

The system performs data matching
between the RFID reader and the patient’s
face

APKM system performs facial recognition
of patients

The camera sensor captures an image of the
patient’s face

RFID reader reads affixed patient card

Sensor load cell converts weight into an
analog electrical signal which will be
converted into a digital value using an
analog to digital converter (ADC)

Sensor Light Detection and Ranging
(LIDAR) will detect the distance between
the patient’s head and the sensor

The system displays the results of checking
the patient’s weight and height on the
display

Thermal cameras send patient’s body
temperature after logging in

The system displays the results of body
temperature checks on the display

The patient places one finger on the
Oximeter

Oximeter Sensor sends test results

The system displays the results of oxygen
saturation and heart rate checks

The patient places his arm on the blood
pressure meter

The blood pressure meter sends the
patient’s systolic and diastolic values
System displays systolic and diastolic
values

The system displays videos on the use of
each examination tool

The system issues an APKM usage guide
sound for each type of examination
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No Requirement Definition No Requirement Specification

D007 The system can store the results of all S0701 The system provides a database of
patient examinations examination results

S0702 Every patient examination result can be

accessed by doctors and medical personnel

D008 The system provides a teleconference S0801 The patient is provided with a video call
between the patient and the doctor button with the doctor on duty
S0802 The doctor gets a call notification from the
patient

2.2 Use Case Diagram

Use Case Diagrams are used to describe interactions between system users (actors) and use cases
that are adapted to predetermined steps (scenarios) (Sills, Ranade, and Mittal 2020). Figure 2 shows the
use case diagram on the APKM system. The use case diagram explains who the actors are in the APKM
system and the work that can be done. In the first stage, the patient actor is required to place the patient
card on the RFID reader sensor. Then the camera will capture the patient’s face and identify the patient
and match the facial data with the data stored on the patient card. The first examination that can be done
by the patient is a height and weight check. The patient stands in the recommended position, then the
load cell sensor detects the patient’s weight and the LIDAR sensor detects the patient’s height. The
second examination is a body temperature check, where the thermal camera sensor sends the patient’s
body detection results to the system. The third examination is checking oxygen saturation and heart rate.
The patient attaches one of his fingers to the oximeter sensor, then the oximeter sensor sends the
examination results to the system. The fourth examination is checking blood pressure. The patient places
his arm on the sphygmomanometer, then the sphygmomanometer sends systolic and diastolic values to
the system. The system can display the entire inspection results. Examination results can be accessed by
medical staff and doctors on duty. After the patient has completed the examination, the final stage is a
consultation with the doctor by pressing the consultation button provided. Doctors will receive calls
from patients using APKM.

2.3 Sequence Diagram

Sequence diagrams describe the interactions between objects in and around the system (including
users, displays/forms) in the form of messages depicted against time (Morikawa, Omori, and Ohnishi
2018)(Sajeev and Wibowo 2003). There are 6 sequence diagrams created. Sequence diagrams are made
to explain interactions between objects contained in the APKM system. Figure 3(a) shows a sequence
diagram of the patient login process. Where there are patient actors, RFID reader sensors and camera
sensors. This sequence shows that the patient can successfully log in if there is a match between the
patient’s ID card and the patient’s face. Figure 3(b) shows a sequence diagram of the process of checking
height and weight. The sequence diagram starts with the patient actor who checks the height and weight,
then the load cell sensor sends the patient’s weight and the LIDAR sensor sends the patient’s height.
This sequence produces objects in the form of the patient’s height and weight. Figure 3(c) shows the
sequence diagram of checking the patient’s body temperature. The thermal camera sends the patient’s
body temperature data to the system. This sequence produces body temperature objects. Figure 3(d)
shows a sequence diagram of checking oxygen saturation and heart rate. The oximeter produces the 2
objects needed, namely the oxygen saturation and the patient’s heart rate. Figure 3(e) shows a sequence
diagram of a blood pressure check. There is a tension meter sensor that sends 2 objects, namely systolic
and diastolic. Figure 3(f) shows a sequence diagram of the process of consulting a patient with a doctor.
There are 2 actors, namely the patient and the doctor. In this sequence, there are objects in the form of
consultation results.
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Figure 2. Use case Diagram
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Figure 3. Sequence diagram (a) login, (b) check height and weight, (c) check temperature, (d)
oxygen saturation and heart rate, (e) check blood pressure, (f) online consultation

2.4 Class Diagram

Class diagram is a static structure diagram in UML that describes the structure of a system by
showing system classes, their attributes, methods, and relationships between objects (Sulaiman, Ahmad,
and Ahmad 2019)(Al-Fedaghi 2017). Figure 4 is a class diagram of the APKM system. In the class
diagram there are 9 classes that will be used in system implementation. These classes include Patient,
Doctor, Medical Staff, Load Cell Sensor, Oximeter, Thermal Camera, RFID, LIDAR,
sphygmomanometer and Result. Each class has its own attributes and methods.
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=l Doctor =

Medical Staff

+ idDoctor: int()
+name : String()
+ Foto : String()

+ idStaff: int()
+name : String()
+ Foto : String()

+ getCall(idPatient) + getResult()

+ getResult()

= Load Cell Sensor = Patient

+ weight : float() + idPatient: int()

= RFID

+idCard : int()

+name : String()
+ Birth : date()

+ JK : char()

+ Foto - String()

+ setWeight(weight): float

= LIDAR + login(idcard, face)

+ setCall(idPatient, idDoctor)

— + heignt : float()

+ loadData(idCard): int

= Thermal Camera

+ temperature : float()
+ patientFoto : img()

+ setHeight(height): float

- ]

d Sphygmomanometer = Oximeter

+ systolic - int() + heartrate : floal()

+ loadData(patientFoto): int
+ setTemperature
(patientFoto) : float

= Result

+ diastolic : int() + oxygen saturation : float()

+ setTensimeter + setOxi
(systolic, diastolic): int (heart rate, oxygen saturation)
int

+ temperature : float()
+ weight : float()
+ height : float()

+ heartrate : float()

+ oxygenSaturation : float()
+ systolic : int()

+ diastolic : int()

Figure 4. Class diagram
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Figure 5. User Interface Design of Self-Health Examination Pavilion for Health Consultation (a) The
form of APKM, (b) Login, (c) Examination page, (d) Result page

Based on the design stages that have been carried out, implementation is carried out using the Java
language. The first implementation stage is to install each sensor and inspection tool in the APKM box.
Figure 5(a) is the form of APKM. The APKM provides a monitor screen that can be operated by touch,
so that hospital patients can easily use it. Each stage of using APKM is provided with voice guidance.
Figure 5(b) is the user interface for the login page on APKM, where patients are instructed to place their
ID cards. Furthermore, the camera will automatically detect the patient’s face and synchronize it with
the data on the ID card. If a match is detected between the id card and the patient’s face, the page will
move to the examination page, as shown in figure 5(c). Furthermore, the patient will carry out each stage
of the examination, starting from checking height and weight, checking body temperature, checking
heart rate and oxygen saturation, then checking blood pressure. The final stage is an online consultation
with the doctor on duty. Every patient examination result data can be accessed by doctors and medical
staff. Figure 5(d) is the user interface of the inspection results. The user interface displays all the results
of the medical examinations that have been carried out by the patient. Figure 6 is the user interface when
the patient has an online consultation with a doctor.

1729 28 W e =

« Agora Flutter QuickStart

-—

Figure 6. User interface: Online consultation
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4. Conclusion

The independent health examination platform (APKM) is designed to facilitate patient services in
consulting with doctors. APKM aims to accelerate the queuing process in hospitals and reduce direct
contact between patients and medical staff or doctors. By using APKM, patients can perform various
health checks independently, such as measuring height and weight, checking body temperature,
measuring oxygen saturation and heart rate, and checking blood pressure. After completing these
examinations independently, patients have the option to proceed with a teleconference or online
consultation with the doctor on duty, enabling medical consultations without the need for direct
meetings.

The next research will focus on evaluating the effectiveness of APKM in improving healthcare
service efficiency in hospitals and its impact on patient satisfaction. This study will involve analyzing
APKM usage data, conducting interviews with patients and medical staff, and measuring various
performance indicators such as patient wait times, the frequency of teleconference feature usage, and
patient health outcomes. Thus, a deeper understanding of the benefits and challenges of implementing
APKM in the healthcare system is expected to be obtained.
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