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1. INTRODUCTION

The Coronavirus disease (COVID-19) pandemic which was declared by the World Health
Organization (WHO) on January 30, 2020 [1] has had a tremendous impact on every nation in the last few
months, including Indonesia. A month since the announcement of the first case of Coronavirus disease,
known as COVID-19 in Indonesia, there has been a significant increase, reaching around 2000 people
infected with the virus throughout Indonesia, and around 50% in the Special Capital District of Jakarta
(DKI Jakarta) Province. This number is likely to increase because the number of positive patients with
COVID-19 is currently still increasing. This is very concerning because medical personnel and health
workers are needed to treat patients during the COVID-19 pandemic that has occurred around the world.

COVID-19 patients who experience mild and moderate symptoms who are hospitalized must enter
isolation rooms. Quite a number of patients with the condition are still able to carry out their normal
activities. They must be monitored by doctors and nurses for several days until the COVID-19 test negative
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results are declared healthy and can go home. The treatment of COVID-19 patients in hospitals requires
frequent contact of doctors and nurses with patients in terms of patient visits and consultations with doctors,
measurements of body temperature, blood pressure and heart rate of patients carried out by nurses, delivering
medicines by nurses, delivering food and drinks and other equipment by nutrition officers. With frequent
direct contact with patients, the chances of being infected are higher. Also, with the limitations of personal
protective equipment (PPE) and to reduce the interaction of medical personnel and health workers with
patients, a facility is needed that can be used to serve patients without the need for direct contact, so as to
reduce exposure to the COVID-19 virus.

Based on this problem, a tool that can be controlled by the operator is needed to replace doctors and
nurses coming to the patient so that direct contact with the patient can be reduced. Increases in the
application of automation and medical robotics occur every day [2]-[5]. There are several previous studies
regarding healthcare robotics. As implemented in the Polyclinic of Modena (Italy) [6], Humanoid companion
robot for patients [7], assistive robot [8]-[11], end-effector wheeled robotic arm [12], automation and control
system in medical sector [13]-[15], and also a robot with a rehabilitation function and motion assitance [16]-[23].
In addition, there are also robots with slightly different goals, namely to disinfect the environment using UV
light which can also be applied for healthcare purposes [24].

From some of the results that have been described, the main function needed in designing this tool is
the accuracy in every movement, such as in a multi degree of freedom (DOF) surgical robot which requires a
minimum error in every movement [25]-[27]. Communication is used so that doctors and nurses can interact
directly with patients remotely. Then, to help provide for the patient's needs, a device that can be controlled
remotely is needed to serve the patient's needs such as food, drink and medicine. From some of the known
needs, it is concluded that this development is a robot that can be controlled remotely to help doctors and
nurses interact and serve the needs of patients in isolation rooms.

2. RESEARCH METHOD
2.1. Development model

The application of supporting tools for handling COVID-19 patients has received special attention
from researchers around the world. The approach taken in this study adopts the Pressman Development
model. One of the development models by Pressman is the waterfall model or often referred to as a linear
sequential model [28]. Pressman argues that the waterfall development model contains an approach that can
be used to support sequential and systematic development. The waterfall model has 4 stages, namely
Analysis as a process of gathering needs, design to translate requirements into quality hardware and software
representations before development begins, development as a means of implementing design to be translated
into hardware and software, and Tests to test the functions and benefits of product development. The
waterfall model can be viewed from the flow chart in Figure 1.
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Figure 1. Development model adopted from waterfall model by pressman [28]

Based on Figure 1, the most important thing to do to start this research is need analysis.
Identification of needs is carried out in order to identify real needs and problems that occur in the field to be
resolved. In this stage, information is collected to create a robot development flow. Information gathering
was carried out by means of a focus group discussion (FGD). The FGD was carried out by discussing with the
user, in this case the hospital health worker, to find out the functional requirements of the robot being made.

After the needs have been obtained, then the design is carried out to map the technical aspects of
hardware and software. Hardware design is carried out more on mapping the power supply requirements,
electronic circuits, control systems, and other required peripherals. As for the software, it is done more on
mapping the needs of the user interface, networking, and operating system for robots.
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Furthermore, after the hardware and software design is determined, the robot manufacturing process
is carried out. The robot working process is divided into hardware and software work. Hardware work is
done by making a printed circuit board (PCB) board consisting of 2 boards, namely the power supply board
and the control board. Then the software work is done by creating a microcontroller program code on the
control board and, making desktop software, and also making a server for internal video conferencing
without using the internet.

After the robot manufacturing stage is carried out, then the testing phase is carried out on the robot.
Testing on the technical aspects is carried out on the speed test with and without load, the distance
measurement test on the 3 sides of the robot (front, right, left), control distance testing, and motor
performance testing. Testing on non-technical aspects is carried out by means of a feasibility test. The
feasibility test was carried out with a descriptive statistical approach. The purpose of this test is to determine
the feasibility of the robot made for implementation in the field. Quantitative data is in the form of calculated
and/or measurement results and can be processed by adding it up and then comparing it with the expected
number so that a percentage is obtained. The percentage is determined by the following calculation:

Total Actual Score
TOtal Ideal Score

Percentage (%) = x 100% (@)

Analysis of numerical data in this activity uses a likert scale, because the likert scale is more reliable when

compared to the single-team scale [29]. After the percentage measurement scale is formed then the data is
grouped according to the percentage achieved and interpreted into the score conversion table as in Table 1.

Table 1. Score conversion

Percentage (%) Criterias
10076 Very Feasible
75-51 Feasible
50— 26 Not Feasible

25-0 Very Infeasible

2.2. Hardware

Good hardware is very influential on the running of the robot. There are several blocks of important
components used in making this robot hardware. The component blocks implemented in the manufacture of
this robot include connection blocks, sensor blocks and liquid crystal display (LCD) indicators, main motor
driver blocks, stepper blocks and main switch connections, charger blocks, and safety blocks. Power supply
used 2 batteries with 12v 20Ah capacity arranged in series. The power supply is used to supply power to all
electronic hardware systems.

Robots are supported by connectivity between sensor, microcontrollers, microcontroller controls,
tablets, and robot cameras with a personal computer (PC) or Laptop in the control room. There are 2 ethernet
shields and an IP camera connected to the access point. The function of the ethernet shield is as an
intermediary for sending and receiving data to and from the microcontroller. The robot system block diagram
can be seen in Figure 2.
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Figure 2. The robot system block diagram
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The microcontroller used in this study were 2 Arduino Uno with ATMega 328p as main controller.
The use of these 2 microcontrollers is for receiving data from desktop applications on a laptop/PC to control
the robot, and also sending sensor and camera data to desktop applications. The robot in this study is also
equipped with a motor driver using the BTN 8982 IC with a constant current capacity of 30A to drive a
reduced 24v 300rpm DC motor with 1:3 gears. Then, to install all these components, stainless steel SUS
304L is used as a box panel and frame and robot tray. The detail of medical robot, controller board and
overall design of the hardware and robot mechanics can be seen in Figure 3.
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Figure 3. (2) Medical robot, (b) Controller board, (c) Mechanical robot design
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2.3. Software

The software designed in this study includes desktop applications for laptops/PCs as well as robot
operating system (OS). Desktop applications for laptops/PCs were developed using the basic programming
language using visual basic IDE 6. As for microcontroller programming, the Arduino IDE v1.8.12 was used
in this study to support the development of robot OS with C-like programming language because of its
simple use [30]-[32] compared to using raspberry pi [33]. In addition, a server to support internal video
conferencing was developed using Jitsi Meet. Jitsi Meet is an open source platform for video conferencing from
www.jitsi.org [34], [35].

2.4. Programming

There are 3 programming carried out in this study including coding development for
microcontrollers as receivers and processing control data from desktop applications to robots, coding
development for microcontrollers as processing and sending sensor data from robots to desktop applications,
and developing coding for desktop applications itself. Broadly speaking, the robot's logic can be interpreted

as shown in the flowchart Figure 4.
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Figure 4. System flowchart
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3. RESULTS AND ANALYSIS
3.1. Robot system testing result

There are 4 technical testing criteria carried out in this study, including speed test with and without
load, distance measurement test on 3 sides of the robot (front, right, left), control distance testing, and motor
performance testing. The following are the results of technical testing.

3.2. Robot speed test with and without load

Robot running a test with load and without load is carried out to determine the speed performance of
the robot against the load carried. 12.59 kg of the metal load has been used to test the robot. robot speed test
results data with and without load can be seen in Table 2. Based on the data obtained from the robot speed
test with load and no load, it can be concluded that there is a slowing speed that is not too significant, namely
at 0.43s with an average percentage of slowdown of 8.96%.

Table 2. Robot speed test with load and no load
Testing time (s)

1 2 3

No Load 8.17 805 8.5

With Load (12.59 kg) 857 849 8.50

Testing (within 5m)

3.3. Distance measurement test on 3 side of robot (rear, right, left)

Robot distance measurement test is carried out to determine the accuracy of the measurement
distance from the distance sensor to the actual distance. The data from the distance measurement test results
on the 3 sides of the robot (front, right, left) can be seen in Table 3. Based on the distance measurement test
data on the 3 sides of the robot (front, right, left) it can be concluded that the accuracy rate is close to perfect
with an accuracy percentage of 99.62%.

Table 3. Distance measurement test on 3 side of robot (rear, right, left)
Distance Measurement Right Sensor  Left Sensor  Rear Sensor
Monitor Display Average 518 520 520
Actual Average Distance 516 518 518

3.4. Robot control distance test

Robot control distance testing is carried out to see the performance of the robot controlled remotely.
Robot control distance test was carried out with 2 experiments. In the first experiment the robot runs well at a
distance between rooms as far as 35.2m. The second experiment is also went well and remained connected
via the access point at a total travel distance of 56.8m. The first and second experimental schemes can be
seen in Figure 5.
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Figure 5. Robot controlling distance test experiment scheme: (a) first experiment and (b) second experiment
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3.5. Motor performance test

Motor performance testing is carried out to see the significance of the increase in motor temperature
before and after work. In this study the Fluke Tis40 Thermal Imager was used to measure the temperature of
the right motor and left motor. Test data can be seen in Figure 6. Based on the motor test data before and
after working, the motor temperature did not increase significantly from 24.9 to 32.9 °C. It can be represented
that the increase in temperature is only 32.13%.

3.4. Feasibility test result

The feasibility test in this study is based on the usability aspect assessed by users based on the FGD
results. Responses from usability aspects were collected by means of a questionnaire with several points
representing the sub-aspects of operability, understandability, attractivenes, and learnability. Feasibility test
data can be seen in Figure 7. By data shown in Figure 7, the total mean of the feasibility score is 91.46 out of
100 points. In other words, from the data in the table, the percentage of feasibility can be represented using
the equation previously described (2).

32.9°C

C e o B
© (@

Figure 6. Motor temperature testing: (a) left motor before working, (b) left motor after working,
(c) right motor before working and (d) right motor after working
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Figure 7. Feasibility test result
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Total Avg.Point

Feasibility = x 100%

Total Max.Avg.Point
TR 91.46

Feasibility = o0 X 100%

Feasibility = 91.46% 2

Based on the results of the feasibility test, it can be represented that from each assessment item after
being converted into qualitative data, all aspects of the development study of healthcare mobile robot for
helping medical personnel in dealing with COVID-19 patients are included in the very feasible category to be
used with a percentage of eligibility, amounted to 91.46%.

4. CONCLUSION

Overall, the testing of healthcare mobile robots for helping medical personnel in dealing with
COVID-19 patients is good and very feasible. This can be concluded from the good technical and non-
technical testing. From technical testing related to the movement of the robot with a load of 12.59 kg, it only
experienced a slow speed which was not too significant, namely at 0.43s with an average percentage of
8.96% deceleration. In addition, the accuracy rate of the proximity sensor testing is close to perfect with an
accuracy percentage of 99.62%. The robot control distance was monitored and the test was running well.
Also, the increase in motor temperature which is not too big is supported by the measurement results of the
increase in motor temperature of only 32.13%. From non-technical testing, based on the test results from the
feasibility test of all respondents with 25 indicators, the results of the development of this study reached an
eligibility level of 91.46%. In other words, healthcare mobile robots developed for helping medical personnel
in dealing with COVID-19 patients very feasible to be applied in the hospital.
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