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This article discusses the instrumentation system of airlangga robotic triage
assistant version 1 (ARTA-1), a robot used as a contact-free triage assistant
for Coronavirus disease (COVID-19) suspects. The triage process consists of
automatic vital signs check-up as well as the suspect’s anamnesis that in
turns will determine whether the suspect will get a specific care or not.

Measurements of a suspect’s vital conditions, i.e. temperature, height, and

weight, are carried out with sensors integrated with the Arduino boards,
Keywords: while a touch-free, hand gesture questions and answers is carried out to
complete anamnesis process. A portable document format (PDF) format of
the triage report, which recommends what to do to the suspect, will then be
automatically generated and emailed to a designated medical staff.
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1. INTRODUCTION

Coronavirus disease (COVID-19), discovered in 2019, is a disease caused by the severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2) virus. It is highly contagious to human regardless of
age [1], but people with weak immune systems, such as the elderly, pregnant women, and young children,
have a higher risk of being infected [2]. Researchers found that SARS-CoV-2 can adapt and mutate in the
human body, making it highly infectious and the world is currently witnessed its unprecendented
transmission rate [3]. As of 24 December 2020, World Health Organization (WHQ) reports 79,313,541
confirmed COVID-19 cases worldwide, with a total of 1,742,765 deaths. Meanwhile, according to the
International Council of Nurses (ICN), there are nearly 300,000 medical workers are infected with
COVID-19 globally [4].

Data collection on early examinations for COVID-19 patients has been done in the referred hospitals
throughout Indonesia. The results showed that 28% of patients were taken with isolative measures, while
62% of them had not been clearly categorized as people under surveillance or patients under surveillance or
people without symptoms [2]. Such an alarming statistic calls upon better data management, especially in
handling COVID-19 suspects. Furthermore, limited personal protective equipment (PPE) use by paramedics
during initial COVID-19 screening increases the chance of transmissions due to full contacts between
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suspects and medical personnels, compared to other triage processes [5], [6]. Therefore, a contact-free
solution, such as the use of teleoperated robots, is urgently needed.

The use of teleoperated robots for medical purposes has been discussed by several reseachers.
Chang et al. utilized a robot to do a simple triage on victims of a mass-casualty incident [7]. Tsumura and
coworkers also reported a teleoperative robotic platform capable of performing lung ultrasonic scanning for
infected patients [8]. To address the anxiety of the frontline paramedics, and most importantly to provide
better protection for them, as well as to suppress COVID-19 chains of transmission, herein, we present the
robotic triage assistant as a contactless solution for initial COVID-19 screening and further organize patient’s
classifications.

Innovation is needed to reduce the risk of transmission of the virus from patients to medical
personnel. In this research, the innovation is made in a medical assistant robot. This robot is a substitute for
medical personnel in carrying out the triage process of each patient suspected of COVID-19. All body
condition measurements and triage processes are carried out without contact between the user and the device.
The triage results from the robot are used by medical personnel to provide further treatment to users related
to handling COVID-19.

2. RESEARCH METHOD

This research carried out in several stages; the first was a literature study in the field of
instrumentation and public health issues involving doctors who determined which vital signs needed from the
users/suspects, as well as the types of questions on the anamnesis process. All of them were built into a
reliable system design to carry out and execute user's triage process and meet the medical standards. This
medical standart depends on patient’s condition which categorized in some indicators.

The built system combined hardware assembly, microcontroller programming to gain access to
sensor data collection, and desktop application programming which included interfaces, processing and
analyzing data from sensors, anamnesis algorithm, and generating triage reports. Analysis of measurement
and detection of each sensor is carried out by comparing the readings with the standards.

2.1. Anamnesis process

Anamnesis is an active communication, a form of communication that goes beyond empathic
communication, or a dialogue between medical staffs and patients to collect medical history of patients.
The purpose of such process is to identify the patient’s medical problem and to conduct an appropriate
diagnosis [9], [10]. In general, the most common diagnosis done by doctor is performed to action or a
mandate from medical personnel. It is the doctor's ability to treat the patient due to insufficient medical
knowledge [11] and [12].

2.2. System design

Figure 1 shows the system design depicted as a block diagram. This robot system or automation
system interacts with the user through different sensors and a liquid crystal display (LCD) to measure the
user's body temperature, weight, and height. The temperature reading is carried out using a non-contact
MLX90614 type temperature sensor [13], [14], while the weight is quantified using a LCS-2160 type load-
cell. A long-distance time-of-flight (TOF) integrated sensor, VL53I1x type [15], [16], is employed for
measuring the user’s height parameter. There are two E18-D80NK adjustable infrared switchs used in here,
one is to detect the user's presence and the other is to detect the user’s hand swipe when answering questions
during anamnesis process.

Non-contact
Temperature sensor User
interaction
Infrared Distance A
Sensor (Body Height) v
Infrared Distance Sensorl | Arduino Microcontroller |, | , & o
I (Body Presence) | » Board <—>» Computer > Ul Display
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(Hand Swipe) Email Medical
R mail Medica
PDF Report provider Operator

Weight sensor

Figure 1. System block diagram
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All sensor readings are regulated by the Arduino microcontroller board to execute user’s command
created on the computer [17], [18]. It is also used as the core for measuring the vital signs of the user's since
its specifications are suitable for real-time processing [19], [20]. Microcontroller boards such as Arduino
have also been widely used for instrumentations and control applications in the medical field [21]-[30]. User
interactions, triage processes, and report generations are controlled by desktop application, from which a
triage report in portable document format (PDF) format will be produced and emailed to the medical
operator.

2.3. Analysis of measurement

The analysis of the measurements and readings of body parameters was carried out by
characterizing the sensors used by considering two factors, namely precision and accuracy. Precision is the
factor that shows how consistent an instrument gives a certain value from multiple measurements, which can
be indicated by the standard deviation obtained from each measurement. In terms of measurement, accuracy
is also the main factor affecting the performance of a sensor. Accuracy shows how precise an instrument in
giving a certain expected value obtained from a standardized instrument. The comparison between standard
and test values will give a percent error with a limit of 10% value that indicate how accurate the test
measurement is.

3. IMPLEMENTATION

The implementation of this research consists of several parts to build airlangga robotic triage
assistant version 1 (ARTA-1). An electrical design that shows the wiring connection of all electrical
components for both sensors and microcontroller boards. Firmware workflow is embedded on the
microcontroller board.

This firmware is made to manage the calibration process, data retrieval, and data transmission for
processing in the desktop application. For the anamnesis process, it will be discussed in the desktop
application section. Sensor characterization is carried out to ensure the precision and accuracy of the readings
on the user’s body condition parameters. Figure 2 shows ARTA-1 visualisation as a ready to implemented in
both engineering design (Figure 2 (2)) and actual display (Figure 2 (b)).

Body height sensor

Non-contact
temperature sensor

LCD 15inch

l Hand gesture sensor

Body weight sensor

\ 4

(@)
Figure 2. System design of ARTA-1: (a) engineering design, (b) actual design

Figure 3 shows the functional diagram of the robotic triage assistant system in assisting paramedics
to conduct an automatic, non-contact early clinical examinations from COVID-19 suspects. First step is
obtain user identity by scanning his/her national identity card. From this step machine got the data of civillian
registratrion number, name, birth date, and age. The second step is obtain user’s body condition by measuring
temperature, body weight, and body height. The third step is doing the anamnestic test, and then calculate the
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binary result of the test. The fourth step is displaying the triage result and create a document, then send it to
paramedic for next treatmen.

ARTA 1
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D % = e
Body condition Anamnestic Treatment
et * P i 7 P * Triage result .reconunendation
L)
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visual monitoring of treatment Recorded data
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Figure 3. Functional diagram of the system

3.1. Electrical design

Figure 4 shows a wiring diagram for an outside computer interface system connected to a
microcontroller board. This interface is operated using a 12 V, 20 A power supply in which it also used for
sensors, microcontroller boards (Arduino Mega 2560 and Arduino Nano), and a relay. Infrared distance
switch sensors used for detecting hand gesture are accessed by an Arduino Nano number 1.
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Figure 4. Wiring diagram of microcontroller system interface used in ARTA-1

These sensors are able to detect objects within 3-80 cm distance. Another Infrared distance switch is
operated by Arduino Nano number 3 to control the relay where it activates the Thermopile sensor to avoid
overheating. The Thermopile sensor uses type of MLX90614, which is an infrared thermometer for
non-contact temperature measurements. Both the IR sensitive thermopile detector chip and the signal
conditioning ASIC are integrated in the same TO-39 can. Integrated into the MLX90614 are a low noise
amplifier, 17-bit analog-to-digital converter (ADC) and powerful digital signal processor (DSP) unit thus
achieving high accuracy and resolution. Both the Thermopile sensor and cell module are connected to
Arduino Mega. In terms of connection to Arduino Mega, the former uses an inter-integrated circuit (i2c)
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connection, while the latter uses data clock communication pins. In the other hand, the load cell has
measurement range from 0 to 150 kg. The VL53L1X is a state-of-the-art, time-of-flight (ToF), laser-ranging
sensor, enhancing the ST FlightSense™ product family. It is the fastest miniature ToF sensor on the market
with accurate ranging up to 4 m and fast ranging frequency up to 50 Hz.

3.2. Firmware for microcontroller

There are three Arduino Nano and one Arduino Mega 2560 which carry out each measurement or
detection of the user's body parameter, Figure 3. Each Arduino board requires firmware designed separately
for each measurement, Figure 4. The first detection is carried out in the presence of a user and is controlled
by Arduino Nano number 3. As illustrated in Figure 5 (a), if the distance switch detects an object within 30
cm range, Arduino Nano number 3 will make the relay active. Activation of this relay will start the
Thermopile MLX90614 sensor and load cell controlled by the Arduino Mega 2560 with the workflow
illustrated in Figure 5 (b).

Height measurement is controlled by Arduino Nano number 2 with the workflow depicted in
Figure 6 (a). The anamnesis process using two distant sensors to detect the hand swipe is controlled by
Arduino Nano number 1. Its workflow is depicted in Figure 6 (b). If the right sensor indicates LOW logic,
then Arduino sends the "NO" command to the application. On the other hand, if the left sensor denotes LOW,
then Arduino sends the command “YES” to the application. The command "NO" or "YES" represents the

user's hand swipe when answering each question.

Measure body
temperature
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Iz digitalRead(5) = LOW?
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Figure 5. Work flow diagram for; (a) detecting user in front of monitor screen and
(b) measuring body temperature and body weight
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Figure 6. Work flow diagram of; (a) measurement for body height and (b) hand gesture detection
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3.3. Anamnesis process

In this robotic assistant, anamnesis is the main process is carried out automatically in the third phase
of the operation. This process is performed by asking user questions about their health conditions and the
history of their involvement with people affected by the COVID-19 virus. Users who are given this treatment
are male and female at the age of 20 to 30 years. Questions are raised on the monitor screen and the user is
required to answer yes or no by waving his/her left or right palm in front of the hand gesture sensor.

3.4. Desktop application

The work of this application is based on the functional process described in Figure 2 using Python
programming. First, this application instructs the microcontroller to detect the user's presence in front of the
screen. If detected, the system will move to the second stage, namely scanning the user's ID card from which
user data is obtained automatically. In the third stage, measurement of the user’s body temperature, weight,
and height will take place and the dataset will be stored in an array.

The fourth stage is anamnesis process that involves user interaction using hand gestures. A total of
10 questions will be asked to the user visually on the monitor screen. On each question, the application
commands the microcontroller to perform hand gesture detection. If a left-hand gesture is detected, then the
answer is yes, the high (or 1) value of binary data will be stored in an array, and vice versa. In the final stage,
an anamnesis algorithm will be performed to determine the end-user status using the binary data
configuration obtained. The application will automatically generate report containing actual data and user
status in a PDF form. Then the file will be sent to the medical operator's email.

3.5. Sensor characterization

This characterization is implemented on three sensors; MLX90614 sensor module for measuring
body temperature without contact, load cell with HX711 module for measuring body weight, and VL5311x
for measuring height. The measurement outputs from these three sensors are compared with that of respective
standard measuring instrument. After both the test value and the standard value are obtained, a regression
equation is created that connects the test and standard values. Standard devices used herein are Infrared
Thermometer from Nankai for measuring body temperature; HN-289 from omron for measuring body
weight; and SH-2A, stature meter from GEA for measuring body height. The regression equations for each
body measurement described in (1), (2), and (3):

Vtemp = 0'97xtemp +1.28 )
Yweight = Xweight T 0.63 @
Yheight = _1'15xheight + 205.36 3)

To test the precision, each sensor is calibrated with a standard measuring medium. The standard
measuring instrument is also calibrated in similar way. This test was repeated ten times on a person with a
measured body temperature of 36 + 0.2°C, a height of 168 + 3.2 cm, and a bodyweight of 66.3 + 1.9 kg. To
test the accuracy, each sensor is calibrated with a different object. The same test is also performed onto 31
people using standard measuring instruments as a comparison.

4. RESULT AND DISCUSSION
4.1. Vital signs reading

This test is carried out to callibrate the sensor. The test done for the same distance, + 30 cm from the
forehead of the respondents, on both the installed Thermopile MLX90614 sensor and the standard infrared
thermometer. For accuracy test, the measurements of body temperature have a maximum error of 0.78%,
Figure 7 (a). A standard deviation of 0.3 is obtained for the precision factor of the body temperature
measurements, depicted in Figure 7 (b). The second measurement is the respondent's body weight using four
load cell sensors, with a maximum load capacity of 200 kg, placed at corners of the stepping frame at a
distance of 20 cm from the center of mass.

The accuracy factor test in shows that the measurements of body weight have a maximum error of
3.48%, Figure 8 (a). The precision of the body weight measurements, as shown in Figure 8 (b), produces a
standard deviation of 13.4. For height measurement test, the user’s height measurement results from ARTA-1
are compared with the actual height measured manually.

In terms of accuracy factor, Figure 9 (a) shows that the measurement of body height parameters has
a maximum error of 10.1%, while its precision factor exhibits a standard deviation of 5.08, Figure 9 (b). As
can be seen in Table 1, the body temperature measurement performance is excellent with an accuracy and
precision of more than 99%. Error in body weight measurement maybe due to the position of the stepping
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frame does not fit exactly with the center of mass, which makes the respondent does not step directly on the
sensor for accurate and precise measurements by the system. Lack of accuracy and precision in body height
measurement is likely due to the sensor laser beam does not hit the end of the user's head when measurement
happened. The lighting condition, i.e. reflections from surrounding may distub the laser beam path, hence
affects the accuracy of sensor readings.
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Table 1. Accuracy and precision test result

Measurement Sensor Average error  Accuracy (%)  Standart deviation  Precision (%)
Body temp.  Thermopile MLX90614 0.36 99.44 0.30 99.70
Body weigth Load cell 3.48 96.52 134 86.60
Body height VI53Ix 1.47 98.53 5.08 94.92

4.2. Hand gesture reading

As mentioned in the previous section, the hand gesture detection feature is used in the anamnesis
process for the users to answer ten anamnesis questions without touching the ARTA-1 machine, simply by
waving his/her palm to the right or left, instead. Testing the two distant sensors was carried out successfully
to ensure that the detection can be made at a distance of of less than 18 cm from the sensors. The gesture
speed must also be relatively slow to be detected. With these sensors, detection of hand gesture reach 100%
of accuracy.

4.3. Overall operational device

The robotic triage assistant (ARTA-1) is powered by 220 VV AC and uses a UPS unit to protect the
entire device from a sudden power failure. The core of this device is a computer that supply powers to all
microcontroller and sensor boards to run the triage application as depicted in Figure 3. User interface (Ul)
design is made to be informative and attractive to users, including the placement of all sensors also provides
convenience for users Figure 10. Further, all information related to user data and triage results will be sent
and stored to medical personnel automatically. All these will certainly make the work of medical personnel
easier and reduce the risk of transmitting the COVID-19 from patients to medical personnel and vice versa.

SELAMAT DATANG
DI RSUA

Figure 10. User interface display for ARTA-1

5. CONCLUSION

The design of the instrumentation system on the robotic triage assistant (ARTA-1) has fairly good
performances. Measurements of body temperature have an accuracy and precision of over 99%. Bodyweight
measurements provide a modest precision at 86.60%, with a fairly high accuracy of 96.52%. Bodyweight
measurements also showcase a good performance with an accuracy of 98.53% and a precision of 94.92%. A
pair of distant sensors, used in detecting hand gestures during anamnesis process, show a smooth
performance at a radius of less than 18 cm. The use of these sensors have been adopted based on the need for
safe, comfortable, and touch-free triage checking for COVID-19 suspects to ease the work of medical
personnel and reduce the risk of COVID-19 transmission.
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