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Abstract - The preliminary health tests of patients in the
hospital are carried out by doctors. This requires them to be in
contact with the patient which may unknowingly expose them
to contagious diseases and it wastes their invaluable time for
tests which are primitive in nature. This also increases the
waiting time of other patients in the hospital and these lead
times can stack up to delay urgent medical treatment of the
patients with severe illness. The present guidelines of the
World Health Organization amidst the ongoing pandemic of
COVID-19 strongly suggest social distancing among humans to
curtail the spread of the novel coronavirus. The objective of
this project is to minimize the contact and the time of
interaction between doctors and patients for preliminary tests
which can be conducted autonomously by developing an
Autonomous Smart Medical Assistant Robot for contactless
preliminary testing of patients. This project uses Autodesk
Fusion 360 software for the design and testing of the robot
and Arduino IDE for control and programming. The robot can
also be used as a companion for patients and to transport
other medical supplies to both the doctor and the patients.

Key Words: Coronavirus, Autonomous Robot, Contactless,
Design Concept, RFID Tags

1. INTRODUCTION

The project aims to provide a contactless testing method
to the doctors in hospitals to conduct initial health check ups
like measuring the body temperature of the patients, their
heart rate, pulse rate and oxygen levels. This paper was
conceived as a result of the observations made during the
ongoing pandemic of COVID-19, wherein the doctors are
having to be in contact with the patients in order to test and
treat them, thereby increasing the risk of a community
spread. There is a strong requirement of contactless
technology for the testing of patients to prevent spread of
highly contagious disease like the novel coronavirus. The
robot contains sensors like Oximeter MAX 30105 to measure
the blood oxygen saturation and heart rate of the patients as
a preliminary test criteria.

2. LITERATURE REVIEW

A few research papers related to medical robots have
been reviewed and the following references show influence
on the design of the smart medical assistant robot. Marcin
Zukowski et al [1] have developed a humanoid medical
assistant and companion robot dedicated to children
hospitals. They have focused on the robot being able to
express emotions and communicate with the children by
recognizing their faces and using pictures and text on the
chest display to tell stories and present educational videos.
The ‘Bobot’ autonomously navigates through hospital rooms
and performs simple medical tests like measuring patient’s
body temperature or heart rate and sends live video feed to
the doctors and nurses. The robot is run using ODROID XU
and XU4 with Ubuntu 14.04 operating system and has a
dedicated Raspberry Pi 2 computer to animate the robot’s
eyes.

Marcin Zukowski et al [2] presented the implementation
of patients’ temperature measurement system for the
medical robotic assistant. They have experimented with
MLX90614 infrared thermometer and FLIR Lepton thermal
camera and found out that the MLX90614 infrared
thermometer cannot be used as the only input source of the
system and to get more accurate results, robot would need to
come as close as less than 0.3 metres to a patient’s face. To
overcome this they created a hybrid system having infrared
thermometer along with thermal camera to provide ambient
temperature and approximate skin temperature that can be
used to detect presence of humans in front of the robot.

Kaveh Bakhtiyari, Nils Beckmann and Jiirgen Ziegler [3]
have proposed a non-invasive contactless Heart Rate
Variability (HRV) measurement with Respiratory Sinus
Arrhythmia (RSA) correction. They have incorporated
Infrared and RGB cameras to measure the heart rate signal,
and a 3D Depth sensor has been used to capture the human
respiratory signal to correct the calculated HRV with RSA.
They have performed correlation analysis by different
methods and devices to find an appropriate method for HRV
calculations based on the required accuracy and application.
Contactless heart rate variability sensors can become an
important part of sensors for preliminary health tests. Sachit
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Mahajan, Prof. Vidhyapathi C.M [4] have designed a medical
assistant robot which helps the patient to carry the necessary
medical equipment along with them. They have created a
person following robot assistant which provides support to
the patients. The robot uses a Pixy image recognition sensor
for person detection and ultrasonic sensor for obstacle
avoidance.

Azeta Joseph et al [5] have presented an overview of the
current and potential applications of humanoid robotics in
healthcare settings. Their paper describes various
characteristics required in humanoid robots in healthcare
such as presence of vision system, sensing behaviour, mobile
platform and the ability to perform dexterous manipulation
tasks. We explored similar human assistant robots available
in various roles as helpers for the patients in hospitals.[6-10]

The scope of the present study is to design a smart
medical assistant robot by exploring various contactless less
sensor technologies. The robot should be compact for
efficient handling and incorporate a quick learning real time
environment recognition technology for its locomotion in a
crowded hospital.

3. DESIGN AND DEVELOPMENT

A detailed study has been carried out for the design of
various components of the robot. The major systems of the
robot include the mechanical aspect, electronic sensors and
circuitry and the user interface and user experience of the
robot with human beings. The robot is designed for the
preliminary health check up and also as an assistant for the
patients and doctors. To utilize the space present inside the
robot structure, it is modified to accommodate a specially
designed compartment for material handling and
transportation of medical supplies to the doctors and
patients.

3.1 Mechanical Design

The design of the robot was inspired from the viewpoint
that it being an assistant to the patients of all ages, it should
be appealing, approachable and also friendly towards them.
To achieve this, a humanoid design concept was found to be
the most suitable. The robot features a spherical head with a
headphone featured on it to enhance the aesthetic look.
Robotic arms are added on either side of its shoulder to
complete the humanoid look. They also double as a support
structure to hold the material handling tray which can be
used to transport medical supplies as well.

A 20x20mm T-slot Aluminium extrusion is used for the
internal support structure of the robot because aluminium is
lightweight and provides sufficient strength. Keeping the
future scope in mind it gives flexibility and modularity as the
extrusion is easily replaceable and adjustable to
accommodate changes in the components.

For the outer casing of the robot a polypropylene
thermoplastic is selected as the robot is designed for use in
hospital premises and hence requires the use of medical

grade plastics. The casing material used should be dust free,
biocompatible, eco-friendly, be durable for long term, should
not react with chemicals present in hospitals and also be
resistant to corrosion and high temperature so as to
withstand the high wear and constant sterilization that the
hospital equipments are subjected to.

The robot has a 600mm circular base of wood on which
all the components are mounted. A wooden base is selected
as it provides strength and also doubles as an insulator
between the metal structure and the electronic components
to prevent short circuiting. A combination of two driving
wheels and two idle polyurethane wheels are selected for
the stability and motion of the robot. Three idle casters are
added on the perimeter of the base to make the robot steady
and to prevent toppling. The batteries are placed on the base
of the robot to keep the centre of gravity of the robot as low
as possible.

Yutaka Hiroi and Akinori Ito [11] studied the influence of
the height of a robot on the comfort of verbal interaction.
They clarified the comfortable height for verbal interaction
and then studied what degree of vertical change from this
height would be acceptable. From which they concluded that
the comfortable height of interaction with robots should be
lower than human height or human eye level for both the
standing and sitting postures. The most suitable height was
when the robot’s height from the floor surface was around
300mm lower than the human'’s height from the floor surface
to eye level. Besides, raising or lowering the robot by
100mm does not adversely affect the comfortableness of
interaction. Although if it is raised by 300mm or lowered
200mm, the dialog becomes uncomfortable. Change in
distance from human to the robot does not have any effect
on the comfortable height for dialog. The average height of
humans in India is 5.25 feet (1600mm) and taking
aforementioned findings into consideration, the robot height
is set at approx 4 feet (1200mm).

The aesthetics of the robot are designed keeping in mind
the need for it being approachable and appealing to all ages.
It should be a companion for the patients rather than just a
machine. The outer casing design is kept as simple as
possible for ease of manufacturing of the casing and also due
to sanitary conditions required in the hospital. The design
features consists of an automatic sanitizer dispenser
machine at the back of the robot which is deliberately
designed to make the task of refilling the sanitizer efficient
by simply removing the empty bottle and replacing with a
new one. This methodology is adapted instead of a concealed
sanitizer dispenser to avoid repeated reopening of the robot
casing to refill and also to eliminate accidental leakage of
fluid inside the robot casing. The robot also has a tray and a
concealed compartment incorporated for efficient material
handling and transportation of important items such as
patient files and medicines to the doctor as well as the
patient. The design of the medical assistant robot is shown in
figure 1 and 2 respectively.
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Fig 1. Front and Side View of the Medical Assistant Robot

Fig 2. Rendered Isometric View of Medical Assistant Robot
3.2 Electronics and Hardware

The electronics and hardware of the robot are the most
significant working system which governs the functional and
non functional service delivery of the mobile robot. The
robotis equipped with two 12 V lead acid batteries of 7.2 Wh
capacity which is charged via a XHM601 charging module,
this ensures over charge and discharge protection and a
stable power supply for charging. The batteries are mounted
on the circular base to ensure stability of the robot through
equal weight distribution. The base has two DC motors
connected to the wheels having 60kgcm torque which is
used for the locomotion of the robot and are controlled using
an H bridge motor driver L293D. The development board
used for governing the robot is Arduino Mega R3, based
upon Atmega2560. The board is capable of handling the
sensors required efficiently and offers a wide range of
libraries for programming.

The robot features a RFID MFRC522 module to identify
patients and create a temporary unique profile of the

patients. SG-90 Servo Motor is aided with a crank and slider
mechanism to dispense sanitizer for the patient before and
after his preliminary checks to ensure sanitation of the
patients. It also houses MAX 30105 which is a Pulse and
Oximeter sensor for taking key health statistics from the
patient and a ISD1820 Voice Recording Module for the
patients to describe their symptoms. For contactless
temperature sensing the robot has been accommodated with
MLX90614 Infrared Thermometer. To facilitate easy data
collection from the patients, the robot features a 10.1 inch
TFT module which can display a custom GUI. The
connections of the electronic components are shown in
figure 3.

RFID MFRCS22 module TT Touth Screen Display

MAX 30105 Oximeter
G Itrosonic Sensor

-

0ee

S6-90 Servo Motor

0C motor

Voice Recording Module
(1SD1820]

Fig 3. Component connections to Arduino Mega R3 2560
3.3 User Interface and Experience

The user interface (Ul) has been designed keeping the
robot - human psychology, dialogue comfortness,
ergonomics in mind and to ensure approachable and
appealing interaction between the two. The interface is
dynamic in terms of the feedback received from the patient
and provides questionnaires accordingly. Figures 4 (a) and 4
(b) show the user interface of the touch screen display which
is used to interact with the patients.

MedBot Chat

@
@

Please note that the information from this
chat will be used for monitoring and
further analysis of your health and
disesase diagnosis

Please select all the symptoms you are
experiencing

Fever Vomiting Body Pains Cold

Joint Pains Diarrhea Cough Throat pain

Fig 4 (a). User Interface of touch screen display
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Fig 4 (b). User Interface of touch screen display
3.4 Working

Upon entering the hospital premises, the patient is
assigned a temporary RFID tag which is scanned by the robot
as a temporary identity and transaction for the patient. The
robot identifies and avoids obstacles using the ultrasonic
sensor. [t instructs the patients to sanitize their hands using
the automatic sanitizer dispenser mounted on the back. Only
after using the sanitizer, the patient is able to continue the
process forward. This is done to prevent unnecessary spread
of contagious viruses through the touch screen display
present on the robot. The robot then reads the temperature
of the patient using an infrared thermometer and asks the
patient to place their finger on the Oximeter MAX30105 to
collect important data regarding their heart rate, pulse rate
and blood oxygen saturation level. Through the touch screen
display, the patients are then enquired about their travel
history and present symptoms or allergy history. These data
are collected using a voice recording module and are directly
sent to the doctor. The doctors have live access to the patient
and their data. An integrated storage compartment and tray
are present on the robot for material handling and transfer
of medicines or medical reports to the doctor or the patients.
Figure 5 describes the working protocol of the medical
assistant robot.

Patient enters Hospital ‘ He goes to the reception for - He is issued a RFID Tag along with the
premises appointment Doc ID registered

Patient interacts with Reception initiates the action of the He’s allotted a location (X) D
the bot _ nearest or the bot concerned with _ to occupy in the waiting

(RFID Scan)

!

Enter your medical - Body Stats - Heart Stats ‘ Data Acquisition

symptoms

Location (X) lobby.

End - Consultation _ Data sent to Doctor

Fig 5. Working protocol of the Medical Assistant Robot

4. CONCLUSION

The design of the smart medical assistant robot has been
presented in this project. The internal structure of the robot
has been tested for safety with aload of 500N (50kgs) using

Ansys and Fusion 360. The outer casing of the robot was
chosen to be made of medical grade plastics to maintain the
global medical standards of sanitation and being
biocompatible. The components are designed and selected
with consideration to reduce the weight of the robot and at
the same time be safe and efficient. The current scenario
requires innovative contactless solutions to prevent the
spread of contagious diseases. Our project has the potential
to be a viable solution for this. The fabrication and testing of
the robot is the next stage in this project. Real time
environment recognition technologies like LIDAR and SLAM
can be implemented along with Artificial Intelligence and
Machine learning to make the robot adaptive to changing
environment and being more approachable to the patients.
Speech recognition technology can be used to understand
the feedback from patients of different backgrounds and
help interact with them more efficiently in the future.
Accurate heart rate measurement through image processing,
facial recognition and retinal scanning techniques can also
be implemented for the identification of patients and for
advance contactless tests.

REFERENCES

[1] Marcin Zukowski, Krzysztof Matus, Dawid Kamienski,
Krzysztof Kamil Sadowski, Kamil Guz, Mirostaw
Kondratiuk and Leszek Ambroziak, “Humanoid medical
assistant and companion robot for patients”, AIP
Conference Proceedings 2029, 020086, (2018).
https://doi.org/10.1063/1.5066548

[21 Marcin Zukowski, Krzysztof Matus, Elzbieta Pawluczuk,
Mirostaw Kondratiuk and Leszek Ambroziak, “Patients
temperature measurement system for medical robotic
assistant “ AIP Conference Proceedings 2029, 020084,
(2018). https://doi.org/10.1063/1.5066546

[31 Kaveh Bakhtiyari, Nils Beckmann and Jiirgen Ziegler ,
“Contactless heart rate variability measurement by IR
and 3D depth sensors with respiratory sinus
arrhythmia”, The 8th International Conference on
Ambient Systems, Networks and Technologies (2017).
https://doi.org/10.1016/j.procs.2017.05.319

[4 Sachit Mahajan, Prof. Vidhyapathi C.M , “Design of a
Medical Assistant Robot”, 2nd IEEE International
Conference On Recent Trends in Electronics Information
& Communication Technology (RTEICT), India (2017).

[5] Azeta Joseph, Bolu Christian, Abioye A. Abiodun and
Festus Oyawale, “A review on humanoid robotics in
healthcare” MATEC Web of Conferences 153, 02004,
10.1051/matecconf/201815302004 (2018).

[6] T.Mukai, S. Hirano, H. Nakashima, Y. Kato, Y. Sakaida, S.
Guo, and S. Hosoe, “Development of a nursing-care
assistant robot riba that can lift a human in its arms”. In:
Proceedings of the IEEE/RS] International Conference
on Intelligent Robots and Systems (2010).

[71 T. Asfour, K. Regenstein, P. Azad, ]. Schroder, A.
Bierbaum, N. Vahrenkamp and R. Dillmann “ARMAR-III:
An integrated humanoid platform for sensory-motor
control.” IEEERAS International Conference on
Humanoid Robots.(Genova, Italy, Dec. 4-6), 169-175.
(2006).

[8] Chih-Hung King, Tiffany L. Chen, Advait Jain, Charles C.
Kemp, “Towards an assistive robot that autonomously

© 2020,IRJET | ImpactFactor value: 7.529

ISO 9001:2008 Certified Journal | Page 1744



’,/ International Research Journal of Engineering and Technology (IRJET) e-ISSN: 2395-0056
JET Volume: 07 Issue: 08 | Aug 2020 www.irjet.net p-ISSN: 2395-0072

performs bed baths for patient hygiene.” IEEE/RS]
International Conference on Intelligent Robots and
Systems. (Taipei, Taiwan, Oct. 18-22), 319-324. (2010).

[9] Reiser, U, et al. “Care-O-bot® 3 - creating a product
vision for service robot applications by integrating
design and technology.” IEEE/RS] International
Conference on Intelligent Robots and Systems. (St.Louis,
USA, Oct. 11-15), 1992-1998. (2009).

[10] Toshiharu Mukai, et al. “Tactile-Based Motion
Adjustment for the Nursing-Care Assistant Robot RIBA”
IEEE International Conference on Robotics and
AutomationShanghai International Conference Center
(May 9-13, 2011, Shanghai, China) 5435-5441. (2011).

[11] Yutaka Hiroi and Akinori Ito, “Influence of the Height of
a Robot on Comfortableness of Verbal Interaction”,

IAENG International Journal of Computer Science.
(2016).

© 2020,IRJET | ImpactFactor value:7.529 | IS0 9001:2008 Certified Journal | Page 1745



