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Abstract—MedCyBot is a prototype healthcare assistive robot
developed to support basic communication and routine assistance
tasks in clinical settings. The prototype combines speech-to-text,
text-to-speech, multidirectional movement, and a SCARA-based
handling unit in one platform. Mecanum wheels were used in
the base to improve mobility, while the upper section supported
voice interaction, display output, and small-item handling. In the
final p rototype, an A rduino Uno w as used to test b oth the base
and upper-section functions. The work focused on showing how
communication support and simple physical assistance could be
brought together in a low-cost prototype. This paper presents the
motivation, methodology, implementation, results, and limitations
of the system.

Index Terms—Assistive healthcare robot, Arduino Uno,
mecanum wheels, SCARA, speech-to-text, text-to-speech.

I. INTRODUCTION

Assistive robotics is gaining increasing relevance in health-
care because it can support communication, reduce repetitive
workload, and improve the handling of routine tasks in hos-
pitals and care centres. As shown in Fig. 1, the healthcare
assistive robot market increased from $410.6 million in 2021
to $514.3 million in 2022. This growth reflectst he need
for systems that can improve efficiency a nd a ccessibility in
healthcare environments.

In many healthcare settings, communication barriers, limited
accessibility, navigation difficulties, a nd d elays i n handling
medicines or supplies can affect the quality of care. These
challenges become more noticeable in environments where
healthcare staff must manage both patient interaction and
repeated support tasks.

To address this, we developed MedCyBot as a proto-
type assistive healthcare robot that combines communication
support and physical task support in a single system. The
main functions demonstrated in the prototype were speech-
to-text, text-to-speech, multidirectional movement, app-based
control, and SCARA-based handling. The broader design also
considered future expansion toward language translation and
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Fig. 1. Healthcare assistive robot market size figure included in the project
report.

autonomous navigation. This paper presents the motivation,
literature background, problem statement, methodology, pro-
totype implementation, results, and limitations of MedCyBot.

II. LITERATURE SURVEY

Recent work in assistive robotics has focused on com-
munication support, autonomous navigation, translation, and
lightweight manipulation. Dhanjal and Singh developed a
multilingual speech-to-Indian-sign-language system and re-
ported recognition accuracies of 91%, 89%, and 89% for
English, Punjabi, and Hindi, respectively [1]. Other studies
on speech recognition and speech synthesis for assistive ap-
plications have shown that voice-based systems can improve
accessibility and help users with disabilities interact more
easily with digital platforms [2], [3], [19]-[21].

Language translation has also been explored as a way to
reduce communication barriers. Earlier studies have described
translator applications and neural machine translation methods
that support multilingual interaction [14]-[16]. This is particu-
larly relevant in healthcare, where even simple instructions and
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responses may be affected by differences in language between
patients and caregivers.

Speech-based systems have also been studied for medical
documentation and workflow support. Sushmita Kulkarni, Dat-
taprasad A. Torse, and Deepak Kulkarni presented a cloud-
based transcription system that converted spoken input into
text for medical records [4]. In addition, models such as Listen,
Attend and Spell showed that end-to-end speech transcription
can be improved using neural-network-based learning [5].
Together, these studies highlight the importance of speech-
processing modules in assistive healthcare systems.

Navigation and mobility form another important part of
the related work. SLAM-based approaches have been used
for mapping, localization, and path planning in autonomous
robots [6]-[10]. For handling tasks, SCARA-based systems are
useful because they provide a relatively simple structure for
pick-and-place operations and can be developed economically
for controlled motion [11]-[13]. In healthcare robotics, Shubha
and Meenakshi presented an assistive robot for medicine
delivery to bedridden patients, while Pawan Kadam, Pratik
Padalkar, Aniket Mohite, Shantanu Mirajgave, and Santwana
Gudadhe discussed a medical assistance robot using ROS for
multi-purpose applications [17], [18].

Overall, the literature shows that many existing systems
focus on one main function, such as speech interaction, trans-
lation, navigation, or item transport. MedCyBot was developed
as a student prototype to bring several of these functions
together within a single assistive platform.

III. PROBLEM STATEMENT AND OBJECTIVES

Healthcare environments continue to face practical chal-
lenges that can affect patient care. These include commu-
nication barriers, limited accessibility, difficulty in handling
medicines and supplies, and the need to move efficiently
through complex spaces. Language differences between pa-
tients and caregivers can reduce the clarity of interaction, while
inefficient transport of routine items can increase workload and
delay simple tasks.

The main objective of MedCyBot was to develop a pro-
totype assistive healthcare robot that could address these
challenges through an integrated design. The project aimed
to support speech-to-text and text-to-speech interaction, en-
able multidirectional movement using mecanum wheels, and
include a SCARA-based section for handling small items such
as medicines or supplies.

A second objective was to combine these functions in a
form suitable for prototype-level demonstration. Instead of
focusing only on communication or only on mobility, the
project explored how voice interaction, movement control, and
basic handling could work together within one assistive robotic
platform.

IV. METHODOLOGY

The methodology followed in this project was divided
into three main stages: acquisition, training, and testing. The
overall workflow used in the project is shown in Fig. 2. In the
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Fig. 2. Overall methodology followed in the MedCyBot project.

acquisition stage, the required hardware and software elements
for movement, communication, and handling were assembled
into the prototype. In the training stage, the speech-processing
tools were prepared for the intended application. In the testing
stage, the integrated functions of the system were evaluated at
prototype level.

A. MedCyBot Base

The base of MedCyBot was designed for omnidirectional
movement. It used four mecanum wheels driven by four N20
geared motors. An Arduino Uno was used to control the
base, while a motor driver managed communication between
the controller and the motors. Wireless control was provided
through an HC-05 Bluetooth module. The broader design also
considered SLAM-based navigation and obstacle avoidance as
part of the overall system direction.

The mecanum wheels allowed the robot to move in multiple
directions rather than relying only on conventional forward
turning. This was useful in hospital-like environments, where
the robot may need to pass through tight spaces and move
around obstacles during routine assistance tasks.

B. Upper Section and Training Flow

The upper section integrated the communication and han-
dling modules of the robot. It included a MAX9814 micro-
phone module, speaker, a 16 x 4 display, and a SCARA-based
handling mechanism. Speech-to-text was implemented using
CMUSphinx, while text-to-speech was implemented using
pyttsx3.

In the final prototype, an Arduino Uno was used to test both
the base and upper-section functions. Although an ESP32 was
considered during the design stage, it was not used in the final
prototype implementation.

The training stage focused on preparing the speech-
processing tools for the intended application. CMUSphinx
was associated with Sphinxtrain, and the workflow involved
dataset preparation for speech-related processing. The broader
project work also used tools such as Jupyter Notebook and
Arduino IDE for coding, testing, and system integration during
development. The base-level and upper-section arrangements
used in the prototype are shown in Fig. 3.

V. IMPLEMENTATION OVERVIEW

The implementation of MedCyBot was organised around
three main functions: communication, movement, and han-
dling. The communication block included voice capture
through the microphone, conversion of speech into text, dis-
play of the recognised output, and spoken output through a
speaker. The movement block involved Bluetooth-based con-
trol of the mecanum-wheel base through a mobile application.
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Fig. 3. System-level diagrams included in the project documents.

The handling block used a SCARA-based arrangement for the
transport of small items.

The robot was developed as a modular structure, with
the lower section responsible for locomotion and the upper
section responsible for interaction and handling. This made
the prototype easier to build and test, while still allowing the
different subsystems to work together as part of one integrated
platform.

A. Software Environment

The software environment included Arduino IDE for pro-
gramming and uploading code to the controller, and Jupyter
Notebook for development, output review, and testing. These
tools supported the integration of the communication functions
with the physical hardware used in the prototype.

VI. RESULTS AND DISCUSSION

The prototype-level results showed that MedCyBot was able
to bring together communication, movement, and handling
functions within a single platform. Speech-to-text was imple-
mented so that spoken input could be converted into text,
and text-to-speech was used to provide audio output from
the system. These features supported basic user interaction
through voice and display. The physical prototype is shown in
Fig. 4.

The mecanum-wheel base, together with app-based control,
allowed the robot to move with multidirectional capability.
This improved manoeuvrability and supported movement in
confined spaces. The SCARA-based section was used as the
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(a) Top view of the MedCyBot prototype.

(b) Side view of the MedCyBot prototype.

Fig. 4. Prototype views included in the project report.

handling component of the prototype and represented the
system’s task-support function.

The project was also supported by controller application
screens, code windows, circuit-level views, and prototype pho-
tographs. These elements show that the work involved more
than mechanical assembly alone; it also included embedded
control, interface-level testing, and software integration. The
controller applications used during testing are shown in Fig. 5.

The present results are qualitative rather than fully numeri-
cal. The main outcome of the work was successful subsystem
integration: voice input, voice output, movement control, and
handling were demonstrated as parts of one prototype. Detailed
numerical evaluation of recognition accuracy, navigation error,
transport repeatability, or response time was not included in the
project materials. For this reason, MedCyBot is best presented
as a proof-of-concept prototype rather than a fully validated
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Fig. 5. Application and software images used during implementation and
testing.

VII. LIMITATIONS

The current work has several limitations. First, the prototype
was evaluated mainly at a qualitative level, and the project did
not include a detailed numerical study of system performance.
Second, some ideas discussed during the broader design stage,
such as autonomous navigation and translation support, were
not fully validated on the final prototype.

Another limitation is that the final prototype used a simpli-
fied controller setup, with an Arduino Uno used to test both
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the base and upper-section functions. This was suitable for
prototype development, but a more advanced version of the
system may require a more distributed architecture and more
detailed system-level testing.

These limitations do not reduce the value of the project as
a student engineering prototype, but they do define the scope
of the present paper. The main contribution of this work is the
integration of multiple assistive functions into one prototype
platform.

VIII. CONCLUSION

MedCyBot was developed as a prototype healthcare assis-
tive robot that combines communication support and basic
task assistance in a single platform. The system brought to-
gether speech-to-text, text-to-speech, multidirectional motion,
and a SCARA-based handling mechanism. This combination
makes the prototype relevant to healthcare environments where
communication support and routine item handling are both
important.

The main contribution of the work lies in showing that
these functions can be integrated into one low-cost assistive
platform. Although the prototype was not evaluated as a fully
validated clinical system, it provides a useful proof of concept
for future work in healthcare robotics.

IX. FUTURE SCOPE

Future work may extend MedCyBot in several direc-
tions. These include stronger language-translation support,
more advanced navigation and obstacle-avoidance capability,
sanitation-related features, air-quality sensing, and broader
monitoring functions. With further development and testing,
the present prototype could be expanded into a more capable
assistive system for healthcare environments.
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