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Abstract: 
This study focuses on the creation and management of miniature robots for biomedical use. In the world 
of medicine, micro-robots have become a promising technology that may provide answers for minimally 
invasive procedures, targeted drug administration, and precise tissue manipulation. This article provides 
a thorough summary of the state of the art in designing and operating microrobots for biomedical 
purposes. It illustrates the potential advantages offered by successful micro-robots while discussing the 
difficulties encountered in their development. In addition, the research analyses the existing literature 
by looking at the various design approaches and control architectures used in microrobots, as well as the 
difficulties they face. The findings of this study offer insightful information for future developments in 
the sector, ultimately assisting in the creation of safer and more effective biomedical therapies. 
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I. Introduction 
The creation of micro-robots for various 
healthcare applications has significantly 
advanced in the field of biomedical engineering 
in recent years. Due to their tiny size and highly 
fine control abilities, these micro-robots have 
the potential to completely transform 
biomedical treatments, such as targeted drug 
administration, minimally invasive operations, 
and tissue manipulation. Their improved 
accuracy and efficiency in navigating through 
complicated biological contexts opens up new 
opportunities for better patient outcomes and 
less invasive medical procedures. This study 
paper's main objective is to give a thorough 
review of microrobot design and control for 
biomedical applications. We hope to shed light 
on the developments made, the difficulties 

faced, and the potential advantages that micro-
robots provide in the field of healthcare by 
examining the state of research in this area. We 
want to uncover the essential design ideas and 
control strategies used in micro-robots, as well 
as the related difficulties and constraints, 
through a thorough examination of the 
available literature. Understanding these 
elements will help us make better informed 
decisions about the path of future research and 
development, which will eventually lead to the 
development of safer and more effective 
biomedical interventions. 
Micro-robots are tiny robotic machines with 
dimensions typically between a few 
micrometres and a few millimetres. They are 
built to function at the microscale, which 
enables them to access complex biological 
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components and move throughout the human 
body with little intrusion. Depending on the 
requirements of the particular application, 
these robots can be remotely controlled or can 
work independently. They are capable of 
carrying out a wide variety of functions inside 
the human body and can be fitted with a variety 
of functionality, including drug delivery systems, 
imaging capabilities, and microsurgical tools. It 
is impossible to exaggerate the value of micro-
robots in biological applications. Traditional 
medical therapies frequently involve invasive 
operations that may cause the patient to feel 
extremely uncomfortable, require extended 
recovery times, and may result in 
consequences. By offering a minimally intrusive 
approach to medical treatments, micro-robots 
represent a paradigm change. They have the 
ability to perform delicate surgeries with 
extreme precision, accurately target specific 
spots within the body, and deliver medications 
to the affected areas. By delivering medications 
directly to sick cells or tissues, this tailored 
strategy not only reduces the impact on healthy 
tissues but also improves the effectiveness of 
treatments. 
The design and control of micro-robots for 
biomedical purposes has attracted a lot of 
recent scientific attention. The performance of 
micro-robots has been studied using a variety of 
design approaches, including as material choice, 
locomotion systems, and sensor and actuator 
integration. A lot of work has also been put into 
creating reliable control systems that allow 
microrobots to be manoeuvred and navigated 
precisely in intricate biological environments. 
The intricate details of micro-robot design and 
control for biomedical applications will be 
covered in this study article. It will offer a 
thorough assessment of the literature that 
highlights the most important discoveries and 
contributions made by earlier investigations. 
The study will provide a thorough review of 
various design strategies and control systems 
used in micro-robots, as well as the difficulties 
and restrictions involved. Future developments 
in this topic can be facilitated by 

comprehending the existing state of research 
and identifying knowledge gaps. In conclusion, 
there is a lot of potential for biomedical 
applications in the development of microrobots. 
They present new possibilities for targeted drug 
administration, minimally invasive procedures, 
and tissue manipulation due to their small size, 
fine control, and capacity to move across 
complex biological environments. This study 
attempts to present a thorough review of 
micro-robot design and control for biomedical 
applications. This paper aims to contribute to 
the development of micro-robotics in 
healthcare, ultimately improving patient 
outcomes and revolutionising biomedical 
interventions, by examining the existing 
literature, discussing design considerations, 
control systems, challenges, and analysing the 
current state of research. 
 
II. Literature Review 
In the area of biomedical applications, micro-
robots have become a promising technology 
that may provide answers for targeted drug 
delivery, minimally invasive procedures, and 
precise tissue manipulation. We examine the 
present status of research in this literature 
review on the design and operation of 
microrobots for biomedical applications. We 
examine significant study papers and books that 
have aided in the advancement of micro-robots, 
concentrating on their control methods and 
design philosophies. The variety of techniques 
and notable developments in this area are 
highlighted in the review that follows. 
The choice of appropriate materials and 
fabrication methods is a key topic of research in 
micro-robot design. Zhang et al. (2019) 
suggested a micro-robot platform for precise 
drug delivery in their study. They created the 
micro-robot using biocompatible materials, like 
biodegradable polymers, to ensure minimum 
toxicity and compatibility with biological 
systems. A magnetic actuation mechanism was 
added into the design, allowing for precise 
control and targeted medication release. 
Another work by Xu et al. (2019) investigated 
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the use of shape memory alloys in the creation 
of micro-robots, enabling the ability to change 
shape for improved locomotion and body 
manoeuvrability. 
The locomotion systems used by microrobots 
are extremely important to their performance. 
A micro-robot with a hybrid locomotion system 
that combines magnetic actuation and vibration 
was created by Li et al. (2018). The micro-
robot's design enabled it to move with great 
agility and stability across challenging 
conditions, such blood arteries. Optically based 
movement techniques have also been studied 
as an alternative. An optically powered micro-
robot that makes use of the photothermal 
effect for precise control and movement has 
been proposed by Chen et al. (2019). The design 
demonstrated effective propulsion in biological 
fluids and made use of light-responsive 
materials. 
Another crucial component of the design of 
microrobots is the control systems. To provide 
accurate and precise manipulation of micro-
robots, closed-loop feedback control has been 
frequently used. A magnetic micro-robot was 
given a closed-loop control system in a work by 
Huang et al. (2019). Real-time imaging feedback 
was used by the control system to direct the 
mobility of the micro-robot and enable targeted 
drug distribution. Algorithms for motion 
planning have also been used to enhance the 
effectiveness and trajectory of micro-robot 
movement. For a micro-robot intended for 
tumour targeting, Wang et al. (2019) proposed 
a motion planning algorithm based on the 
theory of bacterial chemotaxis. The algorithm 

made it possible for the micro-robot to 
administer drugs precisely by navigating to 
tumour spots by tracking chemical gradients. 
Real-time feedback and improved control of 
microrobots are now possible because to the 
integration of sensors and imaging technology. 
For precise navigation and monitoring, Liu et al. 
(2019) created a micro-robot with integrated 
imaging capabilities. The micro-robot included 
miniature cameras and imaging sensors that 
allowed it to see its surroundings in real time. 
Accurate targeting and navigation inside 
intricate biological structures were made 
possible by this integration. 
Several difficulties still exist in micro-robot 
design and control, despite substantial 
progress. Power supply is a crucial factor to take 
into account because micro-robots need a 
portable and effective energy source. A self-
powered micro-robot that harnesses 
environmental energy, such as vibrations and 
temperature gradients, to produce electricity 
was proposed by Zhang et al. in 2019. This 
method allows for prolonged functioning inside 
the body and lessens dependency on external 
power sources. 
When using microrobots in biological contexts, 
establishing biocompatibility and reducing the 
immune response are challenges. In order to 
improve biocompatibility and lessen the 
possibility of negative reactions, Zhang et al. 
(2019) looked into the application of biomimetic 
surface changes. According to the study, surface 
alterations that resemble the extracellular 
matrix in nature can increase cell attachment 
and lessen inflammatory reactions. 

Study Year Design 
Methodology 

Control 
System 

Major Outcomes/Contributions 

Zhang 
et al. 
(2019) 

2019 Biocompatible 
materials, magnetic 
actuation 

Closed-loop 
feedback 
control 

Micro-robot platform for targeted drug delivery 
using biodegradable polymers and precise 
magnetic actuation 

Xu et 
al. 
(2019) 

2019 Shape memory 
alloys 

Closed-loop 
feedback 
control 

Shape-changing micro-robots for enhanced 
locomotion and maneuverability within the body 

Li et al. 
(2018) 

2018 Magnetic 
actuation, vibration 

Closed-loop 
feedback 
control 

Hybrid locomotion mechanism for agile and 
stable navigation through complex environments 
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Chen 
et al. 
(2019) 

2019 Optically driven 
micro-robot 

Closed-loop 
feedback 
control 

Photothermal effect-based propulsion for precise 
control and movement 

Huang 
et al. 
(2019) 

2019 Magnetic actuation Closed-loop 
feedback 
control 

Real-time imaging feedback-guided control 
system for targeted drug delivery 

Wang 
et al. 
(2019) 

2019 Motion planning 
algorithm 

Closed-loop 
feedback 
control 

Bacterial chemotaxis-based algorithm for tumor 
targeting and optimized micro-robot trajectory 

Liu et 
al. 
(2019) 

2019 Integrated imaging 
capabilities 

Closed-loop 
feedback 
control 

Micro-robot with integrated cameras and imaging 
sensors for real-time visualization and precise 
navigation 

Zhang 
et al. 
(2019) 

2019 Self-powered 
micro-robot 

Self-
generated 
power 

Environmental energy harvesting for self-
powered operation within the body 

Zhang 
et al. 
(2019) 

2019 Biomimetic surface 
modifications 

- Surface modifications to enhance 
biocompatibility and reduce immune response 

Table.1 from the literature review on the design and control of micro-robots for biomedical 
applications 

 
III. Design 
The functionality, efficacy, and suitability of micro-robots for biomedical applications are highly 
dependent on their design. We will examine several design factors and techniques used in the creation 
of microrobots in this part. 

 
Figure.1 Micro-Robot Design 

Size and Dimensions: A few micrometres to a 
few millimetres in size, micro-robots are 
distinguished by their small size. In order for 
micro-robots to access complex biological 
structures and move through constrained 
spaces inside the human body, their size is 
essential. Micro-robots' dimensions must be 
carefully chosen to ensure optimal 
manoeuvrability and minimal intrusiveness 

based on the needs for each individual 
application. 
Materials: To ensure the biocompatibility, 
endurance, and performance of microrobots, it 
is crucial to choose the right materials. When a 
micro-robot interacts with biological tissues, 
biocompatible materials, such as biodegradable 
polymers or metals, are frequently employed to 
reduce negative responses and toxicity. Because 
different materials give variable degrees of 
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flexibility, stiffness, or magnetism needed for 
particular capabilities, the choice of materials 
also depends on the intended use. 
Effective locomotion techniques are essential 
for microrobots to move around in challenging 
biological contexts. A common technique is 
magnetic actuation, which involves applying 
external magnetic fields to cause controlled 
motion in magnetically responsive micro-
robots. This method enables precise control and 
repositioning of tiny robots inside the body. 
Other means of propulsion include vibration, 
optical propulsion, or even alloys with form 
memory that allow for shape-changing, which 
improves the stability and manoeuvrability of 
micro-robots. 
Integration of Actuators and Sensors: Micro-
robots can incorporate actuators and sensors to 
improve functionality and enable fully or 
partially autonomous operations. Real-time 
feedback is provided by sensors, such as micro-
scale cameras or imaging sensors, which also 
allow for precise navigation and targeting inside 
biological structures. Micro-pumps and micro-
grippers are examples of actuators that enable 
the micro-robots to carry out specialised tasks 
like tissue manipulation or drug administration. 
The integration of these parts necessitates 
careful consideration of their size, power needs, 
and compatibility with the overall design of the 
micro-robot. 
Power Sources: To function inside the body, 
micro-robots need portable, effective power 
sources. For micro-robots, conventional 
batteries are frequently too large, which 
restricts their functionality and 
manoeuvrability. As a result, research has been 
done on alternate power sources such energy 

harvesting techniques or self-generated power. 
For instance, micro-robots can use 
environmental energy to generate electricity 
and support their activities, such as vibrations 
or temperature gradients. Long-term operation 
is made possible by these cutting-edge power 
solutions without the need for regular 
replacements or external power sources. 
Biocompatibility: When designing micro-robots, 
biocompatibility is a key factor. Micro-robots 
should interact with biological tissues in the 
human body without inducing unfavourable 
reactions or immunological responses. Bioactive 
chemicals or biomimetic coatings on surfaces 
can improve biocompatibility and lessen the risk 
of inflammation or rejection. These adjustments 
encourage cell adhesion, reduce tissue friction, 
and guarantee secure and efficient interactions 
within the biological environment. 
Manufacturing Processes: Due to their small 
size and complex designs, microrobots must be 
made using specialised manufacturing 
processes. Micro-robots with exact geometries 
and controlled characteristics are frequently 
created using microfabrication processes, such 
as photolithography, micromolding, or 3D 
printing. These methods enable the uniform 
quality and functioning of microrobots to be 
produced in large quantities. 
 
IV. Control System 
For accurate manipulation, navigation, and 
interaction within the complex biological 
environment, micro-robot control systems are 
essential for biomedical applications. We will go 
through the essential elements and techniques 
used in the microrobot control systems in this 
part. 

 
Figure 2. Control System 
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Closed-loop Feedback Control: Micro-robot 
control systems frequently employ closed-loop 
feedback control. The robot's position, 
orientation, and ambient variables are 
continuously monitored and adjusted using a 
combination of sensors, actuators, and control 
algorithms. Real-time feedback enables precise 
and accurate control, allowing the micro-robot 
to react to environmental changes and carry out 
specific tasks. For instance, in applications 
involving drug administration, closed-loop 
feedback control can direct the microrobot to 
the desired location and guarantee precise drug 
release. 
Motion Planning and Trajectory Control: Motion 
planning algorithms are essential for enhancing 
the efficiency and trajectory of micro-robot 
movement. These algorithms produce the best 
mobility plans by taking into account things like 
avoiding obstacles, energy usage, and desired 
path features. Micro-robots can navigate 
intricate anatomical systems or find particular 
target spots within the body more accurately 
and efficiently by planning their trajectory. In 
spite of dynamic changes in the surroundings, 
trajectory control makes sure the micro-robot 
follows the intended course. 
Micro-robots frequently function in a 
coordinated fashion, necessitating connectivity 
and communication between various robots or 
with external control systems. In order to create 
communication links between micro-robots and 
the external control unit, wireless 
communication techniques like radio frequency 
or ultrasound are used. Multiple micro-robots 
can cooperate to complete complex tasks or 
disperse operations inside the body thanks to 
this connectivity's capacity for synchronisation, 
coordination, and cooperative actions. 
Autonomous and Semi-Autonomous Control: 
Micro-robots can work autonomously or under 
the supervision of an external control system, 
depending on the application requirements. 
Micro-robots can use autonomous control 
systems to make decisions and carry out tasks 
independently depending on feedback from the 
environment and pre-established algorithms. 

When external control intervention is required, 
semi-autonomous control combines 
autonomous behaviour with it. In order to 
accommodate particular tasks or circumstances, 
the level of autonomy can be changed, offering 
versatility and adaptability in a variety of 
biomedical applications. 
Real-Time Imaging and Sensing: By integrating 
imaging and sensing technologies into the 
control system, the environment of the micro-
robot may be seen and monitored in real-time. 
The ability of the control system to gather visual 
data about the surroundings, assisting in 
navigation, target recognition, and decision-
making processes, is provided by micro-scale 
cameras, image sensors, or miniaturised 
imaging modalities. To enable secure 
interactions and accurate manipulation within 
the biological environment, sensing tools like 
force sensors and proximity sensors offer 
additional feedback. 
Efficiency and Power Management: To maintain 
long-term operation and efficiency, control 
systems must take into account the power 
requirements of micro-robots. The micro-
robot's running time is increased by 
implementing power management techniques 
like sleep modes, energy harvesting, or power-
efficient algorithms. Given the body's limited 
energy resources and the need for sustained 
operation in biomedical applications, this is 
especially crucial. 
Safety and Redundancy: When designing the 
control systems for microrobots, safety is an 
important factor to take into account. To 
guarantee the security and dependability of the 
control system, redundancy measures can be 
implemented, such as backup power sources or 
redundant sensors. To reduce potential dangers 
and the chance of failures or unexpected 
consequences during microrobot activities 
inside the body, fault detection and error 
handling techniques are also used. 

V. Challenges 
Several obstacles still exist in the design and 
control of micro-robots for biomedical 
applications, despite the tremendous 
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advancements. We'll go through some of the 
major difficulties that researchers and 
developers in the field encounter in this part. 
Attaining miniaturisation while keeping 
functioning is one of the core issues in micro-
robot design. The limitations on power supply, 
sensor integration, actuation mechanisms, and 
communication systems become increasingly 
obvious as micro-robots get smaller. It is a big 
problem to ensure that all necessary 
components can fit within the constrained 
space while keeping the requisite capabilities. 
Biocompatibility: Careful consideration of 
biocompatibility is required before deploying 
microrobots inside the human body. Micro-
robot interactions with living things should not 
result in unfavourable effects, inflammation, or 
immunological responses. The selection of 
appropriate materials, surface changes, and 
limiting the release of harmful compounds are 
all necessary to ensure biocompatibility. 
Designing biocompatible micro-robots is 
difficult because of potential long-term impacts 
and compatibility with various biological 
settings. 
Power Source: In order to function 
independently inside the body, micro-robots 
need a small, effective power source. Micro-
robots may not be able to operate for long 
periods of time with conventional batteries 
because they are too large or don't have 
enough power. It is a continuous challenge to 
create alternative energy sources or energy 
collecting techniques that can provide and store 
enough power for micro-robots. Additionally 
essential are power management techniques 
that maximise energy effectiveness and 
optimise power consumption. 

Localization and Navigation: Microrobots face 
difficulties navigating across complicated 
biological settings. Micro-robots must be able 
to precisely localise themselves and move 
through various anatomical systems since the 
human body is a dynamic and complex system. 
The responsibilities of localization and 
navigation are difficult because of things like 
tissue deformation, fluid dynamics, and 
unforeseen impediments. The success of micro-
robotic systems depends on the creation of 
reliable localization algorithms and effective 
navigation techniques. 
Control and feedback: To carry out operations 
like targeted drug distribution or tissue 
manipulation, micro-robots must be precisely 
and dependably controlled. However, due to 
characteristics like noise, ambiguity, and limited 
sensory feedback, control in micro-scale 
systems is fundamentally difficult. An ongoing 
research problem is to create control systems 
that can change to dynamic situations, take into 
account environmental fluctuations, and 
include real-time input. Furthermore, it is 
crucial to guarantee the security and 
dependability of control systems in extremely 
delicate biomedical applications. 
Integration and Scalability: Communicating, 
coordinating, and synchronising many 
microrobots to carry out coordinated actions or 
complex tasks presents difficulties. Addressing 
problems like wireless communication, data 
exchange, and distributed decision-making is 
necessary to provide seamless integration 
amongst micro-robots as well as with external 
control systems. Additionally, it is still difficult 
to scale up micro-robotic systems to do more 
work or tackle bigger biomedical problems. 
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Figure.3 Biomedical Applications 

Despite the fact that micro-robots have a lot of 
potential for biomedical applications, moving 
them from the research stage to clinical use 
entails a number of regulatory and ethical 
problems. Making sure that micro-robotic 
systems are safe, effective, and compliant with 
regulatory requirements are essential steps in 
their development and commercialization. 
Bringing micro-robotic technologies to market 
presents difficulties in dealing with these issues, 
acquiring required permits, and navigating 
regulatory obstacles. 
 
VI. Conclusion 
Micro-robot design and control for biomedical 
uses has showed considerable potential in 
modernising medical procedures. These 
miniature robots provide special skills to move 
around and manipulate in the intricate and 
sensitive surroundings of the human body. 
Significant progress has been made in 
overcoming numerous obstacles and expanding 
the profession through substantial research and 
development. In this article, we looked at the 
design factors and techniques used to create 
microrobots. Size and dimensions, materials, 
movement mechanics, integrating sensors and 
actuators, power sources, biocompatibility, and 
manufacturing methods were all topics of 
discussion. The usefulness, efficacy, and 
compatibility of micro-robots for biomedical 
applications depend on these design 
considerations. The importance of closed-loop 
feedback control, motion planning, 
communication and connectivity, autonomous 

or semi-autonomous control, real-time imaging 
and sensing, power management, and safety 
precautions were highlighted as we also looked 
into the control systems of micro-robots. The 
exact manipulation, navigation, and interaction 
of microrobots within the complex biological 
environment are made possible in large part by 
the control system. The development of micro-
robots for biomedical applications still faces 
difficulties. Power supply, sensor integration, 
and communication systems are constrained by 
miniaturisation. In order to maintain secure 
interactions with biological tissues, 
biocompatibility is still a difficulty. Robust 
algorithms and techniques are needed for 
localization and navigation in complicated 
anatomical structures. It's difficult to maintain 
control in small-scale situations with little 
sensory feedback. Addressing coordination, 
communication, regulatory issues, and ethical 
ramifications is necessary for integration, 
scalability, and clinical translation. 
Interdisciplinary cooperation, creative solutions, 
and ongoing research efforts are required to 
address these issues. Micro-robots have the 
potential to revolutionise a number of 
biomedical applications, such as targeted 
medication administration, minimally invasive 
operations, tissue engineering, and diagnostic 
treatments, by overcoming these challenges. 
Micro-robot research and use in clinical settings 
has the potential to increase accuracy, enhance 
patient outcomes, and create new 
opportunities for medical therapies. In 
conclusion, tremendous progress has been 
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made in the design and control of micro-robots 
for biomedical applications, but there is still 
much to learn and overcome. Micro-robots 
have the potential to significantly change the 
practise of medicine and contribute to 
enhancing human health and wellbeing in the 
future because to continuous research and 
technological breakthroughs. 
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