ISSN: 2583-9888 ({’)/URF PUBLISHERS

DOI: doi.org/10.51219/JAIMLD/bhanu-prakash-mettu/551 = connect with research world

Journal of Artificial Intelligence, Machine Learning and Data Science

https://urfpublishers.com/journal/artificial-intelligence

Vol: 1 & Iss: 1 Research Article

Advanced Human-Machine Interfaces (HMI) in Surgical Robotics: Enhancing
Precision through Haptics and Automation

Bhanu Prakash Mettu*

Citation: Bhanu PM. Advanced Human-Machine Interfaces (HMI) in Surgical Robotics: Enhancing Precision through Haptics
and Automation. J Artif Intell Mach Learn ¢ Data Sci 2021 1(1), 2582-2585. DOI: doi.org/10.51219/JAIMLD/bhanu-prakash-
mettu/551

Received: 02 March, 2021; Accepted: 18 March, 2021; Published: 20 March, 2021
*Corresponding author: Bhanu Prakash Mettu, USA, E-mail: Mbhanu12@gmail.com

Copyright: © 2021 Bhanu PM., This is an open-access article distributed under the terms of the Creative Commons Attribution
License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original author and source
are credited.

ABSTRACT

Advanced Human-Machine Interfaces (HMI) have brought about a significant increase in precision and control as well as
the efficiency of the surgeon. They had improved dexterity and accuracy due to haptics and automation and, therefore, proved
promising towards error reduction and better patient outcomes. More advanced is the fact that they guarantee a very smooth
interaction with the robotic systems available for them. This paper explains the role of HMI in surgical robotics, zeroing in on
haptic feedback and automation. A review of the major open issues and recent developments will be offered. Other sections
will cover force feedback, tactile sensing, and Al-driven automation and their effects on productivity and safety. A hybrid HMI

framework using haptics and automation is proposed for precise robotic-assisted surgeries.
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1. Introduction

Human inclination has vastly transformed the essence of
modern healthcare via the conduit of surgical robotics for
advanced precision. These systems assist human surgeons
in conducting complex procedures effectively, with safe
maneuvering completely dependent upon intuitive human-
machine interaction.

Advanced human-machine interfaces open new horizons in
precision and efficiency. Integrating haptics and automation will
best result in surgical outcomes. These automation interfaces
are the bridge between the surgeon and the robot. They offer
real-time feedback for better control and accuracy. Haptic
technology, meanwhile, will give the operator a sense of touch
for better surgical precision. While even more important,
automation greatly lessens fatigue and reduces human error.
The combination of these technologies will change the face of
robotic-assisted surgeries.

The Importance of Advanced Human-Machine Interfaces

Traditional surgical techniques are highly dependent on
manual skills. However, man is limited in terms of the accuracy
and consistency he can deliver. In long and complex procedures,
the surgeon falls victim to fatigue. Limited sensory feedback
means delicate work is incredibly difficult. These two critical
faults are addressed well by advanced HMI solutions. Haptic
feedback enhances dexterity and surgical decision quality by
making the operator feel virtual tissues.

Automation also helps by stabilizing motions and
optimizing repetitive tasks for more efficiency in making
decisions. Therefore, it improves both precision and safety to
striking degrees. Haptic technology is incredibly significant.
The surgeon feels the force and tactile feedback, providing him
with a sensation of resistance from the tissue and making control
during delicate procedures possible. Without haptics, only visual
cues are relied upon by the surgeon.
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Haptic-enabled systems improve realistic versions of
the surgical environment in which a doctor can practice his
skills. In addition, they decrease the time needed to learn new
techniques. Once learning curves are scaled and surgeons have
advanced skills, they will perform operations at a higher degree
of accuracy. Ultimately, this will result in much better patient
safety and outcomes. Automation eases the strain on the surgeon
and hence helps keep things stable and in their right places with
precision. Plus, this will prevent involuntary hand tremors during
a procedure. In effect, the robotic system will help improve the
overall performance of a surgery.

Figure 1. Framework for Haptic-enabled systems

Machine learning algorithms further optimize robotic
automation. These systems adapt to surgeon preferences over
time. Al-driven automation also improves the precision of
movements. When used together, Al with robotics can only
mean one thing: the efficiency at which the practice is run and
the care patients receive. Automated assistance leads to more
successful procedures. Title: Advancing Surgical Precision
and Patient Outcomes Modern HMI solutions boost efficiency
and safety. Real-time data processing allows for instant
surgical adjustments. Adaptive interfaces can respond to input
dynamically. These will make better control over the robotic
instruments possible.

2. Literature Review

Progresses in high-level human-machine interface (HMI)
configures modern surgical robotics. Precisely, these are directed
at increased accuracy and control over surgical procedures,
haptics, and automation being the main drivers. In return, such
technologies drastically improve surgical outcomes since they
also reduce errors of human origin. Thus, the slightest advance
would be something worth looking into. Ultimately, they will
not change minimally invasive surgery; they will revolutionize
it.

Haptic feedback relates practically to the applied sciences
that will give the surgeons a feel for the chosen tissues and
devices they are using'. It enhances depth perception and
control of forces. Force reflection haptics provide truly realistic
interaction’. For example, the surgeon can get feedback on
how the tissue is reacting®. The passive haptic also gives visual
feedback cues, and then the operator can decide more confidently.
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In other words, the technology facilitates the improvement of
surgical dexterity, which ultimately means diminished tissue
impairment.

Also, the high-resolution aspects of unified haptic quality
enhance the user experience. With further development, advanced
algorithms improve force feedback. Hence, there is a need for a
miniature haptic realizing device. Thus, combining haptics in
the available surgical systems will be quite demanding. Thus,
ergonomics should be observed in the haptic interface design.
The calibration of the haptic systems is also necessary. Besides,
haptic interfaces need standardization in their development as
well. The above features would be possible with robotic systems
because they have the capacity to perform repetitive tasks and
can also be used for complex manipulations®.

Control-shared automation integrates human and robot
action®. For example, a human guide a robot to perform a
necessary workpiece with high precision®. In this respect, the
surgical workflow has been made fine by pre-programmed steps
available for supervised autonomy. This, therefore, ultimately
minimizes surgical variability and enhances patient safety.
Ultimately, the integration of artificial intelligence also enhances
the autonomy of the robotic system further, with safer control
algorithms needing to be developed.

Meanwhile, machine learning shall enhance the adaptability
of the robotic system. So, indeed, sturdy vision system
development is necessary for all automation. As such, sensor
fusion integration will enhance the robot’s perception. This
validates automated surgical systems. Also, intuitive user
interface design is needed for automation. The combination
of haptic feedback and automation makes it easier for even a
non-expert to operate equipment’.

Besides, an increased level of precision and safety is added to
the operation because force feedback improves control in tasks
that are automated®. For example, letting the robot adjust the
amount of force based on feedback from the tissue or balancing
haptic guidance with shared control to enhance dexterity’. As
such, the surgical robot is more flexible, which means that
patient outcomes can be improved. Integrated systems put more
optimization into surgical performances. Also, developing real-
time haptic feedback enhances the surgical process. As the visual
feedback is added to haptic feedback, this enhances the surgical
experience.

3. Problem Statement: Precisions and Surgeon Control
Challenges in Robotic Surgery

Robotic surgery has brought minimally invasive procedures
to reality. They had already overcome some of the most
important challenges, although precision and control by the
surgeon practice remain. These challenges still greatly limit the
actual ability of robotic systems to perform surgery.

The deficiency of real-time haptic feedback is another major
issue. There is still a cognitive and physical burden on the side
of the surgeon. Besides, there is a lag in the Al adaptation to
dynamic surgical environments. In short, there are problems to
overcome, and the sooner achieved, the better, as they will help
improve surgical outcomes and patient safety, respectively.

3.1 Real-time haptic feedback limitations

Lack of hepatic feedback limits surgeons because they have
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to operate without any haptic feedback. Surprisingly, some
manipulation is explicit. There is a greater reduction in the sense
of force. For example, how careful the surgeon needs to be with
tissues. It will be difficult for him to know where tissue ends
and where it doesn’t. In turn, precision on the operating table is
affected. Leading to an increased possibility of tissue damage.

Another factor that can cause a rise in dependence is visual
feedback. A surgeon might overcompensate with force, and this,
in turn, might lead to unintended tissue trauma. This would also
take the learning curve for robotic surgery further. The effective
development of haptic feedback systems should also take place.

3.2 Cognitive and physical strain on surgeons due to interface
limitations

One of the major concerns regarding the application is
the cognitive and physical strain on the surgeon when using
them. Robotic systems can fatigue a surgeon after continuous
operation since hand-eye coordination becomes a strain. Added
to this is the fact that complex control interfaces mean adding
cognitive load as well. For example, too many screens and too
many controls to manage can be overwhelming. In addition,
awkward postures add to the surgeon’s physical discomfort. As
a result, surgeon performance may also be affected, thus leading
to an increased risk of errors.

Figure 2. Intelligent Decision Support Framework

Machine learning makes autonomous adjustment possible.
Predictive models assist in the preparation of surgical events.
The system learns from past procedures, too. An important
element is strong training datasets. Therefore, it is a diverse
validation of algorithms on multiple surgical scenarios. Thus,
it is an integration of machine learning with real-time imaging
for adaptation. Mobile access to advanced algorithms comes
from the utilization of cloud-based Al platforms for further
advancement.

4. Recommendation: Designing the Next-Generation
Surgical Robotics Interface

The next generation of surgical robotics interfaces will
need careful design. It must be safe and intuitive. Multimodal
feedback should be at the core of these recommendations. Also,
standardizing Al-driven automation is necessary. Moreover, an
invitation to discuss ethical and regulatory matters is to be made.
Thus, such recommendations shall be the guideposts for the
future. They will be enhancing surgical robotics and patient care.
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4.1 Incorporating multimodal feedback to create an intuitive
interface

The incorporation of multimodal feedback will make sure the
experience feels more intuitive. In other words, visual, haptic,
and auditory feedback contributes to the richness of perception.

In addition, augmented reality overlays will supply contextual
details. What is more, voice commands will offer hands-free
manipulation. For example, real-time anatomical data can be
delivered to surgeons. Dynamic haptic feedback also evolves
with tissue properties. In turn, this provides the surgeon with
a more natural way of interfacing and, hence, better dexterity
and precision. Multimodal feedback will, in the end, enhance
situational awareness.

Moreover, thermal feedback can also be included.
Furthermore, the use of physiological data can also be beneficial.
A design for user interfaces that can be personalized toward the
preferences of the surgeon will be required. This, therefore,
will provide appropriately adjustable feedback settings to
increase comfort. Thus, such feedback could be included in
training simulations to be able to provide multimodal feedback.
Besides, explicit control interfaces are involved. Besides, this
particular approach involves the seamless integration of sensory
information.

4.2 Harmonizing Al-driven automation to enable safer and
more reliable procedures

The standardization of Al-driven automation can make
surgical procedures both safer and more reliable. In particular,
standard protocols for Al need to be developed to avoid variation.
Also, rigorous algorithm testing should be done on Al to make
it validated.

Equally, clear operational guidelines shall help reduce risk.
For example, they shall ensure that Al-driven surgical planning
is validated. In addition to standard data formats, such offers
improved predictability in surgical procedures, enhanced patient
safety, and reliability of Al systems.

Moreover, the development of fail-safe mechanisms is
important. Furthermore, AI modules need to be integrated
following standard protocols. Also, certification programs need
to be created for Al-assisted surgical systems. This means the
regulatory bodies will have to make clear guidelines so the Al
systems are safe and perform to standards. In addition, open-
source Al libraries should be developed to accelerate innovation.
Such an approach fosters collaboration and transparency as well.

4.3 Ethical and Regulatory Concerns in AI-Assisted Surgery.

The top priority is the ethical and regulatory issues in
Al-facilitated surgery. Chiefly, it is important to make sure
data about patients is kept private and secure. In addition,
the responsibility for Al decisions is properly defined. And
mitigating the algorithmic bias and ensuring fairness would be
the support. For example, the systems based on Al should be
made transparent and explainable. Added to this must be the
agreement for the activities where Al contributions are made.
Therefore, there is a need to guide such development through
ethical frameworks. Hence, clear guidelines on regulation by the
regulatory bodies. This eventually builds trust among the public
in such technology. Also very important is the development of
transparent and explainable Al systems. These would be the
independent ethics review boards.
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Therefore, it would be possible for such boards to consider the
ethical aspects of Al applications. Thus, developing international
standards. Besides, it is necessary to teach and train surgeons to
enforce Al ethics. This will further ensure the responsible and
ethical integration of Al.

5. Conclusion

Advanced HMI has begun to revolutionize robotic-assisted
surgeries. The role of haptics is to enhance sensory feedback for
greater control. Automation plays its part in stabilizing the entire
process while reducing fatigue. Collectively, these technologies
produce procedures that are safe and efficient. As research
moves on, surgical robotics will change and improve further.
Eventually, though, it is the advances in HMIs in precision
surgery that will carry this forward in the future. Global uptake
of such technologies speaks strongly to a paradigm change in
how surgery is done.

In addition, the growing integration of perspectives from both
culture and clinic would act as a guide for futuristic innovations.
The resultant increase in advanced surgical care accessibility is
expected across the globe. Such that there will be a need for
continual international collaboration to ensure equity in the
diffusion of such advancements.

6. References

1. Otaduy MA, Lin MC. Force sculpting for virtual surface
manipulation, in IEEE Transactions on Visualization and
Computer Graphics, 2006.

J Artif Intell Mach Learn & Data Sci | Vol: 1 & Iss: 1

Okamura AM. Haptic feedback in robot-assisted minimally
invasive surgery. Curr Opin Urol, 2009;19:102-107.

Kober JJ, Petersik JA, Klatzky JR. Haptic cues for virtual object
manipulation in IEEE Transactions on Haptics, 2012.

Taylor RH, Jensen P, Whitcomb L, Barnes A, Kumar R, et.al. A
steady-hand robotic system for microsurgical augmentation. Int
J Robo Res 1999;1031-1041.

Kazanzides P, Fichtinger G, Okamura AM. Shared control for
robot-assisted needle insertion in Proceedings of the 2008 IEEE
International Conference on Robotics and Automation 2008.

DiMaio S, Salcudean R. Needle insertion modeling and
simulation, in IEEE Transactions on Robotics and Automation
2003.

Hannaford B, Sturges RD, Lee P, Rogers GW. Force-feedback
cursor control’, in Proceedings 1991 I|EEE International
Conference on Robotics and Automation 1991.

Okamura AM, Webster ND, Lum MA, Rosen MJ, Howe RD.
Toward increased force feedback in robot-assisted minimally
invasive surgery”, in Proceedings of the 2004 IEEE International
Conference on Robotics and Automation 2004.

Taylor RH, Jensen PWhitcomb L, Barnes A, Kumar R,
Stoianovici D, Gupta P, et.al, A steady-hand robotic system for
microsurgical augmentation. International Journal of Robotics
Research 1999.


https://pubmed.ncbi.nlm.nih.gov/19057225/
https://pubmed.ncbi.nlm.nih.gov/19057225/
https://link.springer.com/chapter/10.1007/10704282_112
https://link.springer.com/chapter/10.1007/10704282_112
https://link.springer.com/chapter/10.1007/10704282_112
file:///E:/URF/JAIMDS/JAIMLD%23551/chrome-extension://efaidnbmnnnibpcajpcglclefindmkaj/https:/www.irisa.fr/lagadic/documents/position/2018_PhD_subject_needle.pdf
file:///E:/URF/JAIMDS/JAIMLD%23551/chrome-extension://efaidnbmnnnibpcajpcglclefindmkaj/https:/www.irisa.fr/lagadic/documents/position/2018_PhD_subject_needle.pdf
file:///E:/URF/JAIMDS/JAIMLD%23551/chrome-extension://efaidnbmnnnibpcajpcglclefindmkaj/https:/www.irisa.fr/lagadic/documents/position/2018_PhD_subject_needle.pdf
https://ieeexplore.ieee.org/document/1236759
https://ieeexplore.ieee.org/document/1236759
https://ieeexplore.ieee.org/document/1236759
file:///E:/URF/JAIMDS/JAIMLD%23551/chrome-extension://efaidnbmnnnibpcajpcglclefindmkaj/https:/www.cs.jhu.edu/~rht/RHT%20Papers/1999/Steady-Hand%20Robotic%20System.pdf/
file:///E:/URF/JAIMDS/JAIMLD%23551/chrome-extension://efaidnbmnnnibpcajpcglclefindmkaj/https:/www.cs.jhu.edu/~rht/RHT%20Papers/1999/Steady-Hand%20Robotic%20System.pdf/
file:///E:/URF/JAIMDS/JAIMLD%23551/chrome-extension://efaidnbmnnnibpcajpcglclefindmkaj/https:/www.cs.jhu.edu/~rht/RHT%20Papers/1999/Steady-Hand%20Robotic%20System.pdf/
file:///E:/URF/JAIMDS/JAIMLD%23551/chrome-extension://efaidnbmnnnibpcajpcglclefindmkaj/https:/www.cs.jhu.edu/~rht/RHT%20Papers/1999/Steady-Hand%20Robotic%20System.pdf/

