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Abstract

Laparoscopic surgery relies heavily on stable and precise visualization, which is essential for achieving
optimal surgical outcomes. Traditionally, camera stabilization in laparoscopic procedures has been performed
manually by an assistant or through the use of mechanical stabilizers. However, these conventional methods
present several challenges, including hand fatigue, inconsistencies in camera movement, coordination
difficulties between the surgeon and the assistant, leading ultimately to interruptions in the surgical workflow.
Suboptimal imaging stability can lead to prolonged operating times, increased surgeon frustration, and a higher
risk of complications.

Robotic-assisted camera stabilization has emerged as an innovative solution to overcome these limitations,
offering enhanced precision, stability, and hands-free operation. This paper describes the drawbacks of manual
laparoscopic camera holding and mechanical stabilizers, highlighting how robotic and semi-robotic systems
can significantly improve surgical visualization. The Galaxi robotic camera holder, developed by Articulus
Surgical Pvt Ltd, exemplifies a semi-robotic approach that integrates advanced motorized controls, an optics-
agnostic design, and cost-effective automation to enhance laparoscopic procedures. Galaxi presents a
transformative solution for modern laparoscopic surgery. The study further evaluates its impact on workforce
challenges, procedural efficiency, and healthcare accessibility.

Keywords: Laparoscopic surgery, robotic-assisted stabilization, semi-robotic systems, surgical visualization,
Galaxi robotic camera holder, minimally invasive surgery, economic feasibility, workforce efficiency, camera
stabilization, surgical automation.

1. Introduction

Laparoscopic surgery, also known as minimally invasive surgery (MIS), has revolutionized modern medicine
by significantly reducing patient recovery time, minimizing surgical trauma, and lowering the risk of post-
operative complications compared to traditional open surgery. The widespread adoption of laparoscopic
techniques has enhanced surgical precision, improved patient outcomes and patient’s acceptability. However,
despite its numerous advantages, laparoscopy presents certain technical challenges, one of the most critical
being the need for stable and precise visualization of the surgical field.

In laparoscopic procedures, visualization is achieved through a high-definition camera inserted into the
surgical site via a small incision. The camera transmits real-time images to a high-definition monitor, allowing
the surgeon to navigate and perform the procedure without direct line-of-sight access to the surgical site.
Traditionally, this camera is operated manually by a trained surgical assistant, who must continuously adjust
the angle, position, and depth focus of provide the surgeon with a panoramic view. This manual method,
however, has several limitations. Human fatigue, inconsistent movements, and coordination difficulties
between the surgeon and the assistant hence often compromise the stability and quality of visualization.
Additionally, the need for constant verbal communication between the surgeon and the assistant can lead to
increasing operative time and cognitive load on both parties.
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With advancements in robotic technology, semi-robotic camera holders such as Galaxi, developed by Articulus
surgical Pvt Ltd, offer a promising alternative to traditional manual techniques. These systems incorporate
precise motorized controls, hands-free operation, and optimum stabilization mechanisms there by significantly
reducing human error. Unlike fully robotic surgical systems, which can be very expensive and require
extensive training, semi-robotic solutions like Galaxi provide an affordable and user-friendly platform that can
be seamlessly integrated into existing laparoscopic setups of all makes.

Semi-robotic camera stabilization has broader implications for workforce distribution and healthcare
accessibility. Robotic and semi-robotic solutions can help bridge the workforce gap by reducing dependency
on highly skilled surgical assistant. This allows hospitals and surgical centers to maintain consistent surgical
quality, avoiding OT crowding. Furthermore, the economic benefits of semi-robotic systems by reducing
operative time, minimizing complications, and improving workflow optimization. These technologies
contribute to cost savings for hospitals and make advanced laparoscopic procedures more accessible to a larger
patient population. This system changes the whole ecosystem of operating room to a more advantageous setup
and a step forward to introducing standardized operating protocols.

This paper aims to evaluate the current challenges associated with manual laparoscopic camera stabilization,
compare available technological solutions, and explore how semi-robotic systems like Galaxi enhance surgical
efficiency. Additionally, it will examine the economic considerations and workforce implications of adopting
robotic-assisted stabilization, highlighting its role in shaping the future of minimally invasive surgery.

2. Current Challenges with Manual Laparoscopic Camera Holding

2.1 Human Fatigue and Stability Issues

One of the most significant challenges in laparoscopic surgery is maintaining a stable and optimal field of
view (FOV) throughout the procedure. In traditional setups, an assistant manually holds the laparoscopic
camera, often for prolonged durations. This leads to muscle fatigue, and involuntary micro-movements, which
compromise the stability of the image. Compromised field of vision, increasing the likelihood of surgical
errors and prolonging operating time. Studies have highlighted these drawbacks [2].

2.2 Communication Limitations

Laparoscopic surgery relies on seamless coordination between the operating surgeon and the camera-holding
assistant. The surgeon must frequently communicate instructions regarding camera positioning, zoom, and
angulation to optimise surgical field viewed on monitor screen. This above limitation demands the need for a
more intuitive and direct control mechanism that allows a surgeons himself to adjust the camera position
without relying on communication inconsistency and lag.

2.3 Inconsistent Movement

Unlike robotic systems that provide smooth and calibrated motion, human-operated cameras are prone to
inconsistent movements. Even the most skilled camera-holding assistants cannot maintain perfectly stable
hand positioning for longer periods. Unintended jerks, momentary shifts in focus, and improper angulation
can disrupt the surgeon's workflow and force them to pause and request realignments. In certain critical
situations, where precision and time is of paramount—such as during complex dissections an unstable camera
image can significantly increase surgical difficulty and risk.

© 2025, IJSREM | www.ijsrem.com DOI: 10.55041/IJSREM41689 | Page 2



http://www.ijsrem.com/

Ggégl T 33%

i# IJSREM
*g_ﬁ International Journal of Scientific Research in Engineering and Management (IJSREM)
ReLsaE  Volume: 09 Issue: 02 | Feb - 2025 SJIF Rating: 8.448 ISSN: 2582-3930

2.4 Training and Skill Variability

Not all camera-holding assistants have the same level of training and expertise. This leads to frequent
readjustments and interruptions during surgery. The surgical assistants may struggle to anticipate the surgeon’s
preference. The need for constant verbal guidance slows down the procedure and increases cognitive load on
the surgeon, who must focus on both performing the surgery and instructing the assistant simultaneously. A
standardized, robotic approach to camera stabilization can eliminate these inconsistencies and guarantee
uniform performance regardless of the assistant’s experience level.

2.5 Instrumental collision

Instrumental collision is a common challenge in laparoscopic surgery. By minimizing instrument clashes,
Galaxi camera holders improves surgical ergonomics, enhance visualization, and reduce surgical
complications. This technology is most beneficial in complex laparoscopic procedures, allowing for a
smoother workflow.

3. How Robotic Stabilization Reduces Human Error

3.1 Precision and Stability

Robotic camera holders significantly enhance surgical visualization and accuracy by eliminating human
fatigue and movement variability. These systems provide a stable, consistent image throughout the procedure,
allowing the surgeon to focus entirely on operative tasks without being distracted by camera instability. The
precision-controlled motors that respond instantly to the surgeon's inputs for camera transitions. Various
studies [5] give have shown that robotic-assisted camera systems improve surgical accuracy and precision
even in long surgeries.

3.2 Hands-Free Operation and dual control option

One of the greatest advantages of robotic camera holders is that they can be controlled real-time by the surgeon
using the joystick which is mounted on the OT table. Additionally an in built custom control button on the
laparoscopic instrument, thereby streamlining workflow and improves communication-related errors. This
direct control allows the surgeon to maintain an uninterrupted workflow, reducing operative time. The joystick
which has got smoother control than the hand, can also be manipulated by the assistant as well ensuring
extended flexibility.

3.3 Enhanced Workflow Efficiency

Robotic camera holders greatly improve workflow efficiency by eliminating procedural delay, manual
adjustment and verbal communication. The advantage of seamless and real time integration with surgical
movements improves the quality operating time. This has been agreed upon by several clinical studies [1].

3.4 Reduction in Surgical Complications

With a stable and clear field of view, surgeons can execute procedures with greater precision,

Needless to say that precision avoids complication and operating room chaos. This improves surgeons extra
confidence and accuracy allowing him to give his best. This all translates to safe outcome even in complex
and prolonged surgeries.
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3.5 OT room space and user friendly design

One of the key considerations in adopting new surgical technology is its impact on the operating room (OT)
environment. Traditional robotic-assisted systems often require large, dedicated spaces, making them difficult
to install in smaller hospitals or crowded OT setups. Semi-robotic camera holders like Galaxi are designed
with a compact and user-friendly approach, ensuring minimal intrusion into the OT space. Unlike fully robotic
surgical systems, which often demand dedicated infrastructure and setup procedures. Galaxi offers a portable
and adaptable design concept. Additionally, the learning curve for semi-robotic systems is relatively low,

ensuring quick adaptation to the technology with minimal training.

4. Comparison between Manual Camera Holding, Mechanical

Stabilizers, and Robotic Holders

Manual Camera

Mechanical Stabilizers

Robotic Camera

Feature Holding [6] [6] Holders (e.g., Galaxi)
Low (prone to Moderate (better than High (consistent
Stability hand tremors and ||manual but still requires ||stability with
fatigue) adjustments) automated control)
Dependent on Limited control, requires |Precise surgeon-
Control ) L S )
assistant’s skill manual repositioning controlled adjustments
. . None (fully
Fatigue Factor High Moderate automated)
Communication . None (direct control
Required High Moderate by the surgeon)
Affordable upfront
Cost Low Moderate cost, but long-term
benefits.[4]
Learning Curve |Low Moderate Low (initial training

required)
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5. Economic and Workforce Implications

The integration of robotic-assisted camera stabilization systems in laparoscopic surgery is not only a
technological advancement but also an economic and workforce optimization strategy. The increasing in
popularity of minimally invasive surgical procedures put immense demand on health care system particularly
on countries like India. The use of robotic camera holders effectively addresses major disadvantages of
traditional laparoscopic surgeries replacing it with precision, stability, automation and reducing load on skilled
workforce while enhancing surgical outcomes.

5.1 Addressing the Shortage of Skilled Surgical Assistants

In India and other developing nations, where to retain a skilled surgical personal is a significant challenge in
rural and semi-urban healthcare facilities. The ratio of surgeons to the patient population remains critically
low, and the shortage of adequately trained surgical assistants further compounds the problem. In such cases,
automating the camera-holding function which is seamless and smooth, thereby eliminating the need for
trained assistant. This effectively bridge the workforce gap and ensure high quality surgeries and help
standardising the surgical procedures. This is particularly beneficial in high-volume surgical centers, where
optimizing human resources is essential to meeting patient demands.

5.2 Cost-Benefit Analysis
While the initial investment in robotic camera stabilization systems may be higher than traditional manual

camera-holding techniques, the long-term economic benefits far outweigh the upfront costs. One of the most
significant advantages of robotic camera holders is the reduction in overall operating time. By contrast,
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seamless and precise camera control, this allows hospital to perform more number of surgeries, reduces
surgical wait time and ultimately improves hospital revenue.

Beyond efficiency gains, robotic camera system also contribute to cost savings by reducing surgical
complications. Poor visualization due to human-induced camera instability can lead to accidental tissue
damage, prolonged surgeries, and increased post-operative complications. Each of these factors contributes to
higher healthcare costs, including extended hospital stays.

6. Unique features of Semi-Robotic Systems like Galaxi

As the demand for precision, efficiency, and cost-effectiveness in laparoscopic surgery continues to grow,
semi-robotic systems like Galaxi offer a compelling solution to some of the most persistent challenges in the
field. Unlike fully robotic surgical platforms, which require substantial financial investments and dedicated
infrastructure, semi-robotic systems provide an optimal balance between automation portability and
affordability. Galaxi is an advanced semi-robotic laparoscopic camera holder designed to enhance surgical
visualization, streamline workflow efficiency, and improve the overall surgical experience without completely
replacing human expertise. Its key features, such as optics-agnostic design, portability, and cost-effectiveness,
make it a highly adaptable tool for modern surgical settings. By integrating Galaxi into laparoscopic
procedures, hospitals and surgical centres can achieve best surgical outcome with affordable cost.

6.1 Optics-Agnostic Design

One of the most significant advantages of Galaxi is its optics-agnostic design, which allows it to integrate
seamlessly with a wide variety of laparoscopic camera systems available in the market. Unlike some robotic
camera holders that are restricted to specific brands or proprietary systems, Galaxi is built with universal
compatibility, making it a flexible and future-proof investment for hospitals. Institution can integrate it into
their current setup, significantly reducing additional costs while maximizing the benefits of robotic-assisted
image stabilization.

The optics-agnostic nature of Galaxi also ensures that it can be used across various surgical specialties,
including general surgery, gynaecology, urology, and bariatric surgery. The above procedures require different
types of endoscope and visualization, Galaxi system offers without the need for additional modifications. This
feature makes it a highly valuable tool for hospitals aiming to standardize their laparoscopic procedures while
maintaining high precision and efficiency.

6.2 Portability and User friendly ergonomics

One of the major limitations of traditional robotic-assisted surgical platforms is their lack of mobility and the
extensive setup required before each procedure. Many fully robotic surgical systems demand dedicated
operating rooms, specialized personnel, and a complex learning curve, making them inaccessible to many
hospitals, particularly in resource-limited settings. In contrast, Galaxi is designed to be compact, portable, and
easy to integrate into any standard operating room setup without requiring extensive modifications.

This is especially beneficial for smaller hospitals and ambulatory surgical centers that may not have the
infrastructure to support a fully robotic system but still require enhanced surgical visualization. Ease of use is
another critical factor that sets Galaxi apart from other systems. Many advanced robotic platforms require
extensive training for both surgeons and operating room staff before they can be implemented effectively.
Galaxi, on the other hand, is designed with an intuitive user interface, making it easy to learn and operate with
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minimal training. Its plug-and-play functionality allows surgical teams to quickly adapt to the system without
disrupting existing workflows.

6.3 Cost-Effective Semi-Robotic Solution

One of the most significant barriers to the widespread adoption of robotic-assisted surgery is cost. Fully robotic
surgical systems, require substantial financial investment, making them inaccessible to many hospitals,
particularly in developing countries. Galaxi addresses this issue by offering a cost-effective semi-robotic
alternative that delivers many of the benefits of robotic stabilization without the high costs.

Affordability, low maintenance and advanced surgical efficiency makes it prudent investment even in small
setup. Hospitals can perform more surgeries within the same timeframe, leading to increased revenue and
better utilization of surgical resources.

6.4 Training module and joystick control

Moreover, Galaxi plays a crucial role in making robotic-assisted laparoscopic surgery accessible to a broader
range of healthcare facilities, including smaller hospitals and training institutions. Medical education centers
can benefit from Galaxi by providing trainees with a stable and high-quality visual field, improving the
learning experience and skill development in laparoscopic surgery. This contributes to the long-term goal of
increasing the number of skilled laparoscopic surgeons, particularly in regions facing a shortage of trained
professionals.

The joystick control system in the Galaxi robotic camera holder provides intuitive, surgeon-controlled camera
navigation with precise, real-time responsiveness. Its ergonomic design ensures comfort during prolonged
procedures, while the intuitive interface allows seamless movement in multiple directions—pitch, tilt, zoom,
and rotate—without relying on an assistant. Adjustable sensitivity settings cater to individual surgeon
preferences, enhancing control and visualization during minimally invasive surgeries. The joystick is designed
for ease of use, allowing quick mastery with minimal training, and its integration with the Galaxi system
ensures smooth communication between the user input and camera movement. This advanced control
mechanism significantly reduces hand tremors, provides stable visuals, and ultimately improves surgical
efficiency and outcomes.

7. Conclusion

Laparoscopic surgery continues to evolve, and camera stabilization remains a critical factor for surgical
success. Traditional manual camera holding methods introduce various challenges, including human fatigue,
inconsistent movements, and communication barriers. Mechanical stabilizers offer some improvements, but
they lack the precision and automation needed for optimal visualization.

Robotic camera holders such as Galaxi address these issues by providing precise, stable, and surgeon-
controlled camera positioning. With features like optics-agnostic compatibility, adjustable scope length, and
portability, Galaxi represents a significant advancement in laparoscopic visualization technology. As cost
effective semi-robotic solutions continue to gain adoption, they are poised to enhance surgical efficiency,
reduce human error, and ultimately improve patient outcomes.
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