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Abstract: In the era of rapid technological advancement today, the Stewart platform, as a six-degree-of-freedom parallel robot
mechanism, has demonstrated broad application potential and significance across multiple domains. Nevertheless, with the
continuous expansion of application fields and the escalating technical requirements, the Stewart platform confronts pivotal
challenges in further enhancing its performance, broadening its application scope, and strengthening system stability. Responding
to these challenges, this paper adopts a comprehensive research approach, integrating the latest engineering technologies and
theoretical analyses, to delve into the technological development trends and future innovation directions of the Stewart platform
from three perspectives: structural optimization, innovative control strategies, and advancements in materials science. Firstly,
leveraging advanced computational tools and algorithms, the structural design of the Stewart platform is optimized to enhance
its load-bearing capacity and motion accuracy while reducing energy consumption. Secondly, artificial intelligence-based control
strategies are introduced, utilizing learning algorithms to refine the motion control of the Stewart platform, thereby achieving
operations with higher precision and faster response times. Lastly, the application of novel materials such as carbon fiber
composites and shape memory alloys is explored to elevate the mechanical properties and adaptability of the Stewart platform.
The research focus of this paper lies in driving the performance upgrade and application expansion of the Stewart platform
through technological innovations, particularly in scenarios demanding high precision and stability. Through these investigations,
the paper underscores the pivotal roles of structural optimization, intelligent control, and materials science in the development
of the Stewart platform, offering theoretical foundations and practical guidance for future technological innovations and
applications.
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progress in this field by comprehensively reviewing the
technological development of the Stewart platform and
predicting its future trends. Initially designed for flight
simulators, the Stewart platform, due to its unique structure

1. Introduction

In the vast realm of future exploration, the Stewart platform,
as a parallel mechanism with six degrees of freedom, holds

immense potential in applications such as flight simulators(!,
medical equipmentl], satellite antennas®l, and telescope
positioning™. With continuous technological advancements
and innovations, the technological development and
innovation trends of the Stewart platform have emerged as a
topic worthy of profound exploration. This paper aims to
provide readers with a macro perspective on the research

and superior performance, has gradually been applied in
various scenarios requiring high precision and stability. As
research on the Stewart platform deepens, scholars have
discovered that optimizing its design and control strategies
can significantly enhance its performance and expand its
application range. In particular, when tackling complex issues
like time-varying loads, the Stewart platform has
demonstrated unparalleled advantages.

Figure 1. Application of Stewart Patform



Among the numerous research achievements, the Stewart
platform driven by digital hydraulic cylinders has paved a
new path for technological development in this field with its
outstanding control characteristics and superior performance.
Compared to traditional electro-hydraulic position servo
systems, digital hydraulic cylinders not only improve the
system's response speed and accuracy but also significantly
enhance its resistance to contamination and interference.
Furthermore, the kinematic and dynamic models established
based on spatial vector relationships and the Newton-Euler
method provide a theoretical foundation for understanding
and optimizing the performance of the Stewart platform.

Additionally, the performance of the Stewart platform in
specific application scenarios, such as the secondary mirror
adjustment mechanism of large optical telescopes, reveals its
immense potential in precision control and high-performance
requirements. The introduction of permanent magnet
synchronous motors (PMSM), with their high power density,
excellent dynamic performance, and high reliability, has
brought new development opportunities to the servo control
system of the Stewart platforml®l. Nevertheless, the challenge
posed by time-varying loads remains an issue that requires
urgent attention.

In summary, the technological development of the Stewart
platform is currently undergoing rapid transformation. Future
research must not only focus on enhancing its performance
through technological innovations but also explore new
application areas and solutions to address increasingly
complex application demands and challenges. Through
continuous research and innovation, the Stewart platform will
undoubtedly play an even more crucial role in future
industrial automation and precision control fields.

a Position and Speed -

2. Current Research Status at Home
and Abroad

2.1. Current Research Status in China

In future explorations, Stewart platform technology, as a
crucial industrial advancement, exhibits a diversified
development trend in its research status both domestically and
internationally. Although domestic research in the field of
Stewart platforms started relatively late, significant progress
has been made in recent years, particularly in high-precision
control and application development.

Domestic scholars primarily focus on the optimization of
Stewart platform mechanisms, control system design, and
application expansion. In terms of mechanism optimization,
research efforts have centered on improving the platform's
motion accuracy and load-bearing capacity through structural
design enhancements. For instance, by introducing novel
materials and refining mechanical structures!®l, researchers
have successfully enhanced the rigidity and stability of the
platform, which is crucial for boosting its overall performance.
Additionally, catering to the needs of specific application
scenarios, domestic researchers are also dedicated to
developing dedicated Stewart platforms with higher precision
and faster response speeds.

Regarding control system design, domestic research
encompasses not only traditional Proportional-Integral-
Derivative (PID) control strategies but also more advanced
control theories such as sliding mode control and adaptive
control”). The application of these advanced control strategies
has significantly improved the operational stability and
reliability of Stewart platforms in complex environments. For
example, by adopting model-based control methods,
researchers can more accurately predict and regulate the
platform's behavior, thereby ensuring operational safety while
maintaining efficiency.
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Figure 2. Sliding mode control

In terms of application expansion, domestic researchers
have actively explored the potential of Stewart platforms in

various fields. Beyond the traditional realms of mechanical
manufacturing and aviation simulation, the technology of



Stewart platforms has also been attempted in emerging areas
such as earthquake simulation and entertainment facilities.
These cross-disciplinary applications have not only

broadened the usage scenarios of Stewart platforms but also
facilitated the innovation and optimization of related
technologies.

Figure 3. Stewart Platform entertainment facilities

2.2. Current Research Status Abroad.

In future explorations, the advancements and innovative
trends of Stewart platform technology will be particularly
significant. By delving into the current research status
internationally, it becomes evident that this field is
undergoing a technological revolution, where innovative
design concepts and technological applications continue to
propel it forward.

On one hand, from the perspective of control
characteristics, the application of digital hydraulic cylinders

offers fresh insights into optimizing the performance of
Stewart platforms. Compared to traditional electro-hydraulic
position servo systems, digital hydraulic cylinders exhibit
remarkable advantages in terms of contamination resistance
and anti-interference capabilities. Through designing and
simulating a comparison between digital hydraulic cylinders
and the original electro-hydraulic servo cylinders, researchers
have successfully demonstrated that digital hydraulic
cylinders exhibit control characteristics similar to the original
system, thereby opening up a new avenue for enhancing the
precision and stability of Stewart platforms.

Figure 4. Digital hydraulic cylinder

On the other hand, significant progress has been made in
the research of load-time-varying servo control systems for
Stewart platforms, catering to the application requirements of
precision equipment such as large optical telescopes. The
adoption of Permanent Magnet Synchronous Motors (PMSM)
as the driving source, with their high power density, excellent
dynamic performance, and high reliability, provides effective
technical support for addressing the challenges of secondary
mirror adjustment mechanisms in large-aperture telescopes.
Furthermore, the study delves into the relationship between

speed loop bandwidth and load, as well as the impact of load-
time variation on speed loop control performance, which is
crucial for optimizing the dynamic response and stability of
Stewart platforms in practical applications.

Moreover, to tackle the issues of random motion and
uncoordinated movement between docking mechanisms and
locking mechanisms, a comprehensive dynamic docking
control architecture integrating sensing, planning, and motion
control has been proposed. This architecture utilizes laser
sensors and Charge-Coupled Device (CCD) cameras to



accurately perceive the target pose and employs potential
functions in multi-dimensional space for docking path
planning, achieving rapid convergence of the docking
mechanism and significantly enhancing the accuracy and
stability of the docking process. Additionally, the modified
research on Gough-Stewart platforms offers a new
perspective for technological advancements in this field. By
modifying the classical platform and considering the solution
to forward and inverse kinematics problems(®!, as well as
implementing visualization programs and control algorithms,
it not only facilitates production cycles and scientific research
activities but also enables the solution of more complex and
updated problems.

3. Development Trend

In future explorations, the technological advancements and
innovative trends of Stewart platforms demonstrate
multifaceted development potential. One of the research focal
points has been the performance optimization of Stewart
platforms through in-depth studies and the application of

Wy

advanced control theories, coupled with digital hydraulic
cylinder technology. The adoption of digital hydraulic
cylinders not only enhances the system's response speed and
accuracy but also significantly boosts its anti-interference
capabilities, which are crucial for improving the operational
stability and precision of the platform.

Moreover, with the extensive application of Permanent
Magnet Synchronous Motors (PMSM) in the servo control
systems of Stewart platforms, their high power density and
superior dynamic performance provide a solid foundation for
the high-performance operation of precision equipment such
as large optical telescopes. The use of these motors reduces
system development and manufacturing costs while
enhancing the programmability and ease of maintenance in
the later stages.

Addressing the issue of load-time variation, research
efforts have focused on strategies such as adopting sliding
mode variable structure control to improve the design of
speed loop controllers. This effectively enhances the system's
adaptability to load changes, ensuring operational stability
and reliability.
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Figure 5. Control of Permanent Magnet Synchronous Motors

In the development of autonomous docking technology, the
establishment of an integrated dynamic docking control
architecture that integrates sensing, planning, and motion
control enables docking mechanisms to swiftly and accurately
accomplish docking tasks with targets. This technological
advancement not only enhances the flexibility and accuracy
of the docking process but also makes precise operations in
complex environments feasible. Modifications to the Gough-
Stewart platform, including the solution of forward and
inverse kinematics problems and the development of
visualization programs, have further expanded its application
range and efficiency. These improvements allow the platform
to handle more complex tasks while also providing
researchers with convenient experimental and verification
tools.

The technological development of Stewart platforms is
currently undergoing rapid transformation. From high-
performance drive systems to sophisticated control strategies,
to highly integrated dynamic docking technologies, various
innovations continue to propel Stewart platforms towards
higher precision, greater load-bearing capacity, and wider

application scenarios. In the future, with the continuous
emergence of new materials and algorithms, Stewart
platforms will play an even more significant role in fields
such as industrial automation, aerospace, and deep-sea
exploration.

4. Conclusion

In future explorations, the technological advancements and
innovative trends of Stewart platforms present multifaceted
development opportunities. By comprehensively analyzing
current research progress and the challenges faced, it can be
foreseen that this field will usher in a series of revolutionary
changes.

The original design of Stewart platforms aimed to provide
a control mechanism with six degrees of freedom, a
characteristic that renders them particularly crucial in high-
precision and high-performance applications. With
technological advancements, improvements and
optimizations of Stewart platforms have been ongoing.
Furthermore, as material science, sensor technology, and
artificial intelligence evolve, further innovations in Stewart



platforms are likely to focus on enhancing their adaptability,
upgrading operational intelligence, and expanding their
application domains. For instance, utilizing advanced
materials to reduce platform weight and increase strength, or
integrating higher-precision sensors and machine learning
algorithms to optimize motion control and decision-making
processes.

In summary, the future development of Stewart platform
technology will be diversified and comprehensive. Through
the integration and innovation of interdisciplinary
technologies, future Stewart platforms will become more
intelligent, efficient, and adaptable to a broader range of
application requirements. These advancements will not only
propel the development of industrial automation and
precision engineering but also provide more robust technical
support for humanity's exploration of unknown territories.
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