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: while ensuring stability during manipulation tasks. Additionally, environmental
Introductlon factors such as temperature, humidity, and surface texture can affect
material properties and sensor accuracy, necessitating robust compensation
techniques to maintain consistent performance. Experimental validation
plays a crucial role in assessing the effectiveness of adaptive force control
strategies. Testing involves evaluating the gripper’s ability to handle objects
of varying shapes, weights, and fragility under different conditions. Metrics
such as gripping success rate, force distribution, and energy efficiency provide
insights into the performance of the control system. Comparative studies
with traditional gripping methods help highlight the advantages of adaptive
control, demonstrating improvements in object handling precision and safety.
Applications of soft robotic grippers with adaptive force control extend beyond
industrial automation. In healthcare, they can assist in prosthetic hands
and rehabilitation devices, offering gentle yet firm grasping capabilities for
individuals with motor impairments. In agriculture, soft grippers equipped
with adaptive force control can handle delicate produce such as fruits and
vegetables without causing damage [3-5].

Soft robotic grippers have gained significant attention due to their ability
to handle delicate and irregularly shaped objects, making them ideal for
applications in industries such as food processing, medical assistance, and
automated manufacturing. Unlike traditional rigid robotic grippers, soft robotic
grippers leverage flexible and deformable materials to conform to the shape
of the object being grasped. However, their compliance also introduces
challenges in force control, as maintaining an optimal grip without damaging
the object or losing hold requires precise and adaptive control strategies. To
address this issue, the development of an adaptive force control strategy is
essential for enhancing the performance and reliability of soft robotic grippers
in dynamic environments. Adaptive force control enables soft robotic grippers
to respond in real time to variations in object properties, external disturbances,
and gripping conditions. This is achieved by integrating sensor feedback,
control algorithms, and actuation mechanisms that dynamically adjust the
gripping force based on real-time data. Description

A key component of this strategy is the use of force and tactile sensors, i
which provide continuous feedback on contact forces and object deformation. COHC'USIO“
By processing this sensory information, the control system can fine-tune
actuation parameters to ensure a secure grip while minimizing excessive
force application. Machine learning techniques have proven to be valuable in
improving the adaptability of force control strategies. By leveraging data-driven
approaches, the system can learn from previous grasping experiences and
optimize control parameters based on object characteristics. Reinforcement
learning, for example, allows the gripper to refine its force control policy by
iteratively interacting with different objects and receiving feedback on grasping
success. Additionally, neural networks can be trained to recognize patterns
in sensor data and predict the appropriate gripping force for various object
types, reducing the need for manual parameter tuning. The implementation
of an adaptive force control strategy requires a combination of hardware and
software components. The hardware typically includes soft actuators made
from materials such as silicone or elastomers, which provide flexibility and
compliance. These actuators are driven by pneumatic, hydraulic, or shape-
memory alloy systems that regulate grip strength. Embedded sensors, including
force-sensitive resistors, capacitive sensors, and optical pressure sensors,
enable real-time monitoring of interaction forces. The software component
involves control algorithms that process sensor data and adjust actuation
signals accordingly. Proportional-Integral-Derivative (PID) controllers, fuzzy Acknowledgment
logic controllers, and Model Predictive Control (MPC) are commonly used
techniques for real-time force regulation [1,2]. None.

Additionally, in space exploration, these grippers can be used for
extraterrestrial sample collection, where traditional rigid grippers may struggle
with irregularly shaped or fragile materials. Future advancements in adaptive
force control for soft robotic grippers will likely involve the integration of
advanced artificial intelligence techniques, improved sensor technologies, and
bio-inspired design principles. The development of self-healing materials and
embedded intelligence in soft actuators could further enhance the durability
and autonomy of these systems. Moreover, the incorporation of cloud-based
learning and shared datasets across robotic platforms may accelerate the
adoption and refinement of adaptive force control strategies. The development
of an adaptive force control strategy for soft robotic grippers represents a
significant step forward in robotic manipulation. By leveraging real-time sensor
feedback, machine learning, and advanced control techniques, these grippers
can achieve precise and adaptable object handling. The continued evolution of
this technology holds promise for a wide range of applications, from industrial
automation to healthcare and beyond, shaping the future of robotic interaction
with the physical world.

One of the primary challenges in adaptive force control for soft robotic
grippers is achieving a balance between compliance and precision. Excessive  Conflict of Interest
compliance can lead to unstable gripping, while overly rigid control may
compromise the inherent advantages of soft robotics. To overcome this,
hybrid control strategies that combine position control with force feedback are
often employed. These approaches allow the gripper to maintain adaptability

None.
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