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: medical robotics, industrial automation, and wearable assistive devices. In
Introductlon medical applications, soft robots can be used for minimally invasive surgical
L . tools, prosthetic devices, and rehabilitation aids, offering gentle yet precise

The development of soft robots has revolutionized robotic systems by manipylation of biological tissues. In industrial automation, soft robots provide
offering compliance, adaptability, and safe interaction with humans and  gafe hyman-robot interaction and adaptive gripping capabilties for handling
delicate objects. Unlike traditional rigid robots, soft robots leverage deformable delicate objects, such as fruits, electronic components, and pharmaceuticals.
materials to achieve complex movements and dexterous manipulation. The  \yearable soft robots, such as exoskeletons and assistive gloves, enhance
design, fabrication, and position control of a novel three-degree-of-freedom  mopility for individuals with physical impairments by providing controlled
(3-DOF) soft robot involve integrating computational modeling, advanced  force assistance. One of the main challenges in soft robotic systems is the
manufacturmg_ techm_ques, z_1nd precise actuat!on s_trat(_egles. T_he key trade-off between compliance and control accuracy. While soft robots excel
challenge lies in ensuring precise motlor] control while maintaining the mherqnt in adaptability and safety, achieving precise positioning requires overcoming
compliance of soft structures. The design of a 3-DOF soft robot begins with  material nonlinearities and actuation delays. Hybrid approaches that integrate
computational modeling, where finite element analysis (FEA) is used to predict rigid components, embedded sensing, and advanced control algorithms help
deformations, stress distributions, and overall system behavior under different address these challenges, improving overall performance. Additionally, energy
actuation inputs. Soft robotic structures often consist of elastomers, such as efficiency remains a critical factor, as pneumatic and hydraulic actuation
silicone, due to their high flexibility and durability. The design process includes systems often require continuous pressure regulation, leading to higher power
defining chamber geometries, material properties, and actuation mechanisms  ¢onsymption. Future advancements in soft robotics will focus on enhancing
to achieve controlled deformations. Bio-inspired structures, such as pneumatic material intelligence, incorporating self-healing materials, and improving

networks and tendon-driven systems, are commonly employed to mimic  gneroy-efficient actuation mechanisms. The integration of smart materials

natural motion, providing smooth and continuous movement. that respond to external stimuli, such as temperature, light, or magnetic fields,
will further expand the capabilities of soft robots. Additionally, developing

inti compact and low-power actuation systems, such as dielectric elastomers and
Descnptlon shape-memory alloys, will enable more efficient and autonomous soft robotic

L ) ) applications [3-5].
Fabrication methods for soft robots require advanced manufacturing

techniques to achieve precise and repeatable structures. Casting, 3D -
printing, and multi-material molding are widely used to create soft actuators Conclusion

with embedded channels for fluidic or pneumatic actuation. The integration

of sensors within the soft structure enables real-time feedback, improving The design, fabrication, and position control of a novel 3-DOF soft robot
control accuracy and system adaptability. Hybrid fabrication approaches that  involve a multidisciplinary approach, combining computational modeling,
combine soft materials with rigid components allow for enhanced functionality advanced manufacturing, and adaptive control strategies. By leveraging bio-
while maintaining flexibility. Ensuring airtight chambers in pneumatic systems  inspired designs, embedded sensing, and intelligent control algorithms, soft
is crucial for efficient actuation and minimal energy loss. Position controlin soft  rohots can achieve precise motion while maintaining their inherent compliance.
robots presents unique challenges due to the nonlinear material properties  The continuous evolution of soft robotic technology will lead to new possibilities
and high compliance of soft actuators. Traditional rigid-body control strategies i varjous fields, improving safety, functionality, and interaction with the
are not directly applicaple, necesgitating mogiel-based or data-driven control environment. Additionally, energy efficiency remains a critical factor, as
approaches. One effective method involves using closed-loop feedback control,  yneymatic and hydraulic actuation systems often require continuous pressure
where embedded sensors, such as strain gauges, pressure sensors, or optical  eqjation, leading to higher power consumption. Future advancements in
encoder§, pr'owde real-time 903"'9” data. T.hese sensors help'compensate for soft robotics will focus on enhancing material intelligence, incorporating self-
hysteresis, time-dependent material behavior, and external disturbances that healing materials, and improving energy-efficient actuation mechanisms.
affect soft robot motion. Machine learning and artificial intelligence techniques The integration of’ smart materials that respond to external stimuli, such as

play a V'ta.l role in .|mpr0v!ng position contrgl by e”‘?‘b"”g predlctllve. modeling temperature, light, or magnetic fields, will further expand the capabilities of soft
and adaptive learning. Reinforcement learning algorithms can optimize control o . .
robots. Additionally, developing compact and low-power actuation systems,

policies based on repeated interactions with the environment, reducing . . .
o . . . such as dielectric elastomers and shape-memory alloys, will enable more
position errors over time. Neural networks can also be trained to map actuation officient

inputs to precise deformations, allowing for more accurate position estimation
and control. The use of Model Predictive Control (MPC) further enhances the

system by accounting for dynamic constraints and optimizing control actions Acknowledgment
in real time [1,2].

Applications of a 3-DOF soft robot span multiple industries, including None.
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