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Abstract 

Soft robotics has emerged as a transformative approach in marine biology and aquatic 

research, offering gentle and adaptive manipulation of delicate biological specimens. This paper 

presents the development of a soft robotic gripper based on pneumatic networks (PneuNets) with 

integrated force feedback systems designed specifically for the underwater environment. The 

innovation allows for precise, non-invasive handling of irregular and fragile marine organisms 

such as corals, sponges, and soft-bodied invertebrates. We describe the design process, fabrication 

techniques, force sensing integration, and testing outcomes. Our results demonstrate the gripper’s 

effectiveness in underwater missions, promoting safer, more ethical specimen collection and study. 
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1. Introduction  

Soft robotic systems have redefined the possibilities of mechanical interaction with fragile, 

irregular objects, especially in environments like deep-sea research where precision and 

delicacy are paramount. Traditional rigid manipulators often cause damage to biological 

specimens, necessitating the shift towards softer, more adaptable technologies. Innovations in 

materials science and actuation mechanisms have fueled the development of such systems, with 

particular interest in pneumatic actuation for underwater applications. 

In aquatic research missions, capturing live organisms for study presents unique challenges 

due to varying pressures, water currents, and the biological sensitivity of specimens. The 

current study aims to bridge the gap between biological requirements and robotic capabilities 

by developing a soft gripper with integrated force feedback, enhancing both control and 

situational awareness during delicate manipulation tasks. 
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2. Literature Review 

2.1 Early Developments in Soft Robotic Grippers 

Early research in soft robotics focused on biomimetic designs inspired by octopus tentacles 

and starfish limbs, which exhibit inherent compliance. Shepherd et al. (2011) introduced 

pneumatic networks (PneuNets) as a method for actuating silicone-based soft actuators, 

allowing for flexible motion with minimal mechanical complexity. These early PneuNet 

designs were groundbreaking for their ability to adapt shape according to external forces and 

object geometries. 

Following this, Ilievski et al. (2011) demonstrated a range of soft robotic components 

suitable for aqueous environments, suggesting that soft actuators could outperform traditional 

devices in terms of grip adaptability and fragility management. Although force feedback 

integration remained rudimentary in these early stages, the foundation for soft underwater 

grippers was laid, encouraging subsequent researchers to focus on sensing and control 

enhancements. 

 

3. Objective 

The primary objective of this study is to develop a soft robotic gripper tailored for 

underwater research that can gently and reliably grasp irregular biological specimens. By 

integrating real-time force feedback, the system aims to minimize specimen damage during 

handling, a critical advancement for marine biology research practices. 

Another goal is to enhance operator control and robotic autonomy through sensory 

integration, improving situational awareness underwater where visual feedback is often limited. 

The gripper must perform reliably in varying underwater pressures, with rapid response 

capabilities and minimal energy consumption. 

 

4. Methodology 

4.1 Design and Fabrication 

The gripper design incorporates a three-fingered configuration made from platinum-cured 

silicone rubber, ensuring flexibility and biocompatibility. Internal pneumatic networks are 

patterned to provide uniform bending motion upon pressurization. An embedded microchannel 

system allows for uniform air distribution across the fingers. 

Fabrication utilized a combination of 3D printing for mold creation and casting for silicone 

pouring. The microchannels for pneumatic networks were carefully designed using CAD 

software, ensuring optimized actuation efficiency. A modular base allows easy attachment to 

remotely operated vehicles (ROVs). 

4.2 Integration of Force Feedback 

Force sensing was achieved through flexible piezoresistive sensors embedded along the 

inner surface of each gripper finger. These sensors monitor contact forces and transmit real -
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time data to the control system, which can dynamically adjust pneumatic pressures to prevent 

excessive force application. 

The feedback system includes a closed-loop controller that modifies input pressure based on 

the sensed force thresholds. Calibration procedures involved applying known forces to the 

fingers in a controlled laboratory setup to develop accurate force response curves. 

 

 

Figure 1: Soft Robotic Gripper Design with Integrated Force Feedback 

 

5. Experimental Setup and Testing 

5.1 Laboratory Testing 

Initial tests were conducted in a laboratory tank simulating deep-sea conditions, including 

pressure variation and current flow. Specimens such as artificial corals and soft sponges were 

used to assess gripping capability. Metrics such as grip strength, slippage rate, and response 

time were recorded. 

Data was collected over 100 gripping trials, showing a 92% success rate without specimen 

damage. The force feedback system improved performance, reducing average gripping force 

by 27% compared to open-loop operation. 

5.2 Field Testing 

Field trials involved deploying the gripper on a small ROV at a coastal marine site. Real 

biological specimens such as jellyfish, sea cucumbers, and delicate anemones were targeted. 

The system maintained stable operation under variable currents and temperatures.  

Operators reported improved control confidence due to real-time force feedback 



Journal of Asian Scientific Research (JASR)  https://joasr.com/ 

 

4 

visualization. No specimens were injured during retrievals, demonstrating the gripper’s 

effectiveness for ethical biological sampling. 

 

Table 1: Gripper Performance Metrics 

Metric Laboratory Testing Field Testing 

Successful Grips (%) 92% 89% 

Average Force Applied (N) 1.8 2.0 

Slippage Rate (%) 5% 7% 

Response Time (ms) 220 250 

 

 

Figure 2: Success Rate Distribution in Laboratory vs Field Testing 

 

6. Results and Discussion 

The results clearly demonstrate that integrating force feedback into pneumatic soft grippers 

significantly enhances the ability to handle delicate underwater biological specimens. The 

modular design permitted easy customization and attachment to existing marine exploration 

platforms. 
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Field results matched laboratory expectations, validating the design under real-world 

conditions. Challenges such as sensor drift and minor leakage in pneumatic lines were observed 

but deemed manageable with routine maintenance protocols. 

 

7. Conclusion 

The development of a soft robotic gripper using pneumatic networks integrated with force 

feedback has demonstrated significant promise for delicate underwater biological specimen 

manipulation. By combining compliant materials, bioinspired design principles, and real-time 

sensing, the system addresses key limitations of traditional rigid robotic manipulators, such as 

the risk of specimen damage and the lack of tactile feedback. Laboratory and field trials 

confirmed that the gripper could successfully and safely capture a range of irregular, fragile 

marine organisms under diverse environmental conditions. The integration of force feedback 

greatly enhanced operator confidence and control precision, setting a new benchmark for 

ethical and efficient marine biological sampling. 

Looking ahead, the findings of this study pave the way for further innovations in soft robotic 

systems, particularly in the domains of autonomous underwater exploration and minimally 

invasive sampling. Future improvements, such as incorporating faster actuation mechanisms, 

advanced sensor arrays, and machine learning-driven adaptive control, could further elevate 

the capabilities of soft robotic grippers. Ultimately, this technology not only supports scientific 

research efforts but also promotes sustainable interaction with vulnerable marine ecosystems 

by minimizing human and mechanical impact. 
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