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Design and Experiment of Large-scale Visuotactile Gripper for
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Abstract ; Stable and non-destructive grasping of soft, slippery, and fragile foods remains a key challenge
for automated filling equipment in central kitchens. To address slippage, damage, and the difficulty of
real-time force perception during the grasping of typical foods such as lion’ s head meatballs, a large-
scale visuotactile flexible gripper was developed. The gripper featured a two-finger enveloping structure
and a four-bar parallel driving mechanism, using a 0. 03 mm transparent polycarbonate ( PC) film as the
flexible contact interface, realizing the enveloping and clamping of soft and fragile food. An embedded
camera captured marker displacement and contact-region images. A physics-informed neural network
(PINN) -based force estimation model was constructed by using marker displacement, divergence, and
curl features, while incipient slip detection was achieved through contact-region segmentation and optical
flow analysis. A calibration platform was established to synchronously collect visuotactile images and
external force signals, forming a visual displacement — contact force dataset for model training and
validation. For normal force estimation, the PINN model achieved an RMSE of 0.095 N, an MAE of
0.091 N, and a mean relative error of 5.40% , outperforming the non-PINN model. Grasping

experiments on lion’ s head meatballs, bread, strawberries, banana pieces, and tofu cubes showed that
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the gripper maintained enveloping contact under external disturbance, and that slip intensity variations

reflected the interfacial stability of different foods. Most samples exhibited no obvious damage. The

results demonstrated that the proposed gripper can simultaneously provide contact compliance, force

perception, and slip detection, offering an integrated sensing-and-actuation solution for the automated

handling of soft and fragile foods.

Key words: soft and fragile food ; enveloping grasping; large-scale visuotactile gripper; physics-informed

neural network; grasping force estimation; incipient slip detection
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Fig. 10 Slip detection mask and segmentation results
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Fig. 14  Grasping experiment procedure and results analysis
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