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Abstract

Traditional digital exhibition in museums suffers from lack of tactile perception, insufficient im-
mersion and easy wear of cultural relics. This paper presents an immersive interactive device for
cultural relic exhibition based on haptic simulation and feedback technology. Following the re-
search philosophy of simulation prior to physical implementation, the system adopts a three-layer
architecture consisting of upper computer, control hub and execution terminal. The improved SFS
algorithm is used to reconstruct the 3D surface morphology of cultural relics with high precision
from 2D images. A mapping model between geometric image features and piezoelectric vibration
feedback is established to realize the conversion from visual information to physical tactile sensa-
tion. The hardware is designed as a fingerstall structure integrated with ESP8266, equipped with a
four-channel piezoelectric vibration array, pressure sensors and attitude sensors, delivering light-
weight, low-latency and high-sensitivity tactile feedback. Dual software platforms for computer and
mobile phone are developed, and a local area network is built via mobile hotspot. The computer
acts as a server for real-time data calculation, supporting free image scaling, regional selection and
multi-terminal collaborative interaction for cultural relics. Experimental results and design analy-
sis show that the device can accurately simulate the texture, contour and surface geometric features
of cultural relics, and effectively make up for the sensory defects of traditional digital exhibition. It
has great application potential in cultural relic protection, immersive popular science and barrier-
free navigation.
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Figure 1. Overall flow chart
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Figure 2. Schematic diagram of the fingertip vibration array of the finger sleeve device
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Figure 3. Flow chart of ESP8266 multi-channel motor control system based on LAN
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Figure 4. 3D morphology reconstruction of the rabbit model with different iteration times. (a) Single iteration reconstruction result of
rabbit test image; (b) Reconstruction result of rabbit test image after 35 iterations; (c) Reconstruction result of rabbit test image after
70 iterations
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Figure 5. Reconstructed contour sketch of the vase model after 1 iteration
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Table 1. Record of convergence process of optimized algorithm (simulation)
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Figure 7. Schematic diagram of mapping principle between cultural relic surface features and tactile rendering
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Figure 8. PWM values of motors at different positions of the vase
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