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Abstract

:

In order to effectively save material- and time-related costs in sustainable rhinoceros skin lacquering technology, a three-dimensional construction method is developed based on optical microscope tomography and computer image recognition technology. By analyzing the influence of the underlying twisting method, the number of lacquer layers and the grinding process, the pattern presentation process of rhinoceros skin lacquer is shown in three-dimensional space, and the relationship between pattern style and process flow is further revealed. Computer-aided technology can design and simulate the presentation of the pattern in virtual space, providing a priori guidance for the production of rhinoceros skin lacquerware and new ideas for the innovation of process methods.
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1. Introduction


China was the first country to produce and use lacquer, and the discovery of natural raw lacquer can be traced back to more than 7000 years ago [1,2,3,4,5]. There are 471 kinds of lacquer art techniques [6], including rhinoceros skin lacquer. As an important craft of lacquerware, rhinoceros skin lacquer is one of the decorative techniques that has survived in traditional Chinese lacquer art with very high artistic and research value. Rhinoceros skin lacquer, because of its different polished patterns and brilliant colors, is often likened to tiger stripe lacquer and pineapple pattern lacquer. At present, there is still controversy in academia about the date of origin of rhinoceros skin lacquer. According to the literature [6], rhinoceros skin lacquerware appeared in the Tang Dynasty (618~907 AD). In 1984, a pair of rhinoceros skin lacquer ear cups were unearthed from the Tomb of Eastern Wu in the Three Kingdoms. Mr. Wang Shixiang believed that rhinoceros skin lacquer was present before the Three Kingdoms period. Rhinoceros skin lacquerware made great progress during the Song and Yuan dynasties (10th to 14th centuries AD), and the production technology matured day by day. During the Ming and Qing dynasties, the development of the rhinoceros skin craft reached the optimum level.



There are generally two kinds of traditional Chinese lacquerware production techniques: one is carved, such as carved red lacquer and carved red lacquer with a black layer, namely “TiHong” and “TiXi”, etc.; the other is depicted with gold and silver. However, rhinoceros skin lacquer is a unique technique with a wonderful texture, and it is neither depicted nor carved. At present, there are two main theories about the origin of the rhinoceros skin lacquering technique: one is the “saddle origin theory”, and the other is the “belt rhinoceros skin theory” [7]. Due to the unevenness of ancient saddles or belts, their color and pattern change with long-term contact with other objects. Lacquerware craftsmen were inspired to imitate this in the process of making lacquerware and developed the rhinoceros skin lacquer process. Rhinoceros skin lacquer technology has become more and more mature after many generations of development and inheritance [8,9,10,11,12], and the production of delicate rhinoceros skin lacquerware must go through the processes of scraping clay, cloth pasting, wrinkling, mane lacquer, grinding and so on. The production process is different for different materials. The whole process is complex and demanding, and the completion of a perfect piece of work takes many years. The final presentation of the piece of work will reflect the quality of the process in each element, such as whether the surface is flat, whether the grain is smooth, whether the grinding process is in place, whether the color lacquer is fresh, etc.



The beauty of rhinoceros skin lacquer lies in its varied and flowing lines, the vivid color between the layers of lacquer, and the rich layers, which make its pattern change and natural and flexible. The flow of the line changes depending on the shape of the twisting. The original meaning of “twisting” refers to a small hill made of soil, using tools such as loofahs to pile up the adjusted lacquer into a small hill of uneven height. Different twisting methods and different lacquer ratios will form different shapes, heights and dense mounds, which can produce many types of textures [13]. When the bumps are smoothed, a cross-sectional pattern of the lacquer layer is revealed, taking on a whirlwind eye or terraced shape [14]. Rhinoceros skin lacquer patterns are commonly decorated with flake clouds, round flowers and pine scales. In the production process of rhinoceros skin lacquer, dozens of layers of color lacquer should be applied. The richer the lacquer layer, the fuller the layer of pattern displayed. The color lacquer is mainly red, yellow and black. There is also gold cover lacquer, in which gold leaf is pasted on the surface after the mane lacquer, and then the color lacquer is covered with alternating colors [6]. Contrasting colors between layers are often used instead of the same color system. The traditional rhinoceros skin lacquer has different colors such as “red, yellow and black” and “red, yellow, green and black”, and the color of the lacquer layer is related to the vividness of the entire artifact pattern. Therefore, the design and production of beautiful lacquerware should take into account many aspects, as well as the coordination of texture and the shape of the utensils and materials.



Lacquerware production takes quite a long time; each main lacquer needs to be fully dried through the lacquer layer before the follow-up process. The production of rhinoceros skin lacquer is particularly complex, requiring dozens of repeated color lacquers, and after the completion of the lacquer layer, fine grinding, polishing and other processes also need to be carried out. The whole process takes months to years. An error in any of the stages can lead to imperfections in the lacquerware. Due to the difficulty of precisely controlling the process conditions and the lack of systematic theoretical guidance, many excellent techniques are on the verge of being lost, and the rhinoceros skin lacquer craft is one such technique. The comprehensive inheritance and development of lacquer art culture needs to explore new methods and directions [15,16,17]. Limited studies about twisting and surface structure have been reported recently, such as the variable coating technique and grinding technique [18,19,20,21,22]. At present, the research on the lacquer process focuses on art appreciation, lacquer composition, proportion, lacquer film properties and the control of lacquer layer drying conditions. This work attempts to use reconstruction and simulation technology from a new perspective to demonstrate the relationship between the presentation effect of rhinoceros skin lacquer pattern and the process flow from the perspective of three-dimensional space, providing a priori method guidance for rhinoceros skin lacquerware production [23,24,25,26,27]. On this basis, to a certain extent, it is expected to create more novel and exquisite patterns. The results can be foreseen, thereby resulting in saving materials, processes and time costs. This experiment focuses on the twisting and the number of color lacquer layers in the rhinoceros skin lacquer production process, exploring the relationship between the final presentation of the rhinoceros skin lacquer pattern and the shape, density and height of bottom twisting. At the same time, the relationship between the number of lacquer layers and the fullness of the pattern is also revealed. The results show the mystery and beauty of rhinoceros skin lacquer craftsmanship in an intuitive way.




2. Materials and Methods


The researchers first built and simulated a three-dimensional model of bottom twisting, and then laid the lacquer layer by layer, obtaining a three-dimensional simulation model. Subsequently, the model was polished from the top layer, from which the pattern display and change process could be seen. Autodesk Maya 3D animation software was used for 3D construction production. NURBS, POLYGON and SUBDIVISON tools in the Modeling module were adopted to build the initial shape of the model. Then, NURBS and POLYGON in the Artisan module were utilized to modify and sculpt the obtained model. At last, the final visual presentation was generated by the Rendering module. Detailed information about Maya is shown as follows: (1) Click the “File” option to build a simulation scene; Maya will automatically process a set of files. Import the design sketch or intent image into the “source images” folder, and then return to “View” in the operation interface to import the image and adjust the “Alpha Gain”. (2) Select “Create Polygon” in “Mesh Tool” or “Create Polymorphic Cube on Grid” on the toolbar, and then click “Multi-Cut Tool” to modularize the initial surface and build a large paint base tire model. (3) Control the “vertices” of the plane with the “Offset” tool to pull out the surface, and flexibly adjust the bottom twisting of the lacquer according to the desired style. (4) Use the “Extrude” tool to pull out the bottom tire model and the bottom twisting model to the desired thickness, and control the keyboard “2” and “3” (corresponding to “Frame + Smooth Polygon Mesh Display” and “Smooth Polygon Mesh Display”) to adjust the model “twisting” shape angle and height. (5) Repeat step 2 to make the “paint” layer, adjust the surface “vertices” according to the bottom tire and the model “twisting” to make the model fit completely, and then use the “Offset” option to pull out the thickness of the paint layer. (6) Repeat step 5. This step simulates the “painting” process. The “painting layer” model is stacked on the x-axis coordinate system until a satisfactory effect is achieved. (7) Open the “paint” mode to obtain the texture display and change process, and choose the depth freely and flexibly to simulate the sandpaper “grinding” process through the “Boolean operation” (“difference” or “cutting” of the model). (8) Render the model and add materials to simulate the color texture and distribution of the paint layer for the final presentation of the real object through the Hypershade interface. (9) Finally, export the model file to obj format or stl format, and print it through 3D printer equipment.



A square wooden block was selected. Scraping clay, cloth pasting, wrinkling, mane lacquer and other procedures were used to prepare a sample that was not yet polished. The color alternated between red, black and gold, following grinding with 800 mesh sandpaper layer by layer. A canon 6D2 camera with an old frog 1000 mm macro lens was used to record the polished image until the lacquer layer was all sanded off the end. The resulting series of images were calibrated with image processing software ImageJ, and the images were added to form a stack of pictures, and a side view of the stack images was generated. Starting from the unpolished top of the lacquer layer, the photo was displayed layer by layer. The change process of the pattern with the sanding process can be seen from the position of the preferred pattern, and the depth of the position of the image in the lacquer layer was located in the side view.



The picture stack was finally imported into the 3D reconstruction software Avizo. The middle part of the area was selected, and the bottom twisting shape was reconstructed in three dimensions to build a model of the twisting, which corresponded to its relationship with the surface pattern presentation.




3. Results and Discussion


3.1. 3D Model Aided Design


It was found that the presentation of the lacquer pattern has a great relationship with the shape, density or height of the bottom layer of twisting. The color setting of the lacquer layer and the number of layers are also directly related to the vividness and fullness of the lacquerware. In order to make the computer-aided design more instructive, we explored the influence of different twisting structures on the skin pattern. We firstly simulated the cases of point-type and linear-type twisting structures separately (Figure 1 and Figure 2). The results show that the linear-type twisting has a better consecutive pattern. Random-point- and linear-type twisting structures have a more realistic surface structure (Figure 3). Furthermore, we could design the twisting structure to obtain more comprehensive and interesting structures (Figure 4). The skin pattern could be effectively adjusted by computer-aided means according to the needs, which provided guidance for subsequent rhinoceros skin coating technology development. Therefore, we developed a 3D construction method to virtually build a rhinoceros skin lacquer model in real space and analyzed the twisting and grinding process from a more intuitive perspective, so as to provide guidance for personalized design and practical teaching.



As a result, the bottom twisting style and lacquer layer color setting could be changed, and new models could be quickly obtained. It is expected that in subsequent design and production, the three-dimensional model of the designed underlying twisting can be directly imported into the 3D printing software as data, and the actual structure can be printed and directly used for lacquerware production. Three-dimensional scanning software can also be used to directly depict handmade twisting. The obtained data can be imported into the software, directly simulating the pattern shape that may occur in the later stage.




3.2. 3D Structural Analysis


The lacquer texture gradually changes with the grinding process, and the pattern gradually appears (Figure 5 and Figure 6). It could also be clearly seen that the pattern does not reach the degree of fullness before the polishing is carried out to the position of Figure 6f. As the polishing progresses, the pattern of image 6f is optimal, and the colors and layers are the richest. By continuing to polish, the bottom twisting part begins to be exposed, and the image form evolves accordingly. After the polishing is carried out to Figure 6h, the image aesthetics are significantly insufficient. Figure 7 is a comparison chart showing the enlarged details of the high-definition picture. In this experiment, the three adjacent layers of red, black and gold lacquer are counted as a set of layers, and the number of circle layers around the vortex pattern gradually increase with grinding at the beginning. The number of lacquer layers around the vortex pattern in the observed area is gradually increased from 4 to 12, corresponding to the position of Figure 7c and Figure 6f. With further grinding, the number of coil layers of the vortex begins to decrease, as in Figure 7c, and the number of lacquer layers is reduced to three.



In order to analyze the depth position of Figure 6f in the lacquer layer, we added this series of pictures together to make a stack and analyzed the side view of this stack. We browsed the photos layer by layer from the top floor down, then paused when we reached the best image position (Figure 6f), and finally analyzed the side view. The yellow cross in Figure 8a is positioned in a vortex pattern position, and the side views of Figure 8b,c show the specific depths corresponding to the side lacquer layer. The cross intersection is the selected vortex position. It can be seen that the image is the richest and most beautiful when the polishing is carried out to the highest point of the bottom twisting. In addition, from the side view Figure 8b,c, it can be seen that the overall thickness of the entire lacquer is higher than the highest part of the bottom layer twisting. It is easy to take into account the optimal pattern and the overall flatness of the lacquer surface.



Figure 9 shows the structure of the underlying twisting using a three-dimensional reconstruction method. Figure 9a is a three-dimensional model, and Figure 9b is the corresponding position display of the model. Figure 9c is the corresponding side view. The position of the bottom twisting protruding is on the surface image, showing a swirling pattern; the concave position between the twistings shows an irregular-shaped thread. The number of layers is small, and the spacing between the layers is wide, with many edges and angles. The junction between twistings is often a ridge-like protrusion pattern due to slight height undulations. Therefore, according to the pattern presentation of the utensils, it is possible to roughly guess the bottom twisting method. According to their own expectations, the display of the pattern can be designed to a certain extent.




3.3. Typical Rhinoceros Skin Lacquer Production


Through the above analysis, the mystery of the flow and change in rhinoceros skin lacquer can be revealed. In order to obtain exquisite lacquerware, craftsmen need to strictly control all aspects, from the beginning of lacquerware production to the presentation of the entire effect. Figure 10 shows several representative rhinoceros skin lacquer craft works from the author’s studio, from which the diversity of bodies, shapes, colors, patterns, etc. can be perceived. Figure 11 is an optical picture of a cross-section obtained from a rhinoceros skin leather cup after being broken. The picture is a panoramic view obtained from more than 60 high-definition photos after being positioned, superimposed and combined, which can clearly identify the continuity, color and shape of different lacquer layers.





4. Conclusions


The presentation of rhinoceros lacquer is affected by many factors, and different parameters play decisive roles in its final appearance. Its pattern lies in its rich unpredictable changes in the thickness of the paint layer and the deformation of the paint layer after drying in the shade. Additionally, different manual polishing methods can create different presentations. The time of placing and the thickness of each layer of paint can also be adjusted manually to affect the presentation of rhinoceros lacquer. Therefore, a series of parameters could be set in a virtual three-dimensional space for testing, and the final effect of the actual paint art could become more specific and referable.



Although the rhinoceros skin lacquer process has a long history, records of its craft characteristics and expression methods are relatively rare. The related skills are generally inherited by master and apprentice, and few written records are left. It is necessary to provide rhinoceros skin lacquer a new era through the exploration and innovation of a variety of methods. Analyzing the process flow of rhinoceros skin lacquer based on the three-dimensional reconstruction method is an attempt to solve the current problem. It provides a new direction for craftsmen to design lacquerware and enriches the materials used for practice and teaching. It should be recognized that the beauty of rhinoceros skin lacquer lies in its rich unforeseen changes. Changes in the thickness of the lacquer layer, deformation after the lacquer layer is dried and different manual grinding techniques can create different presentation effects. Computer-aided design can only simulate the general outline to a certain extent and cannot fully interpret the beauty of rhinoceros skin lacquer. Interdisciplinary cooperation still requires continuous exploration and efforts from generation to generation of lacquer artists.







Author Contributions


Conceptualization: T.T.; methodology: D.L. and M.L.; project administration: J.H. and Y.Z. All authors have read and agreed to the published version of the manuscript.




Funding


This research received no external funding.




Institutional Review Board Statement


Not applicable.




Informed Consent Statement


Not applicable.




Data Availability Statement


Data is contained within the article.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



Song, X.T.; Yang, Y.Z.; Yang, R.; Shafi, M. Keeping Watch on Intangible Cultural Heritage: Live Transmission and Sustainable Development of Chinese Lacquer Art. Sustainability 2019, 11, 3868. [Google Scholar] [CrossRef]

	



Fan, K.K.; Li, X.H.; Lu, M.J. Sustainability Research on Promoting the Inheritance of Lacquer Art Based on the E-learning Mode—Case Study of the Popularization of Lacquer Art Education in Primary Schools in Guangzhou Area. Sustainability 2020, 12, 2195. [Google Scholar] [CrossRef]

	



Heginbotham, A.; Chang, J.; Khanjian, H.; Schilling, M.R. Some Observations on the Composition of Chinese Lacquer. Stud. Conserv. 2016, 61, 28–37. [Google Scholar] [CrossRef]

	



Sung, M.; Jung, J.; Lu, R.; Miyakoshi, T. Study of Historical Chinese Lacquer Culture and Technology-Analysis of Chinese Qin-han Dynasty Lacquerware. J. Cult. Herit. 2016, 21, 889–893. [Google Scholar] [CrossRef]

	



Xu, S.S. Analysis of the Protection, Inheritance and Development of Chinese Lacquer Art. Mass Lit. 2014, 22, 37. [Google Scholar]

	



Wang, S.X. Xiushi lujie shuo [Interpretation of the Decoration Book]. Beijing Shenghuo Dushu Xinzhi Sanlian Shudian 2013, 5, 59. [Google Scholar]

	



Wang, B.Y. Xipi qitan yuan [The Source of Rhinoceros Lacquer]. Zhongguo Shengqi 2016, 35, 7–10. [Google Scholar]

	



Chang, C.W.; Lee, H.L.; Lu, K.T. Manufacture and Characteristics of Oil-Modified Refined Lacquer for Wood Coatings. Coatings 2019, 9, 11. [Google Scholar] [CrossRef]

	



Hao, X.Y.; Schilling, M.R.; Wang, X.; Khanjian, H.; Heginbotham, A.; Han, J.; Auffret, S.; Wu, X.J.; Fang, B.S.; Tong, H. Use of THM-PY-GC/MS Technique to Characterize Complex, Multilayered Chinese Lacquer. J. Anal. Appl. Pyrol. 2019, 140, 339–348. [Google Scholar] [CrossRef]

	



Tamburini, D.; Kotonski, V.; Lluveras-Tenorio, A.; Colombini, M.P.; Green, A. The Evolution of the Materials Used in the Yun Technique for the Decoration of Burmese Objects: Lacquer, Binding Media and Pigments. Herit. Sci. 2019, 7, 28. [Google Scholar] [CrossRef]

	



Wei, S.; Pintus, V.; Pitthard, V.; Schreiner, M.; Guo, d.; Song, G. Analytical Characterization of Lacquer Objects Excavated from a Chu Tomb in China. J. Archaeol. Sci. 2011, 38, 2667–2674. [Google Scholar] [CrossRef]

	



Honda, T.; Lu, R.; Sakai, R.; Ishimura, T.; Miyakoshi, T. Characterization and Comparison of Asian Lacquer Saps. Prog. Org. Coat. 2008, 61, 68–75. [Google Scholar] [CrossRef]

	



Li, Z.W. Xipi xizhi mei [The beauty of Rhinoceros Skin Lacquer]. Zhongguo Yishu 2019, 3, 71–72. [Google Scholar]

	



Wang, S.X. Yijian zhengui deming xipi qixiang [A Precious Lacquer Box of Ming Rhinoceros Leather]. Shoucan Jia 2001, 8, 1–3. [Google Scholar]

	



Ma, J. Reflection on Inheritance and Creation of Lacquer Art in Contemporary Context. Art Obs. 2016, 10, 76–79. [Google Scholar]

	



Liu, X. From Ware to Art: Evolvement of Chengdu Lacquer Art. J. Hundred Sch. Arts 2012, 1, 172–176. [Google Scholar]

	



Gao, Y.; Kong, D. Study on the Protection of Intangible Cultural Heritage of Traditional Skills. J. Chongqing Univ. Soc. Sci. Ed. 2015, 21, 158–163. [Google Scholar]

	



Liu, Q. Study on the Application of Variable Coating Technique in Lacquer Art. Hubei Uni. Tech. 2020, 12, 731. [Google Scholar]

	



Huang, Y. The Unique Performance of Grinding Technique in Contemporary Lacquer Painting Creation. Fujian Norm. Uni. 2021, 4, 335–378. [Google Scholar]

	



Shi, L. Study on Process Optimization and Application of Changing Paint for Daily Use Lacquer. Cent. South Uni. Forestry Tech. 2021, 367, 1445–1486. [Google Scholar]

	



Zhang, J. Lacquer Art of the Application of Composite Technique in Jewelry Design. Beijing Uni. Tech. 2017, 10, 3797. [Google Scholar]

	



Liu, S. Research on the Art of Rhinoceros Skin Lacquer Art. Hubei Uni. Tech. 2019, 623, 110–126. [Google Scholar]

	



Liu, X.; Elmahdy, A.E.; Wildman, R.D.; Ashcroft, I.A.; Ruiz, P.D. Experimental Investigation and Material Modelling of Fresh and UV Aged Japanese Lacquer. Prog. Org. Coat. 2011, 70, 160–169. [Google Scholar] [CrossRef]

	



Guo, Z.Y.; Zhou, D.; Chen, J.Y.; Geng, J.; Lv, C.; Zeng, S.G. Using Virtual Reality to Support the Product’s Maintainability Design: Immersive Maintainability Verification and Evaluation System. Comput. Ind. 2018, 101, 41–50. [Google Scholar] [CrossRef]

	



Berg, L.P.; Vance, J.M. Industry Use of Virtual Reality in Product Design and Manufacturing: A survey. Virtual Real. 2017, 21, 1–17. [Google Scholar] [CrossRef]

	



Bullinger, H.J.; Richter, M.; Seidel, K.A. Virtual Assembly Planning. Hum. Factor. Ergon. Man. 2000, 10, 331–341. [Google Scholar] [CrossRef]

	



Víctor, T.; Marta, F. Enhancing Collaboration in Virtual Reality Applications. Comput. Graph. 2005, 29, 704–718. [Google Scholar]








[image: Coatings 12 01132 g001 550] 





Figure 1. Three-dimensional structural simulation model based on point-type twisting with different layers. 
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Figure 2. Three-dimensional structural simulation model based on linear-type twisting with different layers. 
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Figure 3. Three-dimensional structural simulation model on random-point- and linear-type twisting with different layers. 
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Figure 4. Three-dimensional structural simulation model on specific-point- and linear-type twisting with different layers. 
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Figure 5. The square wooden block with scraping clay, cloth paste, wrinkling, mane lacquer and other processes. 
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Figure 6. Representative patterns during the polishing of the lacquer layers. (a) Initial lacquer skin surface before polishing; the lacquer textures by polishing of the 1–10 (b), 1–19 (c), 1–28 (d), 1–40 (e), 4–53 (f), 12–53 (g), 26–53 (h) and 41–53 (i) layers. 
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Figure 7. Evolution of local details of the swirling pattern during the polishing process with different layers (a–e). 
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Figure 8. Analysis of optimal pattern and position from top view (a) and two different side views (b,c) of lacquer. 
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Figure 9. Three-dimensional reconstruction of bottom twisting (a) and bottom twisting in lacquer from different views (b,c). 
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Figure 10. Typical rhinoceros skin lacquer craft work. 






Figure 10. Typical rhinoceros skin lacquer craft work.



[image: Coatings 12 01132 g010]







[image: Coatings 12 01132 g011 550] 





Figure 11. Cross-section lacquer layer of rhinoceros skin cup. 
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