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Abstract
Rockeries have a complex and significant role in classical Chinese garden designs. They present distinct artistic characteristics and spatial hierarchies and are crucial to garden heritage conservation. Craftsmanship in rockery construction is a significant part of China’s intangible cultural heritage. Rockeries are primarily composed of naturally occurring rocks chosen for their uniqueness and complex shapes and textures. These rocks present challenges as nonstandard elements within the traditional Chinese garden context, as it is not easy to depict them using conventional blueprints and models. This complicates the design, adjustment, display, and construction of rockeries, which lacks tangible bases for reference. Consequently, the preservation and restoration of garden rockeries is difficult, and the perpetuation and dissemination of rockery construction skills face numerous challenges. This study introduces a method that combines laser scanning and photographic measurements to digitize precisely nonstandard elements of rockery stones. This approach presents an innovative design and construction workflow for rockeries by refining design processes, showcasing real effects, and resolving assembly issues. The results demonstrate that the combination of three-dimensional laser scanning and close-range photogrammetry can accurately replicate the complex forms and textures of these nonstandard elements. The stone coding and digital management system devised based on the logic of construction effectively satisfies the design and building requirements of rockeries. Correspondingly, the proposed digital construction workflow enhances the accuracy of rockery design, presentation, and evaluation, thereby contributing to the protection and restoration of rockery heritage sites and the transmission of rockery construction techniques.
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Introduction
Rockery, an integral element of Chinese garden heritage, is one of the most distinctive features that differentiates Chinese gardens from those of other countries and regions [1–3]. This traditional art form is featured in numerous world cultural heritage sites such as the Summer Palace and the classical gardens of Suzhou, where extensive rockery relics can be found [4]. The history of constructing rockeries in Chinese classical gardens dates back over 2000 years to the Qin and Han dynasties. Among the various aspects of Chinese garden construction, rockery construction is recognized as the most complex, challenging to learn, and difficult to replicate. Rockeries can be categorized into earthen, mixed stone and earth, and stone types, with the latter being particularly challenging to construct [5]. These artistic creations are meticulously designed and organized from naturally sourced stones with irregular geometrical shapes and complex surface textures and colors. They are assembled according to the principles of color homogeneity and pattern matching, forming elaborate, planned structures. This sophisticated skill is mastered by only a few; as a result, traditional rockery construction techniques have been designated as part of China's intangible cultural heritage [6].
The construction of traditional rockeries distinctly differs from conventional building and landscaping processes in several critical respects. Unlike the regularity, standardization, and replicability of most building or planting materials, rockery construction utilizes non-standard, unique, and irreplaceable natural stones [7–9]. Each stone features unique geometric and surface characteristics, essential for the artistic expression of rockeries. These unique attributes cannot be captured through traditional documentation methods, thus precluding the possibility of drafting preliminary design plans. Additionally, while modern design practices typically distinguish between design and construction phases [10], the specific nature of rock materials means that rockery design and construction continue to be deeply interwoven in a traditional artisan mode. The entire process is heavily reliant on the designer, who often also acts as the craftsman. This individual directly engages in the creative process on-site, orchestrating the placement of stones. This approach results in a one-time artistic creation; once the stones are positioned, further modifications to the design are not feasible. Consequently, the designer must possess an intimate knowledge of each stone’s characteristics and be adept at applying the principles governing their assembly [11]. Furthermore, the designer needs to be capable of mentally visualizing the optimal arrangement of all materials involved. This expertise requires extensive practical experience and accumulated knowledge, underscoring the need for sustained traditional apprenticeship and training in this field.
The unique properties of the materials and workflows in rockery construction pose significant challenges to the preservation and restoration of rockery heritage, as well as to the transmission and protection of associated construction techniques.	(1)
Heritage Conservation: Existing rockery sites are increasingly vulnerable to structural failures such as cracking, tilting, and collapsing attributed to factors like human activity, subsidence, and climatic variations, thus necessitating the implementation of urgent protective measures and repairs [12–14]. The lack of advanced three-dimensional (3D) stone-fitting simulation technology and visual presentation methods severely limits the ability to preplan restoration efforts. It becomes challenging to document and assess the interlocking relationships and structural features of rockeries [15–17] This gap in technology hinders comprehensive analysis and complicates stakeholder communication and decision-making, thereby impeding effective repair and reconstruction initiatives.

 

	(2)
Intangible Cultural Heritage Preservation: The perpetuation of stone-interlocking techniques, which are essential for rockery construction, is paramount [18, 19]. However, traditional transmission methods reliant on master-apprentice relationships are ill-equipped to meet modern needs owing to the absence of detailed 3D recordings and simulations of these techniques. Artisans typically convey complex construction concepts and techniques orally and through hands-on demonstrations, processes that are not only difficult to document but also challenging to learn efficiently. Learners require prolonged exposure and multiple practical experiences to grasp these skills [20–22]. This method of transmission is not only slow and inefficient but also risks the loss of these intricate techniques.

 

	(3)
Rockery Construction: The current practice of rockery construction continues to operate within a traditional framework, where a single artisan manages both design and construction. This method struggles to align with contemporary professionalized, standardized, and segmented construction processes. The absence of precise visualization tools for design and the lack of detailed material specifications hamper effective communication during the design phase, oversight and safety management during construction [12, 23]. Consequently, several rockery projects suffer from prolonged construction times, leading to deviations from intended outcomes, and potential safety hazards.

 




The majority of previous studies on classical Chinese garden rockeries have focused on historical, cultural, and aesthetic analyses and appreciation, which are predominantly qualitative and descriptive [24–27]. Although some scholars have recognized the importance of studying rockery construction techniques from a construction perspective, thereby improving traditional construction methods [28–31], only a few studies have been conducted on the construction processes and techniques of rockeries. Consequently, it is imperative to develop an enhanced rockery design and construction process that not only respects traditional techniques and artistry but also addresses the current requirements for heritage rockery restoration, the transmission of intangible cultural heritage, and the demands of modern design and construction practices.
The development of digital technologies offers innovative solutions and insights for addressing the issues outlined above. In the field of architecture digital and intelligent technologies play a crucial role throughout the entire lifecycle of projects [32–35], and in recent years they are also applied in the field of landscape [36–39]. During the digital design phase, adjustments and simulations are typically conducted based on parametric modeling [40–42]. In the architecture construction phase, reverse modeling techniques utilizing 3D laser scanning technology are extensively applied for deformation monitoring [43, 44], and quality monitoring of building components [45–47]. While these studies provide valuable insights into workflow improvements, the specific methods employed in each phase are not directly applicable to the digitalization of stone components or the simulated construction of rockeries. This limitation necessitates further exploration and adaptation of these digital techniques to suit the unique requirements of digital rockery design and simulated stacking.
In the domain of heritage conservation, digital technologies play a crucial role in various aspects such as the collection of artifact and heritage information [48–52], the establishment and classification management of heritage archives [53–57], the heritage assessment and monitoring [58–60], and enhancement of immersive heritage experiences [61–64]. Various methods, such as 3D laser scanning and photogrammetry, are employed to create digital archives for artifacts, historical buildings, and archaeological sites, to facilitate feature recognition [65, 66], and to simulate restorations [67, 68]. These innovations have introduced new methods and perspectives for protecting and managing irregular cultural heritage and immovable artifacts. While some scholars have applied 3D digitalization methods to conserve rockery heritage sites, their research has primarily focused on existing large rockery sites [53, 69–72]. Their objectives often include the quantitative identification and analysis of the spatial information and heritage value of constructed rockeries, as well as the creation of digital archives for these heritage sites.
Rockeries, as a unique type of structure, are a crucial component of cultural heritage, embodying conventional construction techniques and artistic value that are integral to intangible cultural heritage. While rockery construction shares certain similarities with architectural practices, it involves unique materials and a more complex design and construction process. Existing digital methods in the construction industry and reverse modeling techniques for cultural heritage do not directly align with the specific needs of digital design and construction for rockeries. Consequently, the digital design and simulated construction processes for rockeries require further exploration and adaptation to meet their unique demands.
Research aim
The aim of this research is to develop an efficient methodological framework for the digital design and simulated construction of rockeries that ensures the precise digital replication and systematic management of rock materials as non-standard components. The study focuses on achieving accurate 3D simulations of rock assembly, allowing for the visualization of the authentic sequence of rock stacking, interlocking features, and the overall construction outcomes. This project seeks to innovate the construction, restoration, and preservation of traditional rockery heritage by integrating digital methodologies into conventional rockery building practices. The research will be pursued based on four specific objectives:	(1)
Integration of 3D laser scanning and close-range photogrammetry to devise a precise method for digital replication of rockery rock materials.

 

	(2)
Development of a systematic coding system for rock components that is tailored for use in simulated rockery stacking, facilitating the classification and management of these components.

 

	(3)
Utilization of digital design and simulated construction techniques for rockeries to visualize traditional craftsmanship and enhance the precision of construction quantification.

 

	(4)
Establishment of an optimized workflow for digital rockery design and simulation construction processes, promoting efficiency and accuracy in heritage conservation efforts.

 






Rockery construction techniques in traditional Chinese gardens
Rockery landscapes in classical Chinese gardens aim to emulate natural mountain and water scenes, striving for an art style that appears naturally formed despite its human-crafted nature. The construction of rockeries is predominantly guided by skilled artisans who use various natural and unordered rock materials. These materials are meticulously designed, combined, and assembled into works that capture both the essence of natural beauty and ingenuous human artistry. The materials for rockery construction are sourced from nature, with each rock being unique and irreplaceable and characterized by complex forms, colors, and textures. This uniqueness leads to a construction process for traditional rockeries that is distinct from that of regular buildings or structures, giving them unique characteristics.
Rock materials
In contrast to the traditional Chinese timber structures and other regular stone buildings, the rock materials used in constructing rockeries are naturally formed and unaltered by human hands. These materials are characterized as follows:	1)
Natural formation and uniqueness: The stones used in rockeries are maintained in their natural state—unsculpted and unpolished—making each piece unique and irreplaceable.

 

	2)
Complex shapes and rich textures: The stones vary significantly in shape, containing many cavities and uneven surfaces, and exhibiting a diverse range of colors and textures.

 




In classical Chinese gardens, these stones are categorized into four main types: lake stones, yellow stones, blue stones, and bamboo shoot stones, each with distinctive characteristics (Fig. 1). Lake stone—the most used stone in classical Chinese gardens—is formed from limestone and shaped by the action of waves or the dissolution effects of acidic substances. These stones have intricate crisscrossed textures with numerous holes. Their surface textures include pitted, rugged, layered, and blocky patterns, predominantly in shades of gray and white, cyan-gray, dark gray, yellow-gray, brownish-yellow, and charcoal black. Yellow stone—a type of fine sandstone—has a regular shape and thick, dense body with nearly vertical joints, creating strong light and shadow effects. The surface textures are chiseled, blocky, layered, and smooth. The predominant color of the stone is yellow, with shades ranging from light yellow to brownish-yellow and orange-yellow. Blue stones and fine sandstones differ in their less regular joints and are often cross-weaved with slanted patterns. Common textures include chiseled, piled, and rugged, primarily showing as cyan-gray, yellow-blue, and yellow-gray. Bamboo shoot stones resemble slender bamboo shoots and are typically used to detail smaller rockery scenes rather than as the main structural elements. The surfaces of these stones often have a speckled appearance and may include vertical stripes. The colors primarily include shades of white, cyan-gray, black-gray, and yellow-gray.[image: ]
Fig. 1Classification and characteristics of rock materials



Traditional rockery construction process
The construction of rockeries involves a sequence of fundamental steps: site surveying, stone selection and transportation, foundation construction, rockery body stacking, and stone embedding to fill gaps [11, 73, 74] (Fig. 2). In traditional rockery construction, the craftsman, who serves as the project leader, plays a pivotal role. He/She bears direct responsibility for overseeing the entire construction process. The critical phase of rock stacking presents unique challenges; due to the stones' intricate geometric shapes and varied surface textures, which cannot be adequately captured or conveyed through images, the designer must rely on mental simulations to arrange the stones. This mental visualization cannot be easily shared or visualized, complicating the ability to communicate design intentions, make adjustments, or conduct quantitative structural analyses with others. Following the mental simulation, the designer instructs craftsmen to place the stones in their intended positions, a process that is iteratively repeated until the rockery's completion. This method demands considerable expertise from the project leader and incurs significant time and cost, with the leader holding sole accountability for the rockery's aesthetic and structural integrity.[image: ]
Fig. 2Traditional rockery construction process



Challenges with rock materials and traditional processes
Owing to the distinctive properties of rock materials and traditional construction processes, the building of rockeries faces several significant challenges:	(1)
Visual Representation Challenges: Rockery materials are inherently complex, making them difficult to represent with traditional two-dimensional (2D) techniques. Furthermore, rockery designs lack concrete blueprints and exist solely in the imagination of the craftsmen, who convey their design intentions through the meticulous assembly of rocks during construction. This limitation prevents the clear visual presentation of rockery plans to non-technical stakeholders, clients, and builders, complicating accurate design presentations, communications, and guidance for construction. Until a rockery is completed, no one apart from the craftsmen can fully understand, analyze, or evaluate the design.

 

	(2)
Difficulty in Design Adjustment: Once assembled, the substantial weight of the rockery stones and the complex, interconnected nature of their arrangement significantly restrict any modifications to the design. This inflexibility poses challenges when changes are required after the initial construction phases.

 

	(3)
Inefficiency and Unpredictability in Construction Management: The construction process begins with the transportation of a large volume of stones to the site, where craftsmen select only a part for the rockery construction. The surplus stones must then be removed from the site, leading to waste. Additionally, the unpredictable quantity of stones needed and the scope of the construction work complicate the precise calculation of foundational support and interlocking structures. These calculations are typically based on experience, and inaccuracies in these estimates can introduce safety risks and potential losses.

 




Given the complexity and unique characteristics of rock materials, as described in previous sections, traditional construction methods face inherent challenges that prevent them from potential adaptation to modern design and construction practices. Moreover, these challenges extend to the conservation and restoration of rockery heritage within garden landscapes, as well as the transmission of intangible cultural heritage associated with these structures. This highlights a critical need for innovative approaches to preserve effectively both the physical and cultural aspects of rockeries.


Materials and methods
Overview of methods and design
Advancements in 3D digital technology and computer graphics have introduced new methods to address the challenges in traditional rockery construction. These technologies enable the precise replication of rockery materials and the optimization of construction processes, thereby enhancing the preservation and transmission of rockery heritage and skills [75–77].
The traditional rockery construction process has been traditionally classified into two main phases: the preparation stage and the rockery design and construction stage. The proposed digital workflow refines this approach by dividing the process into three distinct phases: preparation, digital design for rockeries, and the rockery construction (Figs. 3, 4). This paper focuses primarily on the digital design phase of rockeries, structured into three key segments:	1)
The first part, Digital Replication of Rock Material, employs an integration of 3D laser scanning and close-range photogrammetry. This approach facilitates the digital capture of rock components and uses 3D mesh models to replicate the geometric forms and surface details of the stones, providing a robust foundation for subsequent digital design efforts.

 

	2)
The second part, Coding and Database Construction of Rock Materials, develops a systematic coding protocol for rock materials tailored to meet the logical and practical needs of construction. This coding, coupled with a comprehensive database, enables systematic management of a vast inventory of rock components, substantially enhancing the efficiency of both design and construction processes.

 

	3)
The third part, Digital Design and Stacking of Rockeries, executes the design and virtual assembly of rockeries within a simulated environment. This innovative process not only visualizes traditional rockery construction techniques and structures but also facilitates thorough evaluation and analyses of rockery designs. Subsequently, it allows for precise calculation of construction volumes and provides accurate, two-dimensional construction drawings derived from three-dimensional models to guide on-site work. Moreover, this digital approach greatly enhances the efficiency of communications among all stakeholders involved, including heritage managers, craftsmen, constructors, and designers.

 



[image: ]
Fig. 3Digital rockery design and construction workflow

[image: ]
Fig. 4Implementation details of the workflow


By adopting this digital methodology, the article advocates for an enhancement of traditional cultural heritage construction practices. It not only ensures the preservation and visualization of historical and traditional construction techniques but also aligns these practices with modern design and construction management standards, thereby supporting the evolving needs of contemporary heritage conservation and restoration.

Digital replication of rock materials
Three key aspects must be considered when digitally replicating the complex and varied rock materials used in traditional rockery construction. First, the capturing of the intricate surface characteristics of the rocks, including their varied textures, colors, and contours, must be considered; these are essential for the accurate modeling of the appearance of the rock. Second, precise measurements of rock dimensions are considered, as this directly influences the accuracy of the assembly. Finally, the logistical challenges associated with the management of heavy and numerous rocks during data collection must be addressed.
Previous studies on architectural and archaeological heritage have demonstrated the feasibility of integrating multisource data to reconstruct complex heritage structures digitally [78–81]. This background supports the current study’s use of both Terrestrial Digital Photogrammetry (TDP) and Terrestrial Laser Scanning (TLS) to gather data efficiently (Table 1). The TDP is used to capture the authentic colors, textures, and physical details of rock materials at a low cost and with high efficiency, whereas the TLS is utilized to record the precise dimensional data of rocks, which is useful for detailed analysis and calibration.Table 1Comparison of terrestrial digital photogrammetry (TDP) and Terrestrial laser scanning (TLS)


	 	Terrestrial Laser Scanning (TLS)
	Terrestrial Digital Photogrammetry (TDP)

	Measurement
	Large Measurement Range
	Small Measurement Range

	Measurement Accuracy
	Measurement of actual size of target object without requiring size calibration
	Measurement of relative size of target object requiring size calibration

	Accuracy of Color Texture Reproduction
	Deviation exists
	High level of fidelity

	Work Efficiency
	Speedy data acquisition;
High fieldwork efficiency;
High automation level;
Large data volume;
High redundancy
	Convenient image acquisition;
High fieldwork efficiency;
Low automation level;
High manual workload

	Working Conditions
	Can operate in all weather conditions
	Affected by external conditions such as weather and lighting

	Equipment Costs
	High
	Low

	Original Data
	Point cloud data, color images
	Color images




To validate the effectiveness of these methods, a verification step was added; in this step, both techniques were employed to capture comprehensively stone materials, ensuring the reliability and accuracy of the data. The procedures for rock data collection, processing, and verification are detailed in subsequent sections.
Data collection
Considering the unique properties of rock materials and the specific demands of rockery construction, alongside the strengths and limitations of various surveying techniques, this study employs an integrated approach utilizing TDP and TLS for the collection of 3D digital data. Given the substantial volume and weight of the rocks used in construction, which complicate handling, cranes are typically employed for their lifting and placement. To enhance efficiency and reduce repetitive handling, conducting surveys during crane operations proves advantageous. This methodology is tailored to address the unique collection requirements of rock materials while navigating challenges such as the extensive number of rocks and potential physical obstacles. To ensure efficient and accurate data gathering, several strategic approaches are formulated: one-time comprehensive collection, multiple partial collections, and calibration collection (Table 2).	(1)
One-time Comprehensive Collection: Ideal circumstances allow for the one-time comprehensive collection, where rocks can be suspended for extended periods without time constraints or spatial limitations, in an environment free from obstructions. In this scenario, data are gathered by circumnavigating the suspended rock with a camera; without the need to reposition the rock. Care is taken to avoid overly bright or dark conditions; and adjust the rock's orientation as necessary to mitigate any shadow-induced color discrepancies (Fig. 5).

 

	(2)
Multiple Partial Collections: In situations characterized by limited time, restricted space, the presence of obstacles, or situations in which the rock cannot be lifted, multiple partial collections are necessary. Initially, data from the visible part of the rock are captured. The rock is then rotated or flipped to access additional angles, with each repositioning considered a separate data collection event. A mobile camera technique is employed, ensuring that the rock's spatial position remains constant. Photographs are acquired in a spherical pattern to cover comprehensively all visible facets, typically from top to bottom in a counterclockwise direction. More images are captured in areas with significant changes in form, and fewer in flatter areas, ensuring overlapping features in adjacent photos to aid in later data processing (Fig. 5).

 

	(3)
Calibration Collection: Depending on time availability and the operational setting, 3D laser scanning captures data from at least one position for dimensional calibration, referred to as calibration collection. In areas where the rock has a complex geometry with numerous concave and convex transitions, accuracy is enhanced by increasing the number of scanning stations. Care is taken to maintain an appropriate distance from the rock to ensure comprehensive data capture from multiple facets in a single session (Fig. 6).

 



Table 2Collection scheme of rock materials


	Elements
	Data acquisition
	Technical type
	Acquisition method
	Conditions of use

	Rock materials
	The precise dimensions of the rock materials
	TLS
	Calibration acquisition
	All situations

	The form, color, texture, and texture of the rock materials
	TDP
	One-time comprehensive acquisition
	Stone can be lifted and there are no obstructions around

	Multiple partial acquisitions
	Stone cannot be lifted, or there are obstructions around the stone



[image: ]
Fig. 5Collection method of rock materials (Terrestrial Digital Photogrammetry (TDP))

[image: ]
Fig. 6Collection method of rock materials (Terrestrial Laser Scanning (TLS))


Regarding data verifications for stone labeled as LS-YG-L-001, data must be collected using the aforementioned methods. Additionally, comprehensive information on the stones was gathered using TDP, which requires multiple station setups to ensure data completeness. A complete TDP point-cloud model of LS-YG-L-001 was then developed through data integration. This model was used to verify the accuracy of the proposed dimensional calibration method.

Data processing
	1)
Data Preprocessing. The data obtained from terrestrial digital photogrammetry and laser scanning comprised point clouds and images, respectively. Preprocessing is necessary to make these data formats compatible with dimensional calibration and data fusion. The TDP data were processed using Agisoft Metashape, where photos accquired with a Nikon camera were grouped and aligned to create dense point clouds for each rock type. For TLS data, the RealWorks software program was used for preprocessing, beginning with target-free automatic stitching, followed by manual stitching and inspection, and then coloring and cleaning of the point cloud-model.

 

	2)
Data Fusion. The TDP data of rock materials obtained from one-time comprehensive captures can be directly used for dimensional calibration after cleaning. The results of multiple partial captures require fusion. The RealWorks software program was used to remove ineffective point clouds and perform automatic and manual stitching of multiple datasets to achieve a complete TDP point-cloud model of the rock.

 

	3)
Dimensional Calibration. TDP does not capture the true dimensions of objects, necessitating the calibration of the TDP point-cloud model to ensure accurate rock dimensions. After merging, the complete TDP point-cloud model was imported into the Realworks program for calibration against the TLS partial point-cloud model. Calibration was achieved by measuring the distances between multiple sets of characteristic points, calculating the scale ratio between the TDP data and actual size data, and performing scaling adjustments to ensure that the rock model reflected the correct dimensions (Fig. 7).

 

	4)
Model Construction: The fused multisource point cloud models of the rockery stones and the 3D point-cloud model of the design site were imported into Agisoft Metashape for modeling. The models were then repaired using the Geomagic software program, resulting in 3D life-like models of the stones and the design site.

 



[image: ]
Fig. 7Data fusion and dimensional calibration process



Data verification
To verify the effectiveness of the calibration methods discussed, we verified the calibrated results. A TDP point-cloud model of a rock, calibrated according to the workflow, was compared against a precise TLS point-cloud model obtained using laser scanning, and served as a standard-size reference.
By importing both the TDP and TLS models into the cloud for comparison and using the point-to-point distance calculation feature, we assessed the deviations between the TDP and TLS data. This comparison produces graphs illustrating the distribution and statistics of deviations, thereby assessing the completeness of photogrammetric measurements, dimensional accuracy, and accuracy of color and texture representations compared with actual photographs.


Coding and database construction of rock materials
To minimize confusion among rock materials and facilitate selection and pairing during rockery construction, it is essential to code each stone using a unique identification number. We proposed a coding rule based on the characteristics of rocks that aligned with the fundamental standards and logic of rockery design and construction.
In classical Chinese rocker gardens, stone assembly adheres to two principles: homogeneity in quality and color, and shape and texture alignment. The proposed coding system classifies rocks by type as a primary attribute, color and texture as secondary attributes, and individual numbers as tertiary attributes (Table 3). This systematic approach organizes rock components for better management, following the classifications introduced and summarized in Section Rock Materials.Table 3Attribute characteristics of rock materials


	Primary Attributes
	Secondary Attributes
	Tertiary Attributes

	Types
	Code
	Types
	Code
	Number

	Lake Stone
	LS
	Secondary Attributes 1: Surface Color
	1 ~ 999

	 White
	W

	 Cyan-gray
	CG

	 Dark grey
	DG

	 Yellow-grey
	YG

	 Brownish-yellow
	BY

	 Charcoal black
	CB

	Secondary Attributes 2: Surface Texture

	 Pitted
	P

	 Layered
	L

	 Rugged
	R

	 Blocky
	B

	Yellow Stone
	YS
	Secondary Attributes 1: Surface Color

	 Light yellow
	LY

	 Brownish-yellow
	BY

	 Orange-yellow
	OY

	Secondary Attributes 2: Surface Texture

	 Chiseled
	C

	 Blocky
	B

	 Layered
	L

	 Smooth
	S

	Blue Stone
	BS
	Secondary Attributes 1: Surface Color

	 Cyan-gray
	CG

	 Yellow-blue
	YB

	 Yellow-gray
	YG

	Secondary Attributes 2: Surface Texture

	 Chiseled
	C

	 Piled
	P

	 Rugged
	R

	 Layered
	L

	Bamboo Shoot Stone
	BSS
	Secondary Attributes 1: Surface Color

	 White
	W

	 Cyan-gray
	CG

	 Yellow-grey
	YG

	Secondary Attributes 2: Surface Texture

	 Speckled
	S1

	 Striped
	S2





Digital design and stacking of rockeries
Digital information is transmitted through the entire cycle of digital design, facilitating seamless integration of the planning and design phases through data exchange across multiple software platforms. The foundation of this process is data interoperability. This study used the OBJ file format to export 3D rock material models, utilizing the Rhino software program as the platform for digital design and stacking. The OBJ file format, which is known for its excellent interoperability and comprehensive feature retention, also supports both normal and texture coordinates. This ensures that the textures and colors of the rock materials are well represented in the models. By importing the encoded rock material models into Rhino, designers and heritage restoration professionals can engage in digital design and stacking within virtual scenes. This approach enabled a comprehensive and accurate depiction of the postconstruction shape, spatial layout, and dimensional characteristics of a rock. It also facilitated adjustments and comparisons among different designs. The resulting 3D models, 2D drawings, and videos served as precise references for rockery construction and provided a reliable basis for decision-making in heritage conservation and restoration.

Study area and equipment
Study area
Yangzhou, China, located at the confluence of the Yangtze River and the Grand Canal, is renowned for its traditional garden artistry, particularly its advanced rockery construction techniques. This region houses numerous invaluable rockery heritage sites and maintains traditional rockery construction techniques and styles in modern garden settings. These techniques, recognized as part of China’s intangible cultural heritage, have been continuously applied throughout the area.
The research site selected for this study is a private garden covering approximately 77.49 m2, located at 1 Garden Road, Yangzhou. Surrounded by buildings to the north and walls to the east and west, a planned rockery was constructed on the western side of the garden, near the water (Fig. 8). The construction was completed under the guidance of Fang Hui, a bearer of intangible cultural heritage, and employed traditional gardening techniques and methods.[image: ]
Fig. 8Top views of the study area



Equipment
In this study, the Trimble TX8 stationary 3D laser scanner was utilized, featuring a scanning speed of up to 106 points per second and supporting an extensive field of view of 360° × 317°, with a maximum range of 340 m. This scanner integrates an HDR panoramic camera to enrich the point clouds with true color fidelity. For thorough shape control, data were collected from at least three strategic stations surrounding each rock. Additional stations were deployed to improve accuracy in areas where rocks exhibited complex geometries and significant variations in surface contours. Photographic documentation was performed using a NIKON D7200 DSLR camera set to a resolution of 6000 × 4000 pixels, with a fixed focal length of 18 mm to maintain consistency throughout the data-collection process. The camera’s shutter speed, aperture, and sensor sensitivity were automatically adjusted by the system, with the flash disabled and without the use of exposure compensation. The number of photographs and the overlap between them were determined by the geometric complexity and the textural and color variations of the rocks’ surfaces. Regions with pronounced morphological changes required a higher number of photographs with an overlap of ~ 75%, while areas with minimal variation necessitated fewer photographs an overlap of ~ 60%, optimizing the coverage and accuracy of the 3D modeling process.
Using the specified equipment and methodologies, data were collected from 19 specimens; all the specimens were classified as lake stones, notable for their rich color palette and diverse textures, representing the entire color spectrum and texture variations typical of this stone type. A 3Dl laser scanning technique was employed to gather environmental data from 16 strategically positioned stations across the site. These data served to establish a virtual environment for subsequent design and simulations.



Results
Digital replication of rock materials
Accuracy of dimensional calibration
Using LS-YG-L-001 as an example rock material, data were collected and preprocessed to obtain the TLS-calibrated and TDP-fused point cloud rock models. Calibration involves the alignment of the six characteristic points between these models to produce a TDP model that includes accurate dimensional information (Table 4). The integrity of the calibrated model was verified using a comprehensive TLS point-cloud model. The deviations in the TDP model were analyzed, indicating an average deviation of 4.9 mm and a standard deviation of 6.1 mm (Fig. 9). These results confirm the high precision of the calibration process, suggesting the potential for this method to be widely applied in the calibration of other rock material data.Table 4Scaling ratio of LS-YG-L-001 TDP data size calibration


	Target object
	Characteristic points
	Distance
	Scale ratio

	TDP point cloud model (a)
	TLS point cloud model (b)

	Stone LS-YG-L-001
	Points 1- points 2
	10,209
	1575
	0.154

	Points 2- points 3
	7962
	1234
	0.155

	Points 3- points 4
	9651
	1505
	0.156

	Points 4- points 5
	7852
	1240
	0.158

	Points 5- points 6
	5631
	867
	0.154

	Points 6- points 1
	8450
	1284
	0.152



[image: ]
Fig. 9Deviation distribution and statistical deviation of LS-YG-L-001 TDP and TLS point cloud model



Comparison of color and texture fidelity
LS-YG-L-001, classified as “lake stone” (yellow-gray and layered), was used to validate digital replication techniques. Both the TDP-calibrated and TLS point cloud models of the rock were compared.
The TDP method matched the actual surface characteristics of the rock more closely, capturing its color, texture, and physical nuances more accurately than the TLS method. The TLS model exhibited color shifts and failed to capture the gray tone characteristics of lake stones with a general reddish tint and poor texture detail. Overall, the point-cloud model generated by the TLS method significantly lacked both color fidelity and precision compared with the TDP method. Although the camera integrated within the laser scanner captured certain surface features of the stone, it failed to reproduce adequately the colors and textures necessary for detailed rockery stacking (Fig. 10).[image: ]
Fig. 10Point-cloud and triangular models of stone LS-YG-L-001



Replicated rock material models
After calibrating the TDP point-cloud model of stone LS-YG-L-001, further cleansing, modeling, and repair were conducted to achieve a 3D triangular model of the stone. This fused model benefits from the advantages of both methods, capturing the stone’s shape and size with precision while effectively restoring its textured surface and rich colors. This demonstrates the detailed and nuanced results of the digital modeling process.
The results on the accuracy of dimensional calibration and comparison of color and texture fidelity validate our TDP and TLS integrated approach. This underscores the necessity and feasibility of digitizing rock materials. The workflow was applied to an additional 18 rocks with varying surface textures, colors, and shapes, ultimately yielding 19 rock models suitable for digital rockery design and stacking. As shown in Fig. 11, all rock types, colors, and textures are identifiable.[image: ]
Fig. 11Nineteen 3D models and coding of rock materials




Coding and database construction of rock materials
For the construction of the rock material repository, all 19 rocks were classified as lake stones (LSs). The palette primarily comprises gray shades encompassing five common hues of lake stone: dark gray (DG), cyan-gray (CG), white (W), charcoal black (CB), and yellow-gray (YG), with three, five, one, one, and nine stones in each category, respectively. The textures were pitted (P), layered (L), rugged (R), and blocky (B), with eight, four, five, and two rocks, respectively. According to the stone coding rules established in this study, the coding results for the 19 rocks used in the rockery stacking are shown in Fig. 11. The 3D models of the coded rocks generated after coding served as fundamental digital components for the construction and restoration of rockeries.

Digital design and stacking of rockeries
The 3D models effectively display design schemes and landscape spaces, visually demonstrating the techniques and principles used in rockery stacking. The 3D model of the site environment obtained using the TLS method retained intricate site details. This illustrates the crucial site features that influence rockery construction, such as the positions and appearances of buildings, ponds, and walls, enhancing visual comprehension of their impact on the rockery stacking process (Fig. 12). The 3D models of the base environment and the 19 stones were imported into Rhino for digital design, simulated stacking, scheme adjustment, and rockery display. Nine stones selected from the library were used to design and construct the rockery virtually. The subsequent sections provide an analysis of the outcomes of digital rockery stacking, focusing on the application of traditional techniques throughout the design process and the detailed visualization, computation, and analysis conducted postconstruction (Fig. 13).[image: ]
Fig. 12Interface of digital rockery design and simulated stacking

[image: ]
Fig. 13The simulated rockery


Analysis and visualization of traditional techniques based on simulated stacking
3D modeling enhances the visualization of the stones' textures and colors, thereby facilitating more accurate and efficient design and virtual stacking of rockeries. Additionally, this approach allows the visual documentation and preservation of the principles, artisanal skills, and experiential knowledge involved in rockery construction, thus bridging traditional practices with modern technological advancements.
Layered stacking principles of rockeries in the case study: The construction principles of the rockery as a whole involve the stacking of layers according to a basic logic that progresses from the bottom foundational layer [82], through the transitional middle layer, to the top pinnacle-forming layer. The geometric shapes of the stones used primarily for viewing are directly related to the functional and aesthetic requirements of each layer (Fig. 14). Initially, the bottom layer, which bears the greatest pressure, consists of natural rocks that must possess sufficient strength to support the weight of the layers above it. The stacking of this base layer is considered the core technical aspect of rockery stacking because the spatial changes in the middle and upper layers fundamentally rely on the foundation. Thus, the topographical variations of the base layer on the horizontal plane are crucial. The design and virtual stacking of the rockery in this study meet these requirements by selecting stones with flat upper and lower surfaces and relatively regular shapes for the base. Additionally, stones with irregular geometrical shapes are used on the sides that do not bear the weight of structures above them, thus creating a rich variety of forms. The middle layer, positioned between the top and bottom layers, determines the overall volume of the rockery. In smaller garden rockeries, the middle layer serves as a transition from the bottom to the top, providing linkage; in larger rockeries, this layer features a diverse combination of units and structural variations. In this study, the rockery is a small wall-attached type, where the primary function of the middle layer is to support the weight of the top layer and serve as a visual transition from the lower layers. Therefore, the stones in this layer also tend to have relatively regular geometric shapes with flat surfaces. Finally, although the top layer does not require a large number of stones, it influences significantly the silhouette, shape, and dynamics of the mountainous form; hence, careful selection of its form is necessary. The top layer stones do not need to bear much weight but must be stable on their own. They can be supported by rock slices and gravel spacers as supplementary structural elements. In this study, two uniquely shaped stones were chosen for the top layer to symbolize natural towering peaks.[image: ]
Fig. 14Layered structure of the case study rockery


Interlocking principles among stones in the case study: The assembly of stones in rockery stacking adheres to four fundamental principles—homogeneity, uniform color, shape matching, and pattern integration—that are pivotal to China's intangible cultural heritage in rock stacking [18]. Homogeneity ensures that the rocks mimic the natural composition of mountainous terrains and maintain consistency in type and texture. Uniform color strives for coherence in hue across all stones, accounting for variations due to factors like age, weathering, and moisture content, even within the same stone type. Shape matching involves aligning the outer contours of the stones so that the seams and surfaces fit tightly, while pattern integration harmonizes textural patterns and variations in cavities, including those created by stone alignment. Among these principles, homogeneity and uniform color are the most basic and straightforward to implement. Conversely, shape matching and pattern integration have traditionally posed greater challenges in terms of understanding and application in heritage conservation efforts. This study’s approach to rockery design and simulation adheres to these principles and effectively visualizes the assembly process based on 3D modeling.	(1)
Homogeneity and Uniform Color: The rocks used in this study are exclusively Lake stones sourced from the same region, ensuring consistency in material properties. Color-wise, all the nine stones selected were predominantly gray; seven stones used fin the main structure displayed a YG hue, and two stones used for the external connections of the rockery exhibited a CG hue. This strategy ensures a harmonious overall color palette with nuanced local variations.

 

	(2)
Shape Matching and Pattern Integration: The 3D model accurately reproduces the precise geometrical shapes and surface textures of the stones. The connections and correspondences between the designed stone contours are well-delineated. By stacking, the contours of different stones are interconnected, effectively blurring the boundaries between individual stones. Visually, the originally separate pieces appear organized into a cohesive rock mass, achieving shape matching.

 




Each stone was selected for its unique surface texture based on the desired artistic effect. For the stacking of the rockery, four stones with pitted textures, two with layered textures, two with rugged textures, and one with a blocky texture were chosen. Stones that are focal points or are part of the primary viewing facade were selected for their representative pitted textures. For instance, two peak stones in the upper layer of the rockery, which serve as visual focal points, were chosen for their rich pocked surfaces, translucency, and high aesthetic value; stones positioned more prominently also featured pitted textures. On the left side of the rockery, which forms the external contour of the structure, stones with a rugged texture were used, while the mid-layer stones displayed layered textures. It is important to note that regardless of whether adjacent stones share the same texture, the transition at their junctions is seamlessly integrated, such as the connection between the lower part of LS-YG-P-001 and the top texture of LS-YG-L-003, the left side of LS-YG-L-003 and the right side of LS-YG-L-004, the left side of LS-YG-L-004 and the right side of LS-CG-R-001, and between LS-CG-R-001 and LS-YG-R-001, among others (Fig. 15).[image: ]
Fig. 15Interlocking relationships and textural patterns of the case study rockery


In traditional rockery design and stacking, once stones are placed, adjusting them becomes very difficult. However, under the simulated stacking conditions described herein, optimal textural and form alignment between the stones can be achieved through multiple repositionings.

Computation and analysis based on 3D models
The rockery occupies an area of approximately 3 m2 and has a height of approximately 3.6 m. Traditionally, estimating the weight of a rockery has been challenging owing to the irregularity of the stones and variability in the form of the structure. It has been particularly difficult to calculate accurately the rockery's weight before its completion, leading to significant uncertainties in weight estimations [82, 83]. There are two prevalent methods for estimating the weight of rockery projects:
Whole Estimation Method: This approach considers the rockery as a singular entity for estimation. Although this method is straightforward, it typically results in considerable errors. The weight of rockery can be estimated using Eq. (1):[image: $$W=A\times H\times R\times K\times {K}_{n}$$]

 (1)



In the formula, W represents the total weight of the rockery in tons. A denotes the horizontal projection area of the rockery's footprint in square meters. H is the vertical distance from the base to the highest point in meters. R stands for the density of the stone, typically assumed to be equal to 2.6 tons /m2 for lake stones. Kn is a conversion coefficient, valued at 0.65 for rockeries up to 2 m in height and 0.56 for those up to 4 m.
Individual Block Addition Method: This method estimates the weight of individual stone blocks and then sums them up. This approach is suitable for smaller rockeries. The weight of rockery can be estimated using Eq. (2):[image: $$W={W}_{c}+\sum_{i=1}^{n}{L}_{i}\times {B}_{i}\times {H}_{i}\times {R}_{i}$$]

 (2)


where W represents the total weight of the rockery in tons. WC is the weight of the underlying regular padding stones or soil, in tons. L, B, and H are the average length, width, and height dimensions, respectively, in meters. R is the density of the stone material, typically equal to 2.6 tons/m2 for lake stones.
In this study, a 3D virtual model of the rockery was developed to facilitate more precise geometric data calculations for irregular stones, which in turn enables more accurate weight estimations, aiding the subsequent construction, management, and safety calculations. The model-based weight estimation formula using Eq. (3):[image: $$W={W}_{c}+\sum_{i=1}^{n}{W}_{n}$$]

 (3)


where W represents the total estimated weight of the rockery in tons, Wn indicates the calculated weight of the stones from the model in tons, and WC denotes the weight of the internal padding stones or soil, also in tons.
This refined approach provides a significant advancement in the precision of rockery construction estimates, integrating traditional methods with modern technological tools. The encapsulation method was employed to calculate the total volume of stone used, estimated at 1.52 m2 [84]. Given the density of lake stones at 2.6 tons/m2, the total weight of the nine utilized stones was approximately 3.96 tons. Specifically, the base layer comprised stones weighing approximately 1.12 tons; elongated stones with flat surfaces were utilized for stacking, which provided a stable foundation. The middle layer, weighing approximately 1.1 tons, featured stones with complex shapes on the exterior to facilitate the transition to the peak stones above, while internally, stones with flat surfaces and fewer gaps were preferred for stacking. The top layer employed distinctively shaped stones to represent mountain peaks, with a total weight of approximately 1.74 tons. Given the substantial weight of the top layer stones, reinforcement was necessary; the study integrated regular cubic homogeneous stones within the rockery to bolster and stabilize the structure, thereby enhancing its overall stability and safety. The support stones used internally amounted to approximately 2.77 tons, bringing the total stone usage to 6.72 tons for the rockery.
Comparative weight estimations using the Whole Estimation Method resulted in 15.7 tons, whereas the Individual Block Addition Method yielded 9.68 tons. Both methods produced higher estimates than the model-based method; this is attributable to the porous characteristics of Lake stones (Table 5). The weight estimation of the rockery based on the model is more accurate compared to traditional methods, providing a robust data foundation for subsequent structural mechanics calculations.Table 5Rockery weight estimation table


	Position
	Stone identification number
	Overall estimation method(t)
	Individual block addition method(t)
	Model calculation method(t)

	Top
	LS-YG-P-003
	–
	1.91
	0.94

	LS-YG-P-001
	–
	1.56
	0.81

	Middle
	LS-CG-R-001
	–
	0.71
	0.47

	LS-YG-L-003
	–
	0.52
	0.29

	LS-YG-L-004
	–
	0.53
	0.34

	Bottom
	LS-YG-R-001
	–
	0.37
	0.31

	LS-YG-P-004
	–
	0.84
	0.39

	LS-CG-P-001
	–
	0.32
	0.29

	LS-YG-B-001
	–
	0.16
	0.13

	Interior
	Internal Foundation Stones/Soil
	–
	2.77
	2.77

	Total
	15.7
	9.68
	6.72




After finalizing the design, the simulated stacking drawings and orthogonal views of the rockery were drafted (Fig. 16). The plan received approval from an inheritor of the intangible cultural heritage of rockery construction techniques. Under their guidance, the rockery was constructed, with the final outcome illustrated in the figures. An excellent correspondence existed between the physical stones and the 3D model (Fig. 17).[image: ]
Fig. 16Top view, front view and side view of the rockery

[image: ]
Fig. 17Real stacking of the rockery





Discussion
This research integrates digital technology into traditional rockery construction, offering a novel approach to digital design and simulated stacking that diverges from previous studies centered on existing rockery sites [7–9, 53, 69–72]. The methodology is structured around three key components: Digital Replication of Rock Material, Coding and Database Construction of Rock Materials, and Digital design and stacking of Rockeries. This innovative process represents a departure from the traditional synchronous design and stacking methodologies employed in Chinese classical garden rockery creation, offering several advantages:	(1)
Efficient Management of Stone Materials: Stone is the primary component of rockeries. Prior research typically overlooked stone management from a design and construction perspective, leading to unstructured and extensive management practices. While some scholars have proposed classification rules based on location or semantics and touring paths for established rockery sites [25, 85], these have generally analyzed the spatial characteristics of completed rockeries from a layout perspective, neglecting the construction logic and interlocking rules between stones. The stone coding method proposed in this article accounts for the form and surface characteristics of the stones, which are critical in determining the traditional techniques used during stacking. This coding system, rooted in construction logic and traditional craftsmanship, facilitates more scientific and efficient management of stone materials. It can be directly applied in rockery construction and repair, as well as in the visualization of traditional techniques, filling the gaps of previous research and practice and providing a direct methodological reference for heritage conservation management.

 

	(2)
Visualization of Traditional Techniques: Traditionally, rockery construction and repair were documented through textual descriptions and simplistic diagrams, which inadequately represented the intricate relationships between stones and traditional craftsmanship [12, 75]. This lack of precise visualization made it difficult for stakeholders to communicate and for traditional techniques to be accurately understood, learned, and transmitted, thereby impeding the preservation of rockery sites and the transmission of intangible cultural heritage. Unlike parametric methods [86, 87], which are unsuitable owing to the irregularity and uniqueness of stones, this study utilized integrated 3D laser scanning and photogrammetry technologies to capture accurately the detailed features of the studied stones. The 3D models facilitate easy identification of the rockeries' types, shapes, textures, and color characteristics, and display the interlocking relationships between stones, structures of various layers, and the external contours and internal textures. By digitizing traditional techniques, this method enhances our understanding of rockery cultural heritage and promotes the advancement of conservation efforts and the transmission of traditional skills.

 

	(3)
Enhanced Precision in Project Presentation: Plans for rockery construction based on digital modeling of stone materials are presented more tangibly, allowing for precise quantitative analysis of building materials and structures. This fosters improved communication among designers, constructors, heritage managers, and other stakeholders. Moreover, digital design and simulated stacking provide greater flexibility for adjusting plans before actual construction begins, overcoming the traditional constraints of rockery construction in stones cannot be altered after they are placed. This separation of design and construction not only improves work efficiency but also aligns rockery building and repair practices with modern, standardized, and regulated management approaches.

 




The methodology proposed in this article was applied to the construction of a rockery, demonstrating its practical viability. This approach involved the digital replication of 19 lake stones using 3D laser scanning and photogrammetry, achieving dimensional deviations within 10 mm. The process accurately restored each stone's color and texture, validating the effectiveness of this replication method. Utilizing established coding rules, 19 stones were coded systematically, encapsulating their textural, color, and surface features. Nine of these stones were subsequently selected for digital design and the simulated stacking of the rockery. This digital approach vividly illustrated the rockery's spatial layers, enabling the visualization and analysis of traditional construction techniques and patterns used in building the rockery. Moreover, the model-based calculations and analyses provided essential data support for the construction phase. The final design, guided and approved by a national-level inheritor of intangible cultural heritage in China, was employed in the actual construction, marking a successful integration of digital technology with traditional building crafts. This trial confirmed the feasibility of the proposed methods and underscored the potential of digital tools in traditional construction contexts.
The digital design and simulated stacking processes for rockeries are of significant importance for the restoration of rockery sites, the preservation of intangible cultural heritage, and the construction of modern rockeries. In the realm of cultural heritage restoration, numerous existing rockery sites are plagued by structural failures, such as collapses and cracks. Addressing these issues effectively involves the utilization of original stone materials for precise assembly and restoration in a virtual environment, which clarifies the restoration plans and expected outcomes. The use of 3D models facilitates multifaceted communication and decision-making among stakeholders, allowing for iterative adjustments and evaluations of restoration plans, thereby minimizing potential restoration damages. In terms of preserving intangible cultural heritage, this methodology enables comprehensive documentation of the construction processes, creating a valuable database for the transmission of traditional techniques. This not only aids the preservation of cultural heritage but also promotes its dissemination. For modern rockery construction, the methodology introduces a novel approach that separates the design from the construction phase, enhancing communication among designers, constructors, and other stakeholders. This separation ensures that designs and construction processes are more precise and scientifically sound, aligning well with modern engineering management and practices, and thus meeting contemporary needs more effectively.
This study has certain limitations. It primarily focused on the critical components of rockery construction, particularly the unique and irreplaceable rock materials. Efforts were concentrated on digital mapping, modeling, and coding of these primary components, but the study did not extensively discuss auxiliary components such as joint fillers and stabilizing gravel, which could affect the accuracy of rockery volume calculations and structural mechanicals analyses. Future research could expand the examination of these auxiliary components to enable more detailed and accurate project evaluations and analyses. Additionally, this research was centered on achieving digital design and simulated stacking stages of rockeries. The approach to evaluating and analyzing plans was relatively simplistic. Given the complexity and irregularity of the rocks used in rockeries, analyzing their structural stability is inherently more challenging than for conventional structures with regular shapes. This study did not conduct a comprehensive examination of experimental investigations in this area. Future studies could delve deeper into methods for analyzing the structural stability of rockeries, such as employing structural inspections based on finite element analysis, to enhance their stability and safety. Moreover, this research was conducted on a small-scale rockery with a limited number of stones. In practice, the reconstruction or repair of large-scale rockery sites involves significant quantities of rock materials. Future efforts could benefit from utilizing Building Information Modeling (BIM) platforms to establish extensive databases of rock materials, which would facilitate the digital design and simulated, management planning, protection, and restoration of rockeries.

Conclusion
Rockeries, a significant component of classical Chinese gardens, have attracted global attention. However, research on rockery construction and restoration is limited. This study introduced a digital construction process for rockeries based on 3D digital mapping technologies and validated its feasibility. Compared with traditional methods that rely heavily on a craft’s imagination and personal experience, the proposed method is more reliable and efficient. It integrates various digital mapping technologies to digitize irregular and nonstandard rock structures, thereby creating highly realistic 3D models and a systematic rock material database for digital rockery design and stacking. This approach allows for a precise, visualized simulation of rockery construction, facilitating effective communication and decision-making among heritage stakeholders.
This study provides new methods and insights for the protection and restoration of rockery heritage and promotes the transmission of rockery construction technique, a vital intangible cultural heritage.
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