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Master plan and viewpoint distribution of Jichang
Garden

22 ZFMAN MM =ML
Three-dimensional visible lines of sight corresponding

to each viewpoint
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Tab. 1 Calculation results of visual space indicators for each viewpoint

WA =Tt FRRE/10° _ ST _
T HH il PIN Hi i Foas

1 0.434 1.284 18.238 59.837 1.340 1.485 0.144 18.956

2 0.008 0.022 66.778 5.888 26.999 0 0.144 0.191

3 0.042 0.055 37.099 0 45.428 0 15.845 1.628

4 0.313 2.074 35.902 1.101 37.482 13.595 2.346 9.574

5 0.336 0.954 47.008 0.431 24 557 18.334 3.112 6.558

6 0.320 0.469 48.684 0.239 37.195 4.356 3.447 6.079

7 0.209 0.156 68.550 0.096 28.674 0.095 0 2.585

8 0.163 0.126 50.311 0.144 41.599 3.733 0 4213

9 0.409 1.633 49.497 2.920 30.732 7.851 0 9.000

10 0.242 2.290 30.062 9.095 8.234 0.574 43.801 8.234

11 0.107 0.018 54.189 20.249 20.345 0.717 0 4.500

PIME 0.235 0.631 46.029 9.091 27.508 4.609 6.258 6.502
I/IME 0.008 0.018 18.238 0.000 1.340 0 0 0.191
RIE 0.434 2.074 68.550 59.837 45.428 18.334 43.801 18.956
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Voxel model scene simulation and real photo of Jichang Garden
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Method for Quantitative Analysis of Visual Space of Chinese Traditional
Gardens Based on LIiDAR Point Cloud: A Case Study of Jichang Garden

ZHANG Guanting, PENG Yuyang*, (NLD) Steffen Nijhuis

Abstract:

[Objective] Human perception of landscape and environment is primarily
through visual senses, making visual landscape research a central theme in
landscape architecture research. Conducting a visual analysis of the spatial
characteristics of traditional Chinese gardens and exploring their visual features
can provide valuable guidance for inheriting the essence of spatial design. In
recent years, many scholars have employed quantitative analytical methods to
identify the visual space of traditional gardens. However, few of these studies
have used detailed models to analyze the spatial features of traditional garden
spaces. Compared to traditional digital models, point cloud models collected
through LIDAR (light detection and ranging) offer more detailed spatial
information for visual landscape research. Therefore, this research aims to take
Jichang Garden in Wuxi as an example to explore the possibilities and
applications of in-depth visual and spatial analysis of traditional Chinese
gardens using point cloud technology. This aim can be further broken into
several components: 1) Establishing analytical methods and selecting analysis
indicators; 2) applying these methods and indicators to analyze the visual space
of Jichang Garden; 3) uncovering the characteristics and features of traditional
Chinese gardens through the interpretation of analysis results.

[Method] This research establishes a set of methods for quantifying the analysis
of visual space using point cloud data, including three main steps.
1) Establishment of a model based on point cloud for calculating the analysis
results of visual space. In detail, this research applies a voxel-based method to
build multidimensional digital models for buildings, vegetation, and rockery, and
build a digital elevation model (DEM) based on the point cloud data on the
ground. Then, the aforesaid two kinds of models are integrated with water
surface to finalize the modeling process. 2) Establishment of a visual analysis
method (line of sight method) based on the three-dimensional digital model for
obtaining visual space information. 3) Proposal of indicators for evaluating visual
landscape utilizing the visual space information obtained, including “3D
visibility”, “visual spread” and “feature ratio of visual field” indicators. A total of
11 viewpoints (viewpoints 1, 2, 3 ... 11) on the west side of Jinhuiyi Pond are
analyzed using the above methods.

[Results] This research’s main findings consist of three parts. 1) 3D visibility
calculation results. From the visibility analysis results of 11 viewpoints, it is
evident that viewpoints 1, 5, 6, 7, and 10 have a relatively broad visual field, with
some line of sight reaching a length of 100 meters. 2) Evaluation results of visual
space indicators. The viewpoint with the highest 3D visibility is labeled as
viewpoint 1, located at the Xianyuexie water viewing platform, while the one with
the minimum 3D visibility is labeled as viewpoint 2. The viewpoint with the
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highest “visual spread” is viewpoint 10, situated in the plaza at the south of the
Jiashutang building, while the one with the minimum *“visual spread” is viewpoint
11. Except for viewpoint 1 (dominated by buildings) and viewpoint 10
(dominated by the ground), the highest “feature ratio of visual field” is occupied
by vegetation. 3) Interpretation of the calculation results. Firstly, the research
interprets the reasons for forming a scenic view from a single viewpoint. “3D
visibility” can be used to identify the scale of the visual field in gardens. At the
same time, the “feature ratio of visual field” can be employed to analyze the
factors contributing to the scale of visual space. Moreover, incorporating the
“visual spread” indicator further makes it possible to identify the morphological
features of visual space in traditional gardens. Secondly, the research explores
route-based visual space transitions. From the perspective of landscape
sequence, visitors, starting from the Xianyuexie water viewing platform and
passing through Hebutan (a small pond) to reach the Jiashutang building,
undergo at least the following spatial perception processes. 1) Xianyuexie —
woody path (near Jiushitai): Visitors transition from the lake viewing space
beside the Xianyuexie building to the enclosed space surrounded by a group of
trees along the path. 2) Woody path — Hebutan: Visitors experience a shift from
a relatively enclosed environment to a more open water viewing space. The
peak of this water viewing experience occurs near viewpoint 5 (Hebutan), a
space with water on three sides. 3) Hebutan — waterside path (near Bayinjian):
Visitors’ experience transitions from an open water viewing space to a more
enclosed space where the view of the lake is obstructed by plants, enriching the
water viewing experience and preventing aesthetic fatigue resulting from
continuous exposure to similar spatial environments. 4) Waterside path —
Jiashutang: Visitors’ experience evolves from a closed, plant-dominated space
to a gradually more open lake viewing space in front of the Jiashutang building,
serving as the endpoint of the entire perceptual space sequence on the west
side of Jinhuiyi Pond.

[Conclusion] In summary, the conclusions of this research are as follows: Firstly,
point cloud technology has a specific feasibility for analyzing the spatial and
visual characteristics of traditional Chinese gardens, and its high accuracy and
precision make it suitable for handling the complex and varied spatial conditions
of traditional Chinese gardens. Secondly, the three visual space indicators
proposed in this research have a solid capability for explaining the
characteristics of garden space.

Keywords: Chinese traditional garden; LIDAR point cloud; visual
perception; visual landscape characteristic; visual quantification indicator
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