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With the acceleration of urbanization, urban landscape design plays an increasingly important role in enhancing
the ecological environment, beautifying the cityscape, and promoting the physical and mental well-being of
residents. As a fundamental component of garden landscapes, vegetation directly influences the ecological
benefits, aesthetic value, and functional diversity of these landscapes. However, conventional evaluation
methods rely on on-site observations by individuals and are limited by subjective perspectives. To more efficiently
identity the diversity characteristics in garden landscapes and conduct evaluations, this research used unmanned
aerial vehicles (UAVs) to capture images of landscape vegetation and employed a K-means clustering algorithm
to classify the vegetation within these images. Moreover, the vegetation diversity indices including richness index,
dominance index, diversity index, and evenness index were calculated. Semantic difference analysis was used to
evaluate the design of the garden landscape. An ancient tree park located in Hongmiaobian Village, Jukoupu
Town, Xinshao County, Shaoyang City, Hunan Province, China was taken as a case study. The proposed method
was compared with two other classification algorithms including random forest and support vector machine. The
results showed that the K-means algorithm identified and classified vegetation areas in remote sensing images
more accurately. The ancient tree park had high vegetation diversity. However, it had some shortcomings in its
overall landscape design. This research adopted UAVs to quickly collect more comprehensive landscape images,
using an intelligent algorithm to rapidly classify vegetation areas and calculate diversity, and evaluating landscape
design, providing an effective reference for improving the quality of landscape design.
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Introduction protection are divided, and their landscapes are

carefully planned and designed [2]. After

Urbanization will inevitably have adverse effects planning and design, urban garden landscapes
on the original ecological environment. Although can not only safeguard the ecological
these impacts can be mitigated through environment within the city but also serve as
thoughtful planning, they will eventually affect scenic spots that promote the development of
the original environment [1]. Urban gardens the local tourism economy. The effectiveness of
serve as a strategy for ecological protection urban gardens in protecting ecology and
during the urbanization process. In essence, enhancing the tourism economy largely depends
during urbanization, ecological areas that require on the quality of the landscape design schemes
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implemented. Increasing the diversity of
vegetation in gardens can enhance the stability of
the ecological environment and improve the
variety of landscapes, thereby attracting more
tourists [3]. Urban gardens with effective
landscape design can be used as tourist
attractions, stimulating the development of the
local tourism economy [4]. The internal
landscape design of an urban garden is crucial.
During the landscape design process, evaluating
the quality of the design is a significant reference
point [5]. In this evaluation, the characteristics of
vegetation diversity are a key index. Plant
diversity refers to the richness and variety of
plant species in a region, reflecting the
complexity and stability of the ecosystem in the
region, and its characteristics mainly include
species diversity, community  structure
complexity, and spatial distribution
heterogeneity. The characteristics of plant
diversity are affected by natural factors such as
climate, soil, and topography, as well as human
factors like urban planning and landscape design.
It not only assesses the quality of landscape
design but also indicates the health of the green
space ecosystem within gardens [6].

The traditional evaluation method for garden
landscapes involves dividing the sample land into
plots, conducting field investigations to collect
data related to landscape design, and performing
a comprehensive evaluation of the garden’s
landscape. This approach is quite time-
consuming and, since data collection is limited to
the selected plots, the resulting data may not be
sufficiently comprehensive. However, with
advancements in unmanned aerial vehicle (UAV)
technology, UAVs equipped with cameras can be
used for data acquisition in garden landscape
assessments. These UAVs can fly at various
altitudes, capturing images of the garden, which
can then be analyzed to evaluate the landscape
design. Compared to traditional evaluation
methods, UAVs not only offer greater efficiency
in collecting landscape images but also are not
affected by terrain variations, so it can collect
more comprehensive data [7].
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Santos et al. examined the effects of local
variables including fertility and litter amount and
landscape variables including patch shape,
compositional heterogeneity, habitat amount,
matrix dominance, and connectivity on alpha
species richness, diversity, and the basal area of
various vegetation types including forest
savanna, savanna, and forest in the Cerrado using
linear models and the Akaike information
criterion [8]. Polat et al. studied how the visual
quality of urban recreational areas was
associated with the structural and vegetative
landscape elements within these areas, as well as
the preferences of visitors and users [9]. Behera
et al. analyzed the patterns of plant diversity
along India’s longest longitudinal range, spanning
from desert to wet tropical zones utilizing field
data collected from the national-level ‘Landscape
Level Biodiversity Characterization’ project and
found that vegetation types transitioned from
tropical thorn to tropical moist/wet evergreen
forest [10].

Those previous studies had all analyzed
landscape diversity. However, most of these
studies focused on landscapes in large regions,
resulting in a macroscopic perspective. This
research analyzed urban garden Ilandscapes
specifically using UAVs to capture images of
garden vegetation and the K-means clustering
algorithm to categorize the vegetation within
these images. Moreover, the vegetation diversity
index was calculated. The semantic difference
analysis was used to evaluate the garden
landscape design. An ancient tree park located in
Hongmiaobian Village, Jukoupu Town, Xinshao
County, Shaoyang City, Hunan Province, China
was taken as a case study for analysis. The result
of this research supported the utilization of a
clustering algorithm to classify the landscape
features collected by UAVs to calculate the
vegetation diversity and to assess the quality of
landscape design using the semantic difference
analysis method.

Materials and methods
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Figure 1. The plane map of the ancient tree park in Hongmiaobian Village, Jukoupu Town, Shaoyang, Hunan, China.

Overview of the study area

This research took the ancient tree park located
in Hongmiaobian Village, Jukoupu Town, Xinshao
County, Shaoyang City, Hunan Province, China
(111.31° E, 27.42° N) as the study area with the
terrain higher in the north and lower in the south,
predominantly consisting of mountains and hills
and a main river, Shunshui River (Figure 1). The
area is a subtropical zone with a typical central
Asia subtropical humid monsoon climate.

Measurement of the vegetation diversity
characteristic index in the park

DJI Mini 4 Pro (Dajiang Innovation Technology Co.,
Ltd., Shenzhen, Guangdong, China) was used to
collect low-altitude remote sensing images of the
ancient tree park with GPS + Galileo + BeiDou
navigation system. The UAV equipped a 48
million effective pixels camera, which could take
maximum size of 8,064 x 6,048 photos. The UAV
could withstand wind speeds up to level 5 and
the longest flight time was 34 minutes. The park
was divided into four distinct areas for targeted
data collected by the UAV. The remote sensing
maps of the four zones were integrated to create
a comprehensive map of the entire park.
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After the urban garden images were collected by
UAVs, the plant area zones in the images were
identified and classified, and then the vegetation
diversity in the garden was calculated according
to the number of plants in each plant zone (the
number of plants in the zone was represented by
the zone area). The images of the garden were
filtered and preprocessed to reduce the "noise"
in the images [11]. The filtering equation was as

below.
X2 +y?
exp| — -2
%)

275°

G(x,y)= "

where (x,y) was the pixel point in the image. ¢

was for the standard deviation. The vegetation
area in the image was then divided by the K-
means clustering algorithm [12]. The K cluster
centers were randomly selected, and the feature
distance between other pixels and the cluster
center was calculated for the nearest distribution.
The mean value of each class was then taken as
the new cluster center for the nearest
distribution again [13]. The gradient of pixels was
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used as the feature to calculate the feature
distance in this study. The gradient of pixels
included gradient value, gradient modulus value,
and gradient direction. Their corresponding
calculation formulas were as follows.

grad I(x,y) = (%%]

m(x, y) = J(LX+LY) —L(x =1, y))? + (L(x, y +) - L(x, y ~1))?

0(x,y) = tan"* L(x,y+1)-L(x,y-1)
' L(x+1y)-L(x-1y)

(2)

where grad I(X,y) was the gradient of pixels.
m(x, y) the that
corresponded to the pixel gradient. 8(x,y) was

was modulus  value

the direction that corresponded to the pixel
gradient. L(x,y) was the grayscale of the pixel.

After classifying and identifying plant regions in
low-level remote sensing images by the
classification algorithm, the characteristics of
plant diversity were calculated as below.
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where D,, was the richness index. H was the

diversity index. D was the dominance index. J
was the evenness index. S was the number of
species in the area. N was the number of
individuals of all species in the area, expressed by
the occupation area in this study. P was the
proportion of the i -th category of species among
all species. The relevant parameters of the K-
means clustering algorithm used to segment
areas in remote sensing images included that the
value of K was set to 15, and the maximum
number of iterations was 500 times [14]. In
addition, this study evaluated two classification
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algorithms, random forest (RF) and support
vector machine (SVM), to verify the performance
of the K-means algorithm in segmenting areas
within remote sensing images. The relevant
parameters for the RF algorithm were the
number of decision trees being set to 150 and the
maximum number of features being set to 5,
while the maximum depth of the decision tree
was not restricted. The relevant parameters for
the SVM algorithm included the sigmoid kernel
function and a penalty parameter of 1. The
indicators used to evaluate the classification
effect were shown below.

e
I
Ao T
n
on= 2isC "
T
NS x =5 (x -x.
Kappa: Zi;lxn rzi—l(XH X+|)
N _Zizl(xi+'x+i)

where AA was the average accuracy. OA was
the overall accuracy. Kappa was the overall

accuracy of classification. n was the total
number of categories. T, was the total number of

pixels in category i . C, was the number of

correctly categorized pixels in category | . Xii

was the number of pixels in the i-th row and i -
th column of the matrix. I was the number of
rows in the confusion matrix. N was the total

number of pixels. X;, was the total number of
pixels in the 1-th row. X,; was the total number

of pixels in the i-th column.

Landscape design evaluation of the park using
semantic difference analysis

The vegetation diversity in gardens was
calculated based on the remote sensing images
of gardens, which provided objective reference
data for evaluating the quality of landscape
design. However, due to the ornamental function
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Table 1. Adjective pairs of garden landscape characteristic elements.

Landscape characteristic Adjective pair

Landscape characteristic

Adjective pair

Element richness Single - diverse

Naturalness

Artificial - natural

Regularity of landscape Irregular - regular

Plant morphology

Single - diverse

Vegetation diversity Single - diverse

Vegetative texture

Rough - fine

Vegetation coverage Low - high Seasonal characteristics Blur - obvious
Range of vision Narrow - broad Canopy line changes Monotonous - rich
A sense of layering Blur - clear Coordination Unbalance - coordinated
] 0.93
i 0% 0.89 7
09 = 0.86 0.85
@ 085 [ 0.81 0.82 )
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Figure 2. Performance of three classification algorithms for dividing areas on remote sensing images. AA: the average accuracy. OA: the overall

accuracy. Kappa: the overall accuracy of classification.

of the garden itself, the objective vegetation
diversity feature index alone could not fully
reflect the quality of landscape design, especially
in terms of visual experience [15]. Therefore, this
study adopted the semantic difference analysis
method to evaluate landscape design [16]. In the
analysis of semantic difference, the choice of
adjective pairs used to evaluate the feature
elements of garden landscape was the key. A
total of 12 landscape feature elements were
selected to evaluate garden landscape design
(Table 1). After the adjective pairs were
established, the evaluation scale of the adjective
pair of feature elements was set. A five-level
evaluation scale including -2, -1, 0, 1, 2 was
selected [17]. The lower the score, the lower the
evaluation in the adjective pair. 30 professional
evaluators specializing in landscape design were
invited to evaluate the landscape design of the
park. Remote sensing images of the park
captured by a UAV along with a questionnaire
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containing the 12 landscape feature elements
were provided to the professional evaluators.
The 12 landscape feature elements in the
guestionnaire were evaluated using a five-point
scale, and the final comprehensive evaluation
results were recorded to obtain a comprehensive
evaluation of garden landscape design.

Results and discussion

The performance of the three classification
algorithms for dividing areas of vegetation on
remote sensing images was shown in Figure 2.
The results showed that the K-means clustering
algorithm had the best performance followed by
the RF algorithm. The SVM algorithm had the
worst performance. After the vegetation area
division, the vegetation diversity index was
calculated (Table 2). The results showed that the
diversity of different areas in the park was
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Table 2. The area division of the park and the comprehensive vegetation diversity index.

Dm H D J
Areal 5.98 2.35 0.878 0.858
Area 2 5.12 2.12 0.847 0.874
Area 3 5.45 2.58 0.864 0.836
Area 4 4.89 2.11 0.836 0.852
Comprehensive 5.36 2.29 0.856 0.855

Notes: Dn: richness index. H: diversity index. D: dominance index. J: evenness index.

Table 3. Landscape design evaluation results of the park.

Mean Minimum value Maximum value Standard deviation
Element richness 0.45 0.15 0.68 0.12
Regularity of landscape 0.51 0.88 0.68 0.11
Vegetation diversity 0.28 0.23 0.59 0.09
Vegetation coverage 0.25 0.11 0.47 0.03
Range of vision 0.34 0.09 0.54 0.11
A sense of layering 0.36 0.11 0.62 0.12
Naturalness 0.33 0.08 0.58 0.08
Plant morphology 0.48 0.22 0.55 0.02
Vegetative texture 0.33 0.22 0.47 0.03
Seasonal characteristics 0.23 0.01 0.43 0.11
Canopy line changes 0.62 0.31 0.76 0.09
Coordination 0.65 0.32 0.79 0.14

different, but the difference was not very large.
The comprehensive richness, diversity,
dominance, and evenness indexes were 5.36,
2.29, 0.856, and 0.855, respectively. The richness
index (Dm) represented the number of species
within a given area and could be used to directly
reflect the difference of species richness among
different regions. The diversity index (H) was
insensitive to the size of areas and could reflect
the relative abundance among different species
within the region. The dominance index (D) was
the probability that two consecutive samples
taken from the same region belonged to the
same kind. The evenness index (J) represented
the degree of consistency of a species in a region
at the level of population. The results of the
indicators demonstrated that the ancient tree
park had a high level of species diversity, and
these vegetations were relatively well-
distributed.
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The evaluation results of landscape design of the
park obtained by using semantic difference
analysis were shown in Table 3. The results
showed that the richness of vegetation elements
in the park was relatively high; the landscape
design was relatively regular; the vegetation
diversity and coverage were medium; the vision
was relatively broad; the vegetation landscape
design was relatively hierarchical and natural; the
plant morphology and texture were relatively
rich and delicate; the seasonal characteristics
were relatively obvious; the forest canopy line
changes were abundant; and the coordination
was relatively good. The method of semantic
difference analysis first set up positive and
negative adjective pairs related to the
characteristics of landscape design and then
collected evaluations from multiple experts in
the form of questionnaires. Due to the
subjectivity of evaluations given by different
experts, it was necessary to statistically process
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the collected evaluations. When analyzing, the
mean value was used as a measure.

This research used UAV to collect images of
garden vegetation. The K-means clustering
algorithm was employed to classify the
vegetation areas within these images and to
calculate the vegetation diversity index.
Semantic difference analysis was conducted to
evaluate the garden landscape design using an
ancient tree park. The results showed that K-
means clustering algorithm demonstrated the
best performance in classifying vegetation
regions followed by the RF algorithm, while the
SVM algorithm had the worst performance.
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