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Fig. 1  Extraction process of urban green space
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Fig. 4 Comparison of extraction results before and after stretching
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(a) Remote sensing image (b) Ground truth (¢) Extraction result of the

proposed method
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Fig. 10 Typical extraction results of the proposed method
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Table 3 Extraction accuracy of vegetation index in two types of evaluation areas
1%

o P X3 1 A X35 2 YN
FU{E IoU FI{H IoU FI{H ToU
NDVI 95.06 90.59 84.33 72.90 90.79 83.13
RVI 94.29 89.20 83.67 71.92 89.96 81.76
DVI 93.53 87.84 84.40 73.01 89.91 81.67
F 95.41 91.22 90.11 82.01 93.37 87.56
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T NDVISRECES R, FRAE F P2 IS R FLERR T Wi s BB RBOE B, DVIZEA KIEM
5.78%, ToUHETF9.11% ., 7 K 11 4055 7K 1A () L 7Y T 00 A8 PR EORS BE B R RRAE R U X
XN (ER3 5K 1% 4), RVIFNDVIHH LS T8 UL IR T PR BE K G A T A A R A Y S
B T AKRSHPIRIE IS, DVIFRIEF, At
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Fig. 11 Extraction results of vegetation index
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Table 4 Structures of Semantic segmentation network

IR ARG ML
Deeplab V3+ 512x512 ResNet50
Segformer 512x512 MixTransformer-B0
Upernet 512x512 Internlmage—S
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Table 5 Extraction accuracy of deep learning
1%

ik LTS PE mE S F1 loU
KSR 93.38 89.38 91.34 79.26
Deeplab 88.89 80.01 84.40 69.39

Segformer 91.72 86.70 89.15 74.61
UPerNet 91.89 86.45 89.09 75.26
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Fig. 12 Local extraction results of deep learning
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Table 6 Precision comparison with the dataset UGS—1m
1%
ARSIy UGS-1m
b LRSS A % F11{H ToU LIRS PEIm S F1{H IoU
FAA 96.49 92.03 94.21 89.05 77.52 57.07 65.74 48.97
rivl'd 94.68 92.43 93.54 87.87 84.82 62.36 71.88 56.10
b7 AL 89.42 93.38 91.36 84.09 73.16 82.90 77.73 63.57
2 ¥ S 92.40 95.73 94.04 88.74 83.03 78.78 80.85 67.86
W IR 2 92.98 90.20 91.57 84.45 77.78 66.33 71.60 55.76
] 94.47 92.61 93.54 88.09 79.49 66.03 72.14 56.42
2 93.85 92.27 93.05 87.69 85.21 63.26 72.61 57.00
A 88.08 92.81 90.39 82.47 60.41 59.89 60.14 46.01
LU 93.03 92.38 92.76 86.42 77.80 68.02 72.58 56.96
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Fig. 13 Comparison with local extraction results of UGS—1 m
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Fig. 14  Relationship between features threshold and accuracy
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Green space extraction method from ZY-3 remote sensing images in
complex urban environment

DU Xiaoyu"?, WANG Guanghui’,LU Chen?’,YAN Zhigang', ZHANG Tao’
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Abstract: Urban green space is an important part of the urban ecosystem, providing multiple functions such as ecology, landscape, culture,
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and health benefits. Obtaining the spatial distribution of urban green space accurately can offer a scientific basis and support for sustainable
urban development. However, using ZY-3 remote sensing images and the Normalized Difference Vegetation Index (NDVI) to extract urban
green spaces, urban background features such as water, blue-roofed buildings, and shadows may be confused with urban green space. To
address this issue, we proposed an extraction method of urban green space for ZY-3 remote sensing images in complex urban environments.
This method introduced extraction features of green space that are robust to low-brightness pixels, and designed object-level extraction
features of shadow in the Hue-Saturation-Intensity(HSI) color space. Then it applied different features to perform threshold segmentation
inside and outside shadow areas, achieving the extraction of urban green space. The accuracy of the proposed method was evaluated using
the 10 cities including Nanjing, Wuhan, Urumqi, and Shenyang, as research areas. The results showed that: (1) The overall precision, recall,
F1 value, and IoU (Intersection of Union) of the proposed method were 93.28% and 92.60%,92.91 and 86.76%. (2) The proposed extraction
feature of green space robust to low-brightness pixels outperformed RVI, NDVI, and DVI. Compared with related models such as Deeplab
V3+, Segformer and UPerNet, the proposed method had better overall performance, and its extraction accuracy was superior to the product
Urban Green Space-1 m(UGS-1 m); (3) From the perspective of local extraction details, the proposed method can effectively distinguish
green spaces from water and blue-roofed houses, and extract vegetation inside the shadow areas of buildings. The proposed method is of
great significance for quickly and efficiently conducting operational remote sensing monitoring of urban green space.

Key words: remote sensing, urban green space, high-resolution remote sensing, ZY-3, Normalized Difference Vegetation Index (NDVI),
shadow extraction
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