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Superpixel segmentation method of high resolution remote sensing
images based on hierarchical clustering
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Abstract: To solve the problem of automatic selection the segmentation scale in remote sensing image,
a superpixel segmentation method of high resolution remote sensing image based on hierarchical clus-
tering is proposed. Firstly, the watershed segmentation algorithm based on adaptive morphological re-
construction is used to segment the image into multiple superpixels. Then, the gray feature vectors of
each superpixel is extracted. Finally, the hierarchical clustering method is adopted to merge the super-
pixels, the accurate segmentation of high-resolution remote sensing images is realized. Four sets of re-
mote sensing images are selected in the experiment, and the experimental results are evaluated by a
combination of qualitative and quantitative methods. Experimental results shown that the proposed
method effectively improves the segmentation accuracy of remote sensing images, and better segmenta-
tion visual effects are obtained.
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Fig.8 Segmentation results of S, and S, (a) S1 FNEA 50, (b) S, FNEA 100, (¢) S, SH method, (d) result of S, by proposed meth-
od, (e) S, FNEA 50, (f) S, FNEA 100, (g) S, SH method, (h) result of S, by proposed method
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272 EANP/ RS IR 3 S 3 o 39 %

09} s

ossf  _—
08| -~
075

0.7 1 —— S35%4%Precision
0.65 - —— S35%1%Recall

0.6 - —— S45¢2 1% Precision
0.55 |- S45% & Recall

) FNEA(50) ‘FNEA(IOO)I SHJj % ‘TE&#H}J‘&
B 5 S B VR

Fig. 11 Segmentation results of Test2
3 i

P T —FhRE S R UCRE M R PR IE IR
AR R B T5 8 o Sl 4 5 AR BRI R
HSRRS B EIA RIS X AR AE I T

1) I A 22 ROBE R 25 JE o3 /K I 23 1
A ROB R ER 8 A& RE AR A SR E L
JE, IR SE T W RS R AR B, AR B A )
FIROR R BB AR

2) KRR G 2 YRR A IE 5, AT AFE 4
FHRBAG R DX 5 B 205, DT AT LA i 4145 IX
BRI RIS R S — TR R Tk

3) AR RGP ) R AR U5
A BRI 9 1§52 1 T I AN REAR B3t
AR XS R e 5 [N o8 b 5 A2 2% H.
RS ] 14 288 T A A 1 R A 2 AR 3 AT /N
TRE. TR AEAR 7 I A — 2D B
IETERE, [RIR Bk Bz AL RE T AR

References
[1] Chehata N, Orny C, Boukir S, et al. Object—based change

detection in wind storm—damaged forest using high-resolu-
tion multispectral images [J1. International Journal of Re-
mote Sensing , 2014, 35(13) : 4758-4777.

[2] JIANG Feng, GU Qing, HAO Hui-Zheng, et al. Survey on
content—based image segmentation methods [J]. Journal of
Software (ZZW, K, MEEE, & HET NAENEIZR T
FJr kiR SR ), 2017, 28(01): 160-183.

[3] Wang HY, Liang Y Y, Wang Z H. Otsu image threshold
segmentation method based on new genetic algorithm [J].
Laser Technology, 2014, 38(3): 364-367.

[4] Deng X Y, Ma Y D. PCNN model analysis and its automat-
ic parameters determination in image segmentation and
edge detection| J]. Chinese Journal of Electronics, 2014, 23
(1): 97-103.

[5] Ren X F, Fowlkes C C, Malik J. Learning probabilistic
models for contour completion in natural images [T]. Inter-
national Journal of Computer Vision, 2007, 77 (1-3) :
47-63.

(6] Wang C, Wang Y, Li Y. Automatic choroidal layer segmen-
tation using markov random field and level set method (7.

IEEE Journal of Biomedical and Health Informatics, 2017,
21(6): 1694-1702.

[7] Pablo A, Barath H, GU C, et al. Semantic segmentation us-
ing regions and parts[C]. 2012 IEEE Conference on Com-
puter Vision and Pattern Recognition, 2012, 1: 3378-3385.

[8]SU T. Efficient paddy field mapping using landsat—8 imag-
ery and object—based image analysis based on advanced
fractel net evolution approach[] 1. GIScience & Remote Sens-
ing, 2017, 54(3):354-380.

[9] Chaibou M S, Conze P H, Kalii K, et al. Adaptive strategy
for superpixel-based region—growing image segmentation
[T]. Journal of Electronic Imaging, 2018, 26(6): 1-24.

[10] Lei T, Jia X, Zhang Y, et al. Superpixel-based fast fuzzy
c—means clustering for color image segmentation [J].
IEEE Transactions on Fuzzy Systems, 2019, 27 (9)
1753-1766.

[11] DONG Zhi—Peng, WANG Mi, LI De-Ren. A high resolu-
tion remote sensing image segmentation method by com-
bining superpixels with minimum spanning tree [J]. Acta
Geodaetica Et Cartographica Sinica (FEEM, T 5%, 254l
= — Tl RGO AR 2R 5 d /N A OB ) 2 70 B B R
GO EIT R MBRFEIR) , 2017, 46(6):734-742.

[12] Liu T G, Miao Q G, Tian K, et al. SCTMS: Superpixel
based color topographic map segmentation method [J].
Journal of Visual Communication and Image Representa-
tion, 2016, 35: 78-90.

[13] Fu Z, Sun Y, Fan L, et al. Multiscale and multifeature
segmentation of high—spatial resolution remote sensing im-
ages using superpixels with mutual optimal strategy [J].
Remote Sensing, 2018, 10(8): 1289.

[14] Devkota B, Alsadoon A, Prasad P W C, et al. Image seg-
mentation for early stage brain tumor detection using math-
ematical morphological reconstruction [J]. Procedia Com-
puter Science, 2018, 125: 115-123.

[15] Zhou C, Liang D, Yang X, et al. Recognition of wheat
spike from field based phenotype platform using multi—
sensor fusion and improved maximum entropy segmenta-
tion algorithms[]]. Remote Sensing , 2018, 10(2): 246.

[16] Lei T, Jia X, Liu T, et al. Adaptive morphological recon-
struction for seeded image segmentation [J]. IEEE Trans-
actions on Image Process, 2019, 28(11): 5510-5523.

[17] Zhou S, Xu Z, Liu F. Method for determining the optimal
number of clusters based on agglomerative hierarchical
clustering [J]. IEEE Transactions on Neural Networks &
Learning Systems, 2017, 28(12): 3007-3017.

[18] Dragu L, Tiede D, Levick S R. Esp: a tool to estimate
scale parameter for multiresolution image segmentation of
remotely sensed data [J]. International Journal of Geo-
graphical Information Science, 2010, 24(6) : 859-871.

[19] Wang M, Liu X, Gao Y, et al. Superpixel segmentation:
a benchmark [J]. Signal Processing Image Communica-
tion, 2017, 56: 28-39.

[20] Chen J, LI Z, Huang B. Linear spectral clustering super-
pixel [J]. IEEE Transactions on Image Processing, 2017,
26(7):3317-3330.

[21] Achanta R, Shaji A, Smith K, et al. Slic superpixels com-
pared to state—of—the—art superpixel methods [J]. IEEE
Transactions on Pattern Analysis & Machine Intelligence

2012, 34(11): 2274-2282.



