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Fuzzy Threshold Optical Remote Sensing Image Segmentation With Variable Class

Number Based on Local Spatial Information

YANG Yun' LIYu' ZHAO Quan-Hua'

Abstract Threshold segmentation has been widely used in optical remote sensing image analysis. However, tradi-
tional threshold methods also have many limitations, such as sensitivity to noise, artificially setting the number of
classes, high computational complexity and so on. Aiming at the limitation of traditional threshold methods, a fuzzy
threshold optical remote sensing image segmentation method with variable class numbers based on local spatial in-
formation is proposed. Firstly, taking the one-order moment of the image spectrum as the initial class center, the di-
chotomy principle and the maximum similarity criterion between regions are used to quickly determine the number
of classes and their centers. Then, through the ridge-shaped fuzzy membership function, the degree of membership
of each pixel to different classes is calculated. Meanwhile, considering the local spatial information of the member-
ship of each pixel, a fuzzy weighted filter is defined in the membership domain to filter the membership matrix of
each class. Based on the filtered membership set, the label field of the image is determined according to the maxim-
um membership principle. Finally, the local abnormal labels in the label field are replaced, and the corrected label
field is colored by the corresponding class center to obtain the segmented image. The results of visual and statistic-
al analysis show that compared with the traditional threshold method, the proposed method can obtain better seg-
mentation results while reducing the computation time. It can be applied to multi-threshold segmentation of optic-
al remote sensing images.
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Table 2 Quantitative evaluation results of simulated image segmentation
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Fig.5 Panchromatic remote sensing images and segmentation results
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Table 3  Quality evaluation of panchromatic remote sensing image segmentation
MV JM
M Kmeans FCM ICHR [19] KTk Kmeans FCM SCHR [19] AT
& 5 (al) 1.626 1.335 0.973 0.632 0.887 0.742 0.712 0.633
5 (bl) 2.344 1.698 1.335 0.966 0.831 0.787 0.737 0.596
5 (cl) 1.886 1.475 1.203 1.079 0.759 0.703 0.663 0.645
5 (dl) 0.982 0.875 0.619 0.512 0.692 0.640 0.598 0.582
£ 4 HEERENL Kmeans S A GEX [ 57 X 38 A 8 1) 53t o PR EAT A7
Table 4 Computational complexity comparison WA, FCM T2 E TEMNFRECRMAEX
Fivk A Ze %Bﬁ‘?ﬂ%lllzii,@, ﬁ&ﬁﬁﬂﬁﬁﬁﬂﬁ%ﬁgﬁﬁ’&&@@, 7
Kmeans O((K+ M x N/K) x t) %‘J%%ﬁﬁﬁé\)\ﬁﬁ% if’#ﬂ( [19] %U)ﬂ?l“ﬂé\ﬁiﬁ'fglﬁn
FCM O((M x N x K x t) RN ERP GRS R0 2 AR,
Sk [19] O((1+ M x N) x K x t x w?) S 1B RIBOR, H I 8 07 R 2R B0 AN R R
ALy O(M X N x K+2xMx N xw?) A5 B EURA A &R, (515 mE 6 (b4)
iy A S H B AR 2 B R . A STV TR FH ) S g
%5 ARG FI R (s) 25 [ RIAF ML R s 5 AeRi e 22 T B4 AH EL A AT B
Table 5 Panchromatic images segmentation o 8 (5] — A 4, R G g = 2 B I BE & , Al DLTE AR o
pime comparison (3 S R SR, PR 43 ) 4 L SR [19)
Ji i 5 (al) 5 (b1) 5 (cl) 5 (d1) FVETEA M.
Kmeans 1.49 1.62 4.17 2.38 i’é 6 ?yﬂﬁﬁ MV.JM ﬂzu E XTJ‘IZE] 6 EP B(J 4 [[]EIZS]
FOM L am s e AT I Z . T 6 WL t, A SO Y
A FE SRR M, LRI A SOk AT A 208 1
AT 1.66 1.80 3.87 2.29

B, R R RSN R R I, MK H R
GRZ R B I AR AR K, M2 N, A30T77:
A B 0 42 )R A5 BRI aa R bl B, T 42
5 FE Ja) 2 (A RN, ASSCHE SR FE IR 5 4k
FIREBTT s, AR TSR IR, (A SOy i B ik
RN VSN

ZRIERE G2 E

N T ARBUAR SC 7V IE A, X 22 o i 1 R A
BHAT T2 E. 6 (al)~(dl) BT 0.5 K5
1) WorldView-2 EIE, H A5G AR A H A7
FFA, b &6 (al) ~ (d1) FIREESHIA 476 x 432,
397 x 356 « 445 x 342 1529 x 435 1§ %, HA AL
3G 5646 AT AR X 3k, R A ST AR
X LE v ek AT 4y B 52 b E 6 (a2) ~ (d2)

2.4

NAH] Kmeans J7 &3R4 R € 6 (a3) ~ (d3)
NHAHM FCM J7iEpr3 4 R ; B 6 (ad) ~(d4) N
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A A ST B 4 R
HIE 6 ATLAE Y, H1 T 206 i B B (S
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Xof 5 DX el o 2 ) i 2
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Fig.6  Multispectral remote sensing images and segmentation results
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Table 6  Quality evaluation of multispectral remote
sensing image segmentation

Ei=22) Jik K 6 (al) 6 (b1) 6 (cl) 6 (d1)

Kmeans 1.971 1.613 2.316 2.146
FCM 1.813 1.404 1.833 1.799

MV
SCHR [19] 1.570 1.071 1.279 1.344
KTV 1.376 0.796 0.941 1.001
Kmeans 0.832 0.797 0.774 0.808
FCM 0.748 0.624 0.647 0.734
M SCR [19] 0.662 0.588 0.541 0.631
KT 0.575 0.534 0.532 0.565
Kmeans 0.671 0.572 0.607 0.632
. FCM 0.524 0.466 0.573 0.597
SCik [19] 0.456 0.403 0.434 0.463
AL TgVE 0.347 0.332 0.293 0.306

R ZEEG BT XL (s)
Table 7 Multispectral images segmentation
time comparison (s)

Ji i 6 (al) 6 (b1) 6 (cl) B 6 (d1)

Kmeans 4.15 2.75 3.01 5.39
FCM 7.33 4.99 5.34 9.54
SRk [19] 106.02 66.65 77.49 138.51
KLTTiE 3.56 3.15 3.37 4.68

SE , R G RE R R AR R 2 & i R A T — A
P A S F A A vk U5 56

References

1 Wang M, Huang J R, Ming D P. Region-line association con-
straints for high-resolution image segmentation. IEEE Journal of
Selected Topics in Applied Earth Observations & Remote Sens-
ing, 2016, 10(2): 1-10

2 Troya-Galvis A, Gancarski P, Berti-Equille L. Remote sensing
image analysis by aggregation of segmentation-classification col-
laborative agents. Pattern Recognition, 2018, 73: 259-274

3 Li Xiu-Xia, Jing Lin-Hai, Li Hui, Tang Yun-Wei, Ge Wen-Yan.
Seed extraction method for seeded region growing based on one-
dimensional spectral differences. Journal of Image and Graphics,
2016, 21(9): 12561264
(BB, MMk, 28, HRE, o0t 2% 1 i ERNKX
BAEKM T RO 3. T ZE ¥4, 2016, 21(9):
1256-1264)

4 You Jiang, Tang Li-Wei, Deng Shi-Jie, Su Xu-Jun. Fast target
segmentation algorithm fully based on edge information. Laser
& Infrared, 2017, 47(3): 372-378
(URIL, Bt MR, PR, e T 145 B B bR Lt
SIS WS4, 2017, 47(3): 372-378)

5 Funke J, Tschopp F D, Grisaitis W, Sheridan A, Singh C,

Saalfeld Se. Large scale image segmentation with structured loss
based deep learning for connectome reconstruction. IEEE Trans-

10

11

12

13

14

15

16

17

18

actions on Pattern Analysis & Machine Intelligence, 2018, 41(7):
1669-1680

Li Qing, Tang Huan, Chi Jian-Nan, Xing Yong-Yue, Li Hua-
Tong. Gesture segmentation with improved maximum between-
cluster variance algorithm. Acta Automatica Sinica, 2017, 43(4):
528-537

(B8, R, BT, TRAKER, 254, BT ot o KR 77 2251
FRADBITFHR. BIMEFER, 2017, 43(4): 528-537)

Zeggada A, Melgani F, Bazi Y. A deep learning approach to
UAV image multilabeling. IEEE Geoscience & Remote Sensing
Letters, 2017, 14(5): 694-698

Tian Juan-Xiu, Liu Guo-Cai, Gu Shan-Shan, Ju Zhong-Jian, Liu
Jin-Guang, Gu Dong-Dong. Deep learning in medical image ana-
lysis and its challenges. Acta Automatica Sinica, 2018, 44(3):
401-424

(HUEFS, XVE A, S, B, X2, B B2 EE S
IREESE ST 5 58k, B aEEIR, 2018, 44(3): 401-424)
Fredo A R J, Abilash R S, Kumar C S. Segmentation and ana-
lysis of damages in composite images using multi-level threshold
methods and geometrical features. Measurement, 2017, 100(100):
270278

Yamini B, Sabitha R. Image steganalysis: Adaptive color image
segmentation using Otsu’s method. Journal of Computational &
Theoretical Nanoscience, 2017, 14(9): 45024507

Huang Yang, Guo Li-Jun, Zhang Rong. Integration of global
and local correntropy image segmentation algorithm. Journal of
Image and Graphics, 2018, 20(12): 1619-1628

(3, FALFH, B, AlE 4R AR HOH I 1 B o). R E
Z AR, 2018, 20(12): 1619-1628)

Choy S K, Shu Y L, Yu K W, Lee W Y, Leung K T. Fuzzy
model-based clustering and its application in image segmenta-
tion. Pattern Recognition, 2017, 100(68): 141-157

Kurt B, Nabiyev V V, Turhan K. A novel automatic suspicious
mass regions identification using Havrda & Charvat entropy and
Otsu's N thresholding. Computer Methods & Programs in Bio-
medicine, 2014, 114(3): 349-360

Mousavirad S J, Ebrahimpour-Komleh H. Multilevel image
thresholding using entropy of histogram and recently developed
population-based metaheuristic algorithms. Evolutionary Intelli-
gence, 2017, 10(1): 45-75

Chan Si-Xian, Zhou Xiao-Long, Zhang Zhuo, Chen Sheng-Yong.
Interactive multi-label image segmentation with multi-layer tu-
mors automata. Acta Automatica Sinica, 2017, 43(10):
1829-1840

(PR, AN, Sk, BRI . — TR R 1R B 3 Sl
ZHFSEE L. BEMEFEIR, 2017, 43(10): 1829-1840)

Jiang Feng, Gu Qing, Hao Hui-Zhen, Li Na, Guo Yan-Wen,
Chen Dao-Xu. Survey on content-based image segmentation
methods. Journal of Software, 2017, 28(1): 160—183

(M, BUR, S, U, FEC, WREE. 3T NAR IR #
Tkeik. Bk, 2017, 28(1): 160-183)

Xiao Man-Sheng, Wen Zhi-Cheng, Zhang Ju-Wu, Wan Xin-Fan.
An FCM clustering algorithm with improved membership func-
tion. Control and Decision, 2015, 30(12): 2270-2274

(B2, SCEU, SRRk, VEHN. — b ook 5 s 2 s 2 FC MR
B 5K, 2015, 30(12): 2270-2274)

Prakash M R, Shantha S K R. Fuzzy C means integrated with


https://doi.org/10.1016/j.patcog.2017.08.030
https://doi.org/10.11834/jig.20160915
https://doi.org/10.3969/j.issn.1001-5078.2017.03.023
https://doi.org/10.3969/j.issn.1001-5078.2017.03.023
https://doi.org/10.1016/j.patcog.2017.08.030
https://doi.org/10.11834/jig.20160915
https://doi.org/10.3969/j.issn.1001-5078.2017.03.023
https://doi.org/10.3969/j.issn.1001-5078.2017.03.023

19

20

21

22

23

24

25

26

27

2 W2 A HE T o3 2 (R4 U2 1) ] AR AR B 6 2% 18 B U 4 593
spatial information and contrast enhancement for segmentation *ﬁ ?‘.E LTI%IE(*X /D] lﬁiﬂ_j‘

of MR brain images. International Journal of Imaging Systems
& Technology, 2016, 26(2): 116—123

Zhao Xue-Mei, Li Yu, Zhao Quan-Hua. Self-adaptive FLICM al-
gorithm for gray image segmentation with unknown number of
clusters. Control and Decision, 2017, 32(2): 262—268

(BT, 2K, BURE. S8 EIERA AR RFLICMAK K& 5 &1
Bk PG, 2017, 32(2): 262-268)

Ning J F, Zhang L, Zhang D, Wu C K. Interactive image seg-
mentation by maximal similarity based region merging. Pattern
Recognition, 2010, 43(2): 445—456

Du Mao-Kang, Wang Zhong-Si, Song Qiang. Research of im-
proving similarity measure based on Bhattacharyya coefficient.
Journal of Chongqing University of Posts and Telecommunica-
tions (Natural Science Edition), 2018, 30(5): 115-120

(FLERE, TR0, SRoE. FEF Bhattacharyya 2 10 etk A URE B2
BNE. ERIE R 2R (A A FLR), 2018, 30(5): 115-120)

Choi S H, Jung H Y, Kim H. Ridge fuzzy regression model. In-
ternational Journal of Fuzzy Systems, 2019, 21(7): 2077-2090

Mansoori G, Zolghadri J, Katebi D. A weighting function for
improving fuzzy classification systems performance. Fuzzy Sets
& Systems, 2007, 158(5): 583-591

Wang Y, Qi Q, Liu Y. Unsupervised segmentation evaluation
using area-weighted variance and Jeffries-Matusita distance for
remote sensing images. Remote Sensing, 2018, 10(8): 1193-1217

Chen H C, Wang S J. Visible colour difference-based quantitat-

ive evaluation of colour segmentation. IEE Proceedings-Vision,
Image and Signal Processing, 2006, 153(5): 598—609

Li Yu, Xu Yan, Zhao Xue-Mei, Zhao Quan-Hua. Multispectral
image segmentation by fuzzy clustering algorithm used Gaussi-
an mixture model.
25(2): 509-518
(B, &4, BT, BURME. T & R S R A £ 61 R R
IRy E. ek s TR, 2017, 25(2): 509-518)

Optics and Precision FEngineering, 2017,

Yellamraju T, Boutin M. Clusterability and clustering of im-
ages and other “real” high-dimensional data. IEEE Transac-
tions on Image Processing, 2018, 27(4): 1927-1938

SRR e T L ] e SO -3 ) W
[Fi) Ay i 73 R SRR PR ) s H b T LT
DA RFAESR AR

E-mail: m13147945981@163.com
(YANG Yun Ph. D. candidate at
the School of Geomatics, Liaoning
Technical University. His research interest covers the
geometry and feature extraction of ground objects in
high resolution remote sensing images.)

F £ UTIREBERRZNZ S
R 2B R . ST W)y e
JREAE A PR P % 5 N AR T T, A
SOEEEE.

E-mail: liyu@Intu.edu.cn

(LI Yu Professor at the School of
Geomatics, Liaoning Technical Uni-
versity. His research interest covers remote sensing
data processing theory and basic research. Correspond-
ing author of this paper.)

BRE T TR RN St
R R B ER . ST W YRR
IR S 2 BEATL L AT 2 RE IR ]
AL TR R

E-mail: zhaoquanhua@Intu.edu.cn
(ZHAO Quan-Hua Professor at the
School of Geomatics, Liaoning
Technical University. Her research interest covers re-
mote sensing image modeling and analysis the applica-
tion of random geometry in remote sensing image pro-
cessing.)


https://doi.org/10.1016/j.patcog.2009.03.004
https://doi.org/10.1016/j.patcog.2009.03.004
https://doi.org/10.1007/s40815-019-00692-0
https://doi.org/10.1007/s40815-019-00692-0
https://doi.org/10.3390/rs10081193
https://doi.org/10.1049/ip-vis:20045221
https://doi.org/10.1049/ip-vis:20045221
https://doi.org/10.3788/OPE.20172502.0509
https://doi.org/10.1109/TIP.2017.2789327
https://doi.org/10.1109/TIP.2017.2789327
https://doi.org/10.1109/TIP.2017.2789327
https://doi.org/10.1016/j.patcog.2009.03.004
https://doi.org/10.1016/j.patcog.2009.03.004
https://doi.org/10.1007/s40815-019-00692-0
https://doi.org/10.1007/s40815-019-00692-0
https://doi.org/10.3390/rs10081193
https://doi.org/10.1049/ip-vis:20045221
https://doi.org/10.1049/ip-vis:20045221
https://doi.org/10.3788/OPE.20172502.0509
https://doi.org/10.1109/TIP.2017.2789327
https://doi.org/10.1109/TIP.2017.2789327
https://doi.org/10.1109/TIP.2017.2789327

	1 算法描述
	1.1 类别及其中心初始化
	1.1.1 类中心初始化
	1.1.2 划分阈值选取
	1.1.3 待定类识别
	1.1.4 类别区域融合
	1.1.5 查找结束

	1.2 像素隶属度分配
	1.3 隶属度域滤波
	1.4 标号域滤波和赋色
	1.5 算法流程

	2 实验结果与讨论
	2.1 实验设置
	2.2 模拟图像分割
	2.3 全色遥感图像分割
	2.4 多光谱遥感图像分割

	3 结论

