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Abstract: This paper proposes a fast image-segmentation algorithm with a multilevel threshold based on
the Tsallis relative entropy and wind-driven optimization algorithm. First, the principle of the Tsallis
relative entropy is analyzed, and single threshold segmentation is extended to multilevel threshold
segmentation. Then, a Gauss distribution is used to fit the image histogram information after segmentation,
and the Tsallis relative entropy is used to determine the best segmentation threshold. To improve the speed
of the threshold-segmentation algorithm, a wind-driven optimization algorithm is used to find the optimal
solution of the Tsallis relative-entropy function. Finally, the proposed algorithm is compared with
exhaustive and particle swarm optimization algorithms. The proposed algorithm is also compared with the
Otsu algorithm and the multi threshold-segmentation method based on two-dimensional entropy. The
experimental results show that the proposed algorithm can be used for multi-threshold segmentation of
images with high speed and high accuracy.
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Fig.1 The algorithm flow chart
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Table 1 PSNR and computation time values of three methods
; Number of Exhaustive method PSO-Tsallis method Proposed method
mages
g threshold PSNR/dB Time /s PSNR/dB Time /s PSNR/dB Time /s
1 9.1611 4.56 9.1611 0.67 9.1611 0.45
Camera
2 13.232 1165.45 13.192 0.72 13.209 0.48
256x256
3 19.543 16789.35 19.413 0.73 19.541 0.49
1 8.9778 12.34 8.9778 1.13 8.9778 0.87
Lenna
2 12.897 2267.55 12.678 1.21 12.879 0.89
512x512
3 19.765 2512343 19.567 1.24 19.756 0.93
1 9.0558 12.56 9.0558 1.12 9.0558 0.91
Baboon
2 12.912 2356.23 12.89 1.21 12.908 0.92
512x512
3 19.878 25789.45 19.789 1.22 19.867 0.92
1 9.0858 12.45 9.0858 1.17 9.0858 0.9
Lake
2 11.987 2312.34 11.906 1.21 11.986 0.93
512x512
3 12.854 25463.12 12.812 1.23 12.853 0.94

(a) Ji4HKE  (a) Original image

(b) Otsu Hi%  (b) Otsu algorithm
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(c) —4EH%5i% (c) Two-dimensional entropy algorithm (d) A3LH I (d) The proposed algorithm
3 BEs EUE R R RE Fig.3 Single threshold segmentation of coal -rock image

(a) JF4AKEIE  (a) Original image (b) Otsu Hi%  (b) Otsu algorithm

(c) —#EH53% (c) Two-dimensional entropy algorithm (A CHE  (d) The proposed algorithm
B4 kBB R e 53 %) Fig.4 Single threshold segmentation of flame image

(a) JRUGEEME  (a) Original image (b) Otsu Hik (b) Otsu algorithm

¥
(c) —#ER5i%: (c) Two-dimensional entropy algorithm (AR LHEE  (d) The proposed algorithm
B 5 Lo AMEG R RME A Fig.5 Single threshold segmentation of Infrared image
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Table 2 Image of one threshold segmentation contrast table
OTSU Two-dimensional entropy !'*! Proposed method
fmages Threshold UM Time /s  Threshold UM Time /s  Threshold UM Time /s
coal -rock
image (127,127) 0.879 0.48 (130,133) 0.856 2.12 (122,125) 0.889 0.51
312x418
flame
image (79,79) 0.765 1.11 (81,83) 0.744 3.12 (63,65) 0.786 1.13
587%700
Infrared
image (106,106) 0.789 1.23 (108,107) 0.751 3.54 (100,102) 0.790 1.21
580x780

Sy BT AY 5 B B2 oA HLPE R AR AT,
T A — > 703 DX I N 0 — Bl v i, Xt = P i
(X 3 PN 38 0 1 350500 FE AR & 11 R G0 R B s
Ule—éZ{ 2 [f(X,y)—% 2, feeyry (s

i (xyeR) (x,yeRy)

Arb: AR FIDOR R RN GHBD
—AL R

MIE 4 v, W DLBLR A BIASCRGE 70 G
FEF RN IG5 R, FAl I R 5025 70 B BRI
WTACEIER B R B S haTAER], AT
BEESRIREEEINE R, N ST AT
MEIEE L. R 2 PSR RE, A SCEER
KIS MBI R T OTSU SEF e 5%, RUIA
SR BRI BIROR T o AR BE D FIH LT,
ARSLFIERE AT (0] 5 OTSU BiE Mg 47 I [A] 5 A AH
T, AH T YEIVE RIS AT I [A] EEAS SC BRI IS AT IR ] 4
T AfE A, WA, ASCRIVEEERE LRI T
U, RICTTDUR Y, ASCRIEAE 7 BIRCR A7)
Flf Ia) L2 BA —E B

4 ZEig

ARSCHRE T — AT Tsallis H%H5 5 RERENE AL
FR I EAG 2 BE 2 I H . 150K Tsallis AHXRE
BB > FIHE B Tsallis M2 BIE ], A5
¥4 Tsallis MX 5 RIKBIRAL FIEARL &, BT £
BE S E R HREER. TR NS &EE
R ERS 285, R RERR TR, SLiRgs
R, FET Tsallis AHXE M 2 BIUE 5], BB H]
ORI IDIEW . R A SCRIEAR LS 2k R T
272500 Fifi. AR FREEVER T 240 1.4 5. ACHE
AR TR RS . WSICE BT, WS 3R

C®mrH

o [AlIN ASCREA N 22 ) OTSU SIE MR T — 4k

138 10 22 BAE 20 B AR 2 BRI 8] L B — %€

AIPLHS o PRIMAS SR Y I SRR RE 6 B T R 2% R Y

Z R E.

SE M :

(1] T, FL3k, BZE. BiEROR TRHEEML =4t OTSU MBI BIME /> ]
FAD]. BTNESEEER, 2017, 31(6): 827-832
YU Yang, KONG Lin, YU Chuang. Image threshold segmentation
algorithm based on adaptive particle swarm optimization of two
dimensional OTSU[J]. Journal of Electronic Measurement and
Instrumentation, 2017, 31(6): 827-832

[2] GDIeME, R4 FET 4 Renyi S8R JIHBEHEZSFI]. B
FilE5{LEEER, 2016, 30(12): 1869-1876.
MA Yinghui, WU Yiquan. Image segmentation for tool wear based on 2D
Renyi cross entropy[J]. Journal of Electronic Measurement and
Instrumentation, 2016, 30(12): 1869-1876.

B]1 &E, &%, KPR, & —MET Tsallis X BRI
EEIBUTAD]. B SRR FFHR, 2017, 54(7): 137-144.
NIE Fangyan, LI Jianqi, ZHANG Pingfeng, et al. A threshold selection
method for image segmentation based on Tsallis relative entropy[J]. Laser
& Optoelectronics Progress, 2017, 54(7): 137-144.

(4] EF, XNk, HEE, & BT R/NBIIM S MRF B 75 44
BG4 ET]. IXERILERER, 2016, 37(4): 895-903.
XIA Ping, LIU Xiaomei, LEI Bangjun, et al. Sonar image segmentation
based on tree-structured MRF model in complex-wavelet domain[J].
Journal of Electronic Measurement and Instrumentation, 2016, 37(4):
895-903.

[5]1 XUBE, 9. FET Lab fl YUV Bfa 2 (8] 1R B G 5 857 00]. Bk
BFMERAR, 2015, 34(4): 39-41,57.
LIU Qiong, SHI Nuo. Farmland image segmentation based on Lab and

YUV color spaces[J]. Foreign Electronic Measurement Technology, 2015,

999



Fa2% F10H AN S N Vol.42 No.10
2020 4E 10 A Infrared Technology Oct. 2020
34(4): 39-41, 57. [13] MRid, MRy, M, 2. 5T a0k B 4k i 2 AR Pk R &

[6]

[7]

[8]

[91

[10]

[11]

[12]

TIAN Y, L1 J, YU S, et al. Learning complementary saliency priors for
foreground object segmentation in complex scenes[J]. International
Journal of Computer Vision, 2015, 111(2): 153-170.

Dirami A, Hammouche K, Diaf M, et al. Fast multilevel thresholding for
image segmentation through a multiphase level set method[J]. Signal
Processing, 2013, 93(1): 139-153.

ZHANG X, XU C, LI M, et al. Sparse and low-rank coupling image
segmentation model via nonconvex regularization[J]. International
Journal of Pattern Recognition and Artificial Intelligence, 2015, 29(2):
1555004.

Sarkar S, Das S, Chaudhuri S S. A multilevel color image thresholding
scheme based on minimum cross entropy and differential evolution[J].
Pattern Recognition Letters, 2015, 54: 27-35.

ZHANG J, LI H, TANG Z, et al. An improved quantum-inspired genetic
algorithm for image multilevel

thresholding segmentation[J/OL].

Mathematical Problems in Engineering, 2014: https:// www.
hindawi.con/ journals/mpe/2014/295402/figl/.

LI Y, JJAO L, SHANG R, et al. Dynamic-context cooperative
quantum-behaved particle swarm optimization based on multilevel
thresholding applied to medical image segmentation[J]. Information
Sciences, 2015, 294: 408-422.

Ghamisi P, Benediktsson J A. Feature selection based on hybridization of
genetic algorithm and particle swarm optimization[J]. IEEE Geoscience

and Remote Sensing Letters, 2015, 12(2): 309-313.

1000

[14]

[15]

[16]

[17]

F[I]. FFREEIIR, 2014, 22(2): 517-523.

CHEN Kai, CHEN Fang, DAI Min, et al. Fast image segmentation with
multilevel threshold of two-dimensional entropy based on firefly
algorithm[J]. Optics and Precision Engineering, 2014, 22(2):517-523.
Bhandari A K, Singh V K, Kumar A, et al. Cuckoo search algorithm and
wind driven optimization based study of satellite image segmentation for
multilevel thresholding using Kapur’s entropy[J]. Expert Systems with
Applications, 2014, 41(7): 3538-3560.

(EAERE, SKAGS], M. RIESI RS IR RFEZER:
HARELEAR, 2015, 29(2): 153-158.

REN Zuolin, ZHANG Ruijian, TIAN Yubo. Wind driven optimization
algorithm[J]. Journal of Jiangsu University of Science and Technology:
Natural Science Edition, 2015, 29(2): 153-158.

HR, ®rhid, PR, 6. T HARERER 0 RIR S0 AL i 5
EALT]. B FFESITEM, 2017(5): 30-34.

TIAN Dong, CAO Zhongqing, CHEN Binbin, et al. Research on wind
driven optimization particle filter algorithm based on target tracking[J].
Microelectronics and Computer, 2017(5): 30-34.

TR e, BT KRB SHE BN 22 I 24 1R A BR T AR A TE AR 52 [D].
Jegt: LRz, 2018,

ZHANG TianNeng. Finite Element Model Updating Based on Wind
Driven Optimization and Wavelet Neural Network[D]. Beijing: Beijing

Jiaotong University, 2018.



