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Abstract: To address the problems of fuzzy entropy-based multilevel threshold segmentation methods,
such as insufficient fuzzy characteristics, high computational complexity, and poor automaticity, a
multilevel threshold segmentation method for high-resolution panchromatic remote sensing imagery is
proposed based on interval type-2 fuzzy entropy. First, a ridge-type fuzzy membership function is ap-
plied to construct an interval type-2 fuzzy set, and interval type-2 fuzzy entropy is defined in the multi-
level image segmentation scene based on the constructed fuzzy set and the number of thresholds.
Then, qubits encode a fuzzy parameter set as quantum chromosomes, and several quantum chromo-

somes are set to form the initial population. In addition, the defined interval type-2 fuzzy entropy is a-
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dopted as the fitness evaluation function to evaluate the fitness of individuals in the population, retai-
ning and recording the best individuals. In the proposed evolutionary strategy, the dynamic rotation
angle mechanism of quantum rotation gates is applied such that the population can automatically deter-
mine the optimal combination of fuzzy parameters with better adaptability and efficiency. Based on
this, the multilevel threshold is obtained by the principle of maximum fuzziness, and the optimal mul-
tilevel threshold segmentation of the image is realized. In an experiment, a multilevel threshold seg-
mentation method based on maximum entropy and fuzzy entropy was employed as the comparison al-
gorithm to segment high-resolution panchromatic remote sensing images with different ground ob-
jects. The averages of the experimental evaluation results show that the proposed method can obtain
better segmentation results while reducing the computation time. The area weighted variance is re-
duced by 39. 7%, the Jeffries-Matusita distance is reduced by 14. 7%, and the running time is 6. 403
s. The method can meet the requirements of high-resolution panchromatic remote sensing image seg-
mentation for spatial continuity and spectral uniformity, resulting in high real-time performance.

Key words: high resolution; panchromatic remote sensing imagery; image segmentation; interval type-

2 fuzzy entropy; optimization; multi-level threshold
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Tab.1 Parameter settings of GA. PSO, DE and QGA

GA PSO DE AQGA
i BT e A
100 20 100
BB # BB M
E3 53] 4 it T
0.8 (2, 2) 0.5
3% RS RS R
R E3 1 i
0. 005 0.8 0.9 0. 057
3% B % B f
SR CRORME )RR R
feftle T RRE T B R
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Fig.5 Template and simulated images
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Tab. 2 Gaussian distribution parameters of simulated image

[A] o X 5 1 Il Il v \4
Y 20 70 120 150 200
o i 22 6 9 5 4 6

L S (b) S AL R AQGA F-E A8 1 1)
Z R X ] I S8 R RIS B P =
(8,76, 79, 114, 118, 152, 167, 202}. IR
P = (9) 15 2 43 F) XS ) B E(P) =6. 56, M 48
KADE Xy )7 X8 B T={42,96. 5,135,
184.5}, 53 2 Wb EEHE FE 5o M L, 15 3
(T 7645 XSS A 18], m] i 2 de AR oy E1 2k, DA
T XTE S #EF7 0, 45 R i 6 () s, B T
AL GE L VPA BT 58 77 125 ORG24 B0 45 R 4
JEZk (UL 6 (b)) 5 5 Ik R S s &l 6 (o) B
N

& XSRS A (L% 3 FIIK 6 B Z5 AT LUF
RV X3 ) A 4 8l T A I e ofe 22 Can T
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Fig. 6 Experimental results of simulated images
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Tab. 3 Confusion matrix of segmentation results

IS A Il I \} vV
1 3261 3 0 0 0
Il 0 3291 0 0 0
1l 0 0 3294 0 0
J\! 0 0 0 3326 0
vV 0 0 0 0 3209

873 05 RS B PORS JE L R ARG
JEH Kappa {EL. 413% 4 Bz H b 28 48 An B
F MBS 2

R4 FRBPR.ERBEM Kappa &

Tab.4 Product, user, total accuracy and Kappa value

A - I J3 X 4k
K e 48 b 1 I I ¥ v
PEERERE/ % 99.9  100.0 100.0 100.0 100.0
FHPORSEE/ % 100.0  99.9  100.0 100.0 100.0
SRS EE 0.996
Kappa {8 0. 997

N 4 T LU L 4% DX A 7 R R R P
B ¥ 3k B0 4 K AE KRS Al Kappa {8 135 )
0.99LL |, — 532 2% Kappa {Hik %] 0. 8 DL [k
SRR A e L PR B AR SO vk I A AL N
HERTE
3.3 EREGSE

TEH 4 I FL A AN [R) Hb 42 1) 1R A B 4 o i SR R
B AnE 7~ (D iR, Hd B 7 RS PR
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Fig. 7 Panchromatic remote sensing images
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Fig. 8 Histogram of panchromatic remote sensing image
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Fig.9 Segmentation results

®5 REREAENMEXNEE F o6 ERE®GSITEMIBIR
Tab.5 Optimal threshold combination and maximum entropy Tab. 6  Evaluation index of remote sensing image seg-
i ik mentation
A AL EA S
T {E MV M

& 7(a) (35.4, 88. 1) 8.13 Efg oMk Selk Asc 3ok ek AR
& 7(b) (43.7, 114.0, 142.5, 222.6) 9.47 8] L1zl ik 8] [12] ik

& 7¢a) 1.363 1.012 0.794 0.651 0.665 0.601
K 7(e) (86.3, 143.4, 177.1, 203.0) 11. 45

Bl 7(b) 1.664 1.345 0.978 0.882 0.831 0.714

B 7(d) (21.5, 52.9, 64.0, 17.3, 184.4, 217.2) 7.55 B 7(o) 1.576 1.282 0.944 0.767 0.748 0.651

B 7(d) 1.884 1.697 1.207 0.943 0.805 0.788

6 A WV FIM XA R J5 2 647 9F
TEM LR . NPT UE AR R WY TR 40 BI85 5 09 [7) Bt X 3 B A 8/
FIMOT 18 3 2 A BN BT AR SOOI AR B2 AR L LA [ o DX I AR O S8 B L AR AT IR
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Tab. 7 Quantitative evaluation index reduce rate

FeE AV R 12/ 0

GO At SCRC12] A SO ik

MV [ 7(a) MMMxmo% 25. 8 41,7
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Fig. 10  Algorithms convergence curve
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%8 FEA,GA,PSO,DE #1 AQGA - 1Bt
Tab.8 Average performance of EA, GA, PSO, DE and
AQGA

ik R B 6(a) B 6(h) KB 6(e) B 6(d)
EA h

20.503 35.894 28.064 53.836
fo 8.147 9.356 11.536 7.556
std 0.012  0.009  0.023  0.028

GA N

13.945 24.834 19.386 36.126

fo 8.126  9.497 11.440 7.440
std 0.021 0.016  0.037  0.030

PSO h 4.252 7.723  6.164 11.149
Som 8.097  9.373 11.416 7.351
std 0.013 0.017 0.039  0.024

DE R 4. 085 7.450  5.721 10.603
11.409  3.446
std 0.015 0.009  0.024  0.021

AQGA h, 3.929  6.964  5.495 9.224
11. 452  7.347

std 0.009 0.012 0.01Z2 0.016
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