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Abstract: Threshold segmentation is a kind of simple and effective method, however, the existing single-threshold
method is hard to realize satisfactory effect in segmenting the images of urban area. In order to segment the remote sens-
ing images of urban area quickly and accurately, a multi-threshold segmentation method based on straight-line intercept
histogram, reciprocal grayscale entropy and Artificial Bee Colony (ABC) Optimization was proposed in the paper.
Firstly, the straight-line intercept histogram was defined and the straight-line intercept histogram of the urban remote
sensing image was established; then the value of the reciprocal grayscale entropy of the histogram was calculated and
the single-threshold selection formula was deduced; finally, the application was popularized to multi-threshold selection,
ABC Optimization algorithm was utilized for precise optimization of many thresholds, so as to finally realize the multi-
threshold segmentation of urban remote sensing images. A large number of experiments show that, the multi-object
shape and edge in the images segmented by the method are more accurate, the textures and details are more explicit, in
addition, its running time is only 25% of other similar multi-threshold segmentation methods. This is a kind of effective
method for segmenting the remote sensing images of urban area.

Keywords: extraction of urban area; remote sensing image; image segmentation; thresholding; multi-level threshold se-
lection; straight-line intercept histogram; reciprocal grayscale entropy; optimization of artificial bee colony
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Fig.1 Vertical and oblique segmentation of two-dimensional histogram
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Fig. 4 Remote sensing image of urban area 1, its segmenta-
tion results and its line intercept histogram
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tion results and its line intercept histogram
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Fig. 6 Remote sensing image of urban area 3, its segmenta-
tion results and its line intercept histogram

R1 SHWAENERTERLE
Table 1 Comparison of five methods in correct segmentation
rate %

oy BT S AR SO T AR 7 FRLEIEOR
BERS AN T ERE DAL ) BB L 22 B {EL 0 D7k /Y
RAOCEE HEEL, nT LA 5T PSO A48 KU 51
{H . 2 BUE R AR AL T— 4R BT IR
Sl 1, e OUBERITERTN (0, 255), MIASCITIERZ
HESL T EER U BT R RO JER L, A1 25 TR
PR EIIKEE AR S, S UR{ERERA (0, 511)
R2 AMFENRESBHELR

Table 2 Comparison of four methods in optimal thresholds

i i IR X3 IR X 3% IR X
HiE EGR 1 EEG 2 REG 3
! 59 136 110

H
A [ {1
Hi+PSO B (154, 83) (189, 123) (172, 91)
=BIE (171, 116, 56) (191, 130, 68) (194, 133, 72)
PR E 278 155 221
X WEE (210,335 141, 200 152,282
73‘7% "~ - ( 5 ) ( s ) ( 5 )

= (277, 364, 454) (127, 64, 310) (131, 236, 318)

U - WEXiE  WXiE IXiE
" MR i mmie o mEm s
KFCM =2k 97.67 98.08 94.98

HEE 3965 45.92 93.70

FEEON+PSO  WUHMH 8942 4146 92.81
=HE 8722 9051 93.33

HHIE 9074 8858  93.99

ARSI MEE 9725 9413 97.08

=HH 9846 98.37 98.21

AR F ARG S BT RN L AN PR AR
5 TG Y5 2 B, TEAE BT X K B J2E YR A T B Y S
(WA 5(a)), B REE XTSRS F 5 SRR KW
K% (n1& 6(a)), 5 KFCM B0 %06: | BT
PR3 EEE | LT PSO BYFE B0 22 B (1 5 #3241
Fb, AR SO B ST RS Ty R B RO E JE A
N TIEREOLA ) 22 BE 5y 5 5 A BIBSOR B3
iRTAEOLy e

2 451 T T PSO RYFEEUR BRI L 2R

%309 5 R EDT LR R TI RXF H. A
FPal LUA h, KFCM BR800 1ia 1T e 32 4]
BRI B, BRI RS ORI IR, S [a]
R, JCIE R IS PR EOR o AR SCHR HY A0 LR
{[EWR7 S LN - MK 2V N w8 .07 i v € 353 VIR BT
FOPRIBOR R M AR SCHR Y A 22 B fEL 0 13 AR RE IS
5T PSO B i 5 g {5 73 1A AN 2, T 2
T PSO HUFR B 22 BI{E 7 FIEA L, DO B T
[A]AY 25% . X EEE W TASON R RERE T IKES |
BB TR JE G 17 BB ST ) — 2 A
7 V&L, R I B B R 3R 25 ) e 4R R Ak oy — 4k,
BN T IR, AT T as ATt E, 2R
ABC fRALTEINE T it 2 BEM R R . &
TR, AT H A 2 BE 23 I D5 IA A — A g
SRR A R, RIEREAR & T I E s AT

®3 5SMHAENESITRELLE

Table 3 Comparison of five methods in running time s

AR WGE OWIXE WXE
BEB L KR 2 EEIRS
KFCM =2k 12745 21660  129.7655
BEE 00780  0.0229 1.5354
FEHOH+PSO  XUHH 03450  0.2837 1.647 8
“HIfH 04283 03634 1.8345
BEE 00194 00169 0.348 0
A7 WEE 0.0706  0.072 0.407 4
=B 00823  0.0843 04738




©234 . HOE R

g LERRE

5 HFRiE

AR SCHE 1) 5L T B 2R U L RUEBOR B R
F ABC 1) 2 BB 73 #1777k, DA X E i B R IR R
() —HEE AR B IRk d 7 2RI B R, DAk
P BEAE R s MLk —4E . 55—, MEIEUK
JEE AR Ay 0 DX 3 J P 140 P 3 {1 30 BB D0 R 8, R
FH ABC Bt e i BE 38 T 6470k, R
T IR IE TR o AR SRR S TR RS 1)
YR IX B R EUG 0 B AR W E— 5 R A T, 050
RN, 5 KFCM R2E0E1k | T PSO YF54K
P05 (43 B0 R AR HEA T BE, 78 32 O S8 00 R FD
TEM AR R 7 T8, UERA T A SO 15 B MR P A S
b, AR SCHEHE B 3, EO0F T AR50 v A 3
X, EFY - H, B TR EIRCR

SE -

[1] SIRMACEK B, UNSALAN C. Urban area detection using
local feature points and spatial voting[J]. IEEE geoscience
and remote sensing letters, 2010, 7(1): 146-150.

[2] SIRMACEK B, UNSALAN C. Using local features to
measure land development in urban regions[J]. Pattern re-
cognition letters, 2010, 31(10): 1155-1159.

(3] ARTLHE, VT, i35 DR SRR T HL Y - ) Y

TN I T[], SRR E 24 5 BB, 2011,
36(3): 301-305.
ZHU Jianghong, LI Jiangfeng, YE Jing. Land use informa-
tion extraction from remote sensing data based on decision
tree tool[J]. Geomatics and information science of Wuhan
university, 2011, 36(3): 301-305.

[4] PRIk, B, ZRugee, 25, —Fiog i s o B s B AR X

P71 [J]. BR300 A5 BARFA R, 2013, 38(9):
1063-1067.
CHEN Hong, TAO Chao, ZOU Zhengrong, et al. Automat-
ic urban area extraction using a Gabor filter and high-resolu-
tion remote sensing imagery[J]. Geomatics and information
science of Wuhan university, 2013, 38(9): 1063-1067.

(5] 200, S8l My, BT F 3G 4R B (Bl & b ic i)

TE I PR SURE > HI (7], AL AUBA R, 2013, 44(7):
222-228.
LI Li, CHAI Wenting, MEI Shuli. Segmentation of remote
sensing images based on adaptive global threshold and fused
markers[J]. Transactions of the Chinese society for agricul-
tural machinery, 2013, 44(7): 222-228.

[6] BRIL, REIAE, BhZE, 45, PGtk — 4 Otsu KR4 #1 515
R SCB )], TS0 Bk, 2010, 32(5):
1100-1104.

CHEN Qi, XIONG Boli, LU Jun, et al. Improved Two-Di-

mensional Otsu image segmentation method and fast recurs-
ive realization[J]. Journal of electronics and information
technology, 2010, 32(5): 1100-1104.

[71 RANJANIJ J, THIRUVENGADAM 8 J. Fast threshold se-
lection algorithm for segmentation of synthetic aperture
radar images[J]. IET radar, sonar and navigation, 2012, 6(8):
788-795.

[8] ik&W", R—4. 3T Tent MLES CPSO Y —HERlrFEE0R

BB/ E[0). {5 540, 2010, 26(5): 703-708.
ZHANG Jinkuang, WU Yiquan. Image thresholding based
on 2-D oblique exponent entropy method and Tent map
chaotic particle swarm algorithm[J]. Signal processing,
2010, 26(5): 703-708.

[91 SARKAR S, DAS S, CHAUDHURI S S. A multilevel col-
or image thresholding scheme based on minimum cross en-
tropy and differential evolution[J]. Pattern recognition let-
ters, 2015, 54: 27-35.

[T0]MALYSZKO D, STEPANIUK J. Adaptive multilevel
rough entropy evolutionary thresholding[J]. Information
sciences, 2010, 180(7): 1138-1158.

[I1]NTAZMARDI S, NAEINI A A, HOMAYOUNI §, et al.
Particle swarm optimization of kernel-based fuzzy C-
means for hyperspectral data clustering[J]. Journal of ap-
plied remote sensing, 2012, 6(1): 063601.

[12]KAPUR J N, SAHOO P K, WONG A K C. A new method
for gray-level picture thresholding using the entropy of the
histogram[J]. Computer vision, graphics, and image pro-
cessing, 1985, 29(3): 273-285.

[13]CAO L, SHI Z, CHENG E K W. Fast automatic multilevel
thresholding method[J]. Electronics letters, 2002, 38(16):
868-870.

[14] —4x, W RS5E, SWFUm, 55, T 28500 R 15 1 iy

TR B FI]. PR AR R FRBHAR,
2014, 42(12): 70-74, 80.
WU Yiquan, MENG Tianliang, WU Shihua, et al. Remote
sensing images segmentation of rivers based on two-di-
mensional reciprocal gray entropy[J]. Journal of Huazhong
university of science and technology: nature science, 2014,
42(12): 70-74, 80.

[15] Wit B0y, Bl 25, 56Tk Uk i — 4R 2 B (E
PR G HI[T]. LA TR, 2014, 22(2): 517-523.
CHEN Kai, CHEN Fang, DAI Min, et al. Fast image seg-
mentation with multilevel threshold of two-dimensional en-
tropy based on firefly algorithm[J]. Optics and precision
engineering, 2014, 22(2): 517-523.

[16] 2 A, HIBE. Flde M I U 44 22 B (f e 6 9 A5 1R A
BEET. BH2A4R, 2000, 11(3): 379-385.

LUO Xiping, TIAN Jie. The ICM algorithm for multi-level

threshold selection by maximum entropy criterion[J].



24 SRIFUE, S5 FLEHEE EL5 IR IX

RG22 BB 5 © 235

[17]

[18]

Journal of software, 2000, 11(3): 379-385.

1 AR, KB 25 S AR o0 38 % 553 1) 0L 1R M 1 45 2 1)
[0). BEFIRI224R, 2014, 32(4): 427-433.

ZHENG Yi, ZHENG Ping. Dual thresholding method us-
ing fuzzy entropy and genetic algorithm[J]. Journal of ap-
plied sciences, 2014, 32(4): 427—433.

1 B, AT BT R TR Y 22 K L A
4311, THEHL, 2012, 32(S2): 147-150.

WANG Shuliang, ZHAO Heji. Multilevel thresholding
gray-scale image segmentation based on improved particle
swarm optimization[J]. Journal of computer applications,
2012, 32(S2): 147-150.

[19]3& — 4, TR, RV, 55 R R s PSO B

AT 24 IR B R 15 430 0]
Hﬁ, 2011, 36(9): 1059-1063.
WU Yiquan, ZHANG Xiaojie, WU Shihua, et al. Two-di-

mensional gray entropy image thresholding based on

DR A 5 BB

particle swarm optimization with high speed convergence
or decomposition[J]. Geomatics and information science of
Wuhan university, 2011, 36(9): 1059—1063.

[20] HORNG M H. A multilevel image thresholding using the

[21] R—4, @5P8, Rirm, 55, 2+

[22]

honey bee mating optimization[J]. Applied mathematics
and computation, 2010, 215(9): 3302-3310.

4 H o> 5 R IR
T B PSR (R R[], RS20, 2011, 44(12):
1043-1049.

WU Yiquan, JI Shouxin, WU Shihua, et al. Gray entropy
image thresholding based on 2-dimensional histogram ver-
tical and oblique segmentation[J]. Journal of Tianjin uni-
versity, 2011, 44(12): 1043-1049.

S, Se—4x, JREL, A5 TE B R o EI I AR
I B P PR SO D53k (0], Bl oRAR S AR B, 2015,
30(5): 982-992.

WU Shihua, WU Yiquan, ZHOU Jianjiang, et al. Segment-
ation method based on line intercept histogram reciprocal
cross entropy for medical image[J]. Journal of data acquisi-
tion and processing, 2015, 30(5): 982-992.

[23] R—4, e mitk. 3T HL M H 7 E M Arimoto /5

Arimoto JKEESH £ i R 7 HI[].
2016, 32(1): 164-169.
WU Yiquan, LONG Yunlin. Food image segmentation

AR MR,

based on line intercept histogram Arimoto entropy or Ar-
imoto gray entropy[J]. Modern food science and techno-
logy, 2016, 32(1): 164-169.

1EE &I

SV, 2, WP, R
FT G, RRFARIB X ZE
%O

R, B B, ARSI, 1
+, Igﬁﬁﬁﬁﬁﬂﬂ@%lﬂ 5450Hr .
HArkr i 533050 B Refs B, &
FHARIB L 280 /Tx‘ﬁ%‘o

JHERYT, B, Bz, A S, 1
+, BT I7 10 F IS BARRRE T
FRAERE S5 BAR N WL FF R
45 .DSP A,



