B42 & H A
2017 4F 4 A

ROk ¥R - BB R

Geomatics and Information Science of Wuhan University

Vol.42 No.4
Apr. 2017

2

DOI;: 10.13203/j. whugis20150097

XEHS.1671-8860(2017)04-0449-07

&5 6 1% RSBy 5 43 A4 T el 1% 23 Ak 0 43341

KA

KR

1 W5 b, AT, 102249
2 MWFHEfE TR IR ME 264001

O OEANEARGSANRAAAEEES SRR S E fe D G AL RN B, B — A ik R
JE e B IR AT B0 R AR K S B Sk . B R o R SR BB S 09 S R R e SUEE M R, 3R R — AP BB WA R
WA ERBAR PR ENEANLCERT AN TRRE RS AR EEL Y TEEF .S
A 3R B Ao Gabor LB AFIEE G BAT FRAE A M2 %ML T RALEN ERLEHIE., REHA
HBEFWIKT FRTRERES MEAS KL ERSEARLE., AZRHGrHEHECERBRBBERITER,
3t X5 JSEG(Joint Systems Engineering Group) 4= 4 - # £ 5 2| F ik #ti7R  E R AW ZFT EF L AR SHH A

R, R ERT I SEH R AL,

KGR & B AR 5 3] W 9% 0 ; Gabor 989K s 4 5 K T B A F WK

HEES LS P237 XERIRERAD A

1o 03 PR A T R P R RE 8 B A A b T ) A
2T AE 3 T [ R DX e Y R O R 22 L O
LR 2R SO R L PN A RS A AR
Moo AR BN T 3 SR PRI A 0 0 T X
UTAE R, 15 o3 B AT IR P AR R Ak T T 1)
BT 42 /) /A% 4 #1 (geographic object-oriented
image analysis, GEOBIA) i %, & Jc¥ K 1% 4
A AN T S Y DX PR R R X B A
MU E T J5 SEFRE SR ORI 4y 5 . S T
ARG AR B T AR 3 7 s 4T TE GEO-
BIA W £ X F £ 43 $ X 43 #| (multi-resolution
segmentation, MS) 5 i, AR i &2 —Fh 25 &
JEXT GO AR TG (5 B XA K vk . X Fhy
P B SR R AR OC, T 2R R E S LA ik
PRI By B R B % RS R e LA )
TR B X R A

PR o3 &0 1 BAE 7 vk 2 B N R R 48
(human vision system, HVS) XF & 1% i) f# 15 o
LG8 EA MM R i % DGR 8
PR3 (8] ¢ A Jm M55 L 8 R 201 o 5 B 52 W 4k
AR R AN BB 1 X, il A Bk 2 T i
R HVS RGN KR AE B2, 2 — 4 ik
FEOT TSR IR, S T B e o3 P R 1R IR KR 0 )

s HHE:.2015-07-21
GIE&B . 2 0% % TR LI (1s201511020) ,

FE—1EE AT P, BN R R AL A R G HARDER .

BIRESE KRR #% . lamzlm@163.com.

R IR AR B A L 4 /i i 7F 50 3O 220K
e 2 g {5 B AR oy Bk B 4n i AL
F R X R G IFRORY R %[5 Bt AT
PAwiN g o1 B R o L S S U Y SRR
PR S BARAE LR O 1 15 B A TR G 4 A R s A
DB A IR A I A AL GE it LA R E 4
SR FEIPTMRERE T AF L TR A BRI B R R
HR R 8 W AR 18] BE A7 DI 3% 5t B 22 S 7 AR A 10 LA
LU B 27 B AU By A G R 0
A B BN 5 LTRSS AR 4 B i
Il 73 BB G M A B AN IR L AR SCRIE 5T Y
B A R AR MR S E ) B R W [ A AL
HVS 24009 B M 2 B F IS5 23 5 32 Ok
TSR L AR BRSO B 7R A3 K I T A 4 Ty 1k 1
fil 5 BN 7o o A AR 7

3 KU AR 4 T 1 1 S B R AR AT ME B B0 A
S 7 A a3 G R T I A S NSRS L AR S
3 991 i B SR AR ) U % 5 R B R S BB
RGNS TR R A R R . o T35
D TE B A5 L A SCHR ) — i BT A9 3 T 00 I8
14 FGF- 98 B0% S BE A8 AT 280 DB AR 121 5% 14y 280 2L 0 e
PG IF RS R E P A &b B b i B SO i B
RN o AR SCHY BT P A T 308 Jk — iR £19 08 0 45 45

changjianting@ hotmail.com



450 RN PN S5 3

R =l 2017 4E 4 F

AR 18 R PRIR R B0 OG  5iR BRSO A R 20 ) B
H R B e R R BB A R 3 K 0 A O R
PR AR SRS B PR 23 0 XORE AT AR G A
L HVS X BRI i i i . BORBERLa R 1
N

/  mnpEmpeasEg [/
!

| RoBf#ELabmiazEn |

[
'
KU L/&EﬁGabowlﬁ

TS fiE fit
I

Bl Sobelil %
el Sl 5y

!
Kt Yz
/ L] / I E /
]

| mz " |
!

l H-minimaZ}y 7K 0% 48 i |
!

/  EmEgsRsRE  /

f—

Bl HARBEEKE
Fig.1 Flowchart of Proposed Method

1 BB EERE

NG ARFET- T B AR AE T KR AR R
HMEG T EE RGN X R EAARLREY
B AR i S5 AGH R B RS, X =R R
e [F] f fR B R R AS B 2 BB T I Z 4E oK
B, TP AR 5k B T 3 AR i AU o AR
SR AR 1E S5 HE DL E L B B T IR, T
XU 7 e AN i R AR, % HER X B T
AT MR 1 . 3 IR SCI B E 7 oK B
B A LR PR RE 8 25 R R A, Ao 221 T S DX
1.1 BEREBHSEITER

MGETH o B 18 1 B B BT LU AR & A 1
7 I 53 B BRI T G AR R S5 6 (8 VR 2 ) i
FHRSAEE 1 031 79 53 A BT s A 2 4R 31— i B

IR ERER AL E (D He/)
mmE(I)—mmZEw(p*s)p(I I .0)
sel /)67]

(@)
K.y, IR E s AP 0 (o) J& 53 8] 1 B AUE
PREL o S T RES G e (o) BIRZERE. HoK
D) A, R 2R W6 BT [ 5 vk, a5 3

A
=1 +—Zw(p — )¢, —I'6) (2)

SPEs

o, S BREL ¢ (a0) =p' (2) 50 Fom BBk AR i
], X (2 HARLMY B B FRommE. #
JEE T I T 0 1) R o WA S 1
R TR SR ot i b A 3R A e e S B
T figt  0F 30 (2) SR T8 IR EO 0, BETIAS B A
IIMBEAE M B AR () =g () , AT LIS 3],
Dwp—s)g, — 1)1,

[ =" (3
Dlwp—s)1g, —1I'0)

PE s

2 (3) 5 Bk e s A A A 1 R s B 2L, f =
(2O AT H ALY B S XGh g 7 A
A g Bl . Pt , —SeAE AR PR O Y
PG - i el itk 3k [R) A ] DA LA 381803 10 8
T A o RO S 80 g B 45, AR SE L
VW TT A IE A H R B SR AT S R
THBR . X 2 1 T H A 52 i R 5 </)(x)j~7
Gauss PREL, A H AR EE ;5 W] I R — i P 0 RO
TE SU P B M A A A ) 20 by R 2R T, e B A
B[ DX I Jry P 68 J3E 22 S M o XA P T FE p
LA &

1.2 IR R m R E 1k

S PR @ (o) T 6 A SR R 2 ) Y 22 S O
HHEP MR RREH . 25 EA Lorentzian p
B . Gauss %X . Tukey’s biweight BREU A Huber
BRIEL 4 T pR A, T 2 S 4 Rl o ek S 4G
KL 2 H— P ERESH 6=0.2,

Huber
N %Lorentzian

2 A Fhi2 i R B £k

Fig.2 Curves of Four Influence Funtions

£ 2 7, Huber, Lorenzian 1 Gauss P %X
SR N G A E RS E AR, T Turkey” s bi-
weight bR 2 A B B9 T [ O 7 22 S (Y
JE) — s fE IS 1P A S Y I S R R
AHHE HC Al = Fb R K BE AR T, X BLCR
Tukey’s biweight pPREACE FALTI th ) Gauss 5
M) R, R IR AN

z[1— (/o). |z|<o

) = 4
¢(x) 0, ol (4



5542 B 4 )

T HE A L 25 5 i S Y R ) R R R 43 K I 43 451

Tukey’s biweight PR KT I B9 152 22 PREL o J2
FE 1 R K, KRR UE S A A O Jm B AR /M L SR SR A
A JR e A f . 51 A8 HEHE ™ 4B (gradual non-
convexity, GNCO™ J5 ik, 1] LUK AE ™ A 4k 1] i
FEAL Ry — ZR B A atl R BSOR A 1)

RSB GNC J5 ik A SCR F— 2 ik 3 {8
Tk A= EWMS Iy k=0, -,
N 1546 E v 2% R, A5k 5 m
oy (xs0) F i pREL
A—[1—(x/7)*T)/3, |z|<vs

1/3. Hoftb

(5

A 2 C3) Y R BT PR B OB Y g, (e v0) s
A LAAS BB A DUL ISP, g, (2 ,0) RARN
(o) = {[1 — (IO/’)’U) 12, xﬁ?myaw)

ZHCy TR RSN v B 1.l T GNC
TE 5 B /IMEL SR figf 3o 72 X5 2 B 3 3 A 0k
W v e AR T IR I IR R B L AH S B3 1,
Mg/, Ot 4 =D A8 BT R 1 4R

oy (xs0) :{

BOFH Ik
Y =y + )AL —7) k=0, N
D)
K,
(1—e")eN

1.3 BEFERESH
I RESE o 2 BE % ET T X
Gy WP R 31 S, SCHk [14 142 b 47 2504 X i 22
(median absolute deviation, MAD) & 7~ K& 1Y
SRR o, AVI=1,— 1, HHLBBZR R K
JEMER 22 W o, RN
o, =1.482 6MAD(VI) =1.482 6median; -
(| VI — median, (| VI]) |) (9
A MAD Jy 8§ 22 P A 808 7 5 median {5
¥ s median; F7R7E R MR FR DXCBUEAT (5.
SR 1 42 )Ry - RUBE S 5002 220 3 S PR 48 b IX 3 )
10 Jay 78 22 S 0 H 2 e SU B 5 R S0 3 A8 A i %
Ab o GNP 3 Cad A 2K AR S5 A AR B S0 i AL L A
3 AL LSRG REBE R T LLA %
FIR) 6 T2 B S AR T AR AR DBl P TR AR AR . N 2R
G b BE /N T 5 HORH 408 1) 50 DX el P R L G %%
NG RT3 T S0 B DR 23 1 5 PR S R AR Y
SRR R sl B ik — [
MAD 7R RUEE B 30 2 A6 S i AT U
TSR G b el T AU S e, AN RE AT S RSB AR

250 300 350 400

50 100 150 200
G EME

(b) F(a)H A BLLE N N G 1 5
3 Seikom i fE gu i 5 AR ar v AR Ak

Fig.3 Spectral Intensity Variation Across Texture

and Intensity Regions

A AR GV M R A 23 BT 1 pR K 0T HLRER
FRUBE IV > R A J52 B 3R 40 358 P K 22 B e B £ L
DI T~ RE 6% - ¥ S0 LI S8l IR IR R0 0635 ol BE 11 2%
R AN A—A n X BB T B SRl A
FE A R R RUBE , i T AL 210 2 % 2 08 AT 1R
V724 25 PN () 38 B PR 22 ) i AR B B2 ), [
B3 BB AR B I B RN AL E (2 )
AR . ASCRIM AR RE o, 780

ol (x,y) =

max(o';’f smedian |, /o)<, j<(a/2) (2 I vim | ))

(10)
AXom =123 KBGO Br. 167 id R
a3 S 08 B 3 ANl Be BE AT S 3 T (LR AR
5 o B RAAIE N 1 PR GEAR S0 B X i e P
L RE A5 4 B A RCF 1

2 BRERE S KIR T E

2.1 HEFRRER

T A BRI R G D T 5 B AR BRSO AR
SN N PR B R a3 A A L 0 i 4R R R
PG 14 5 13 5 B £ S5 T LA XS 0 e~ ¥ s ) 1
B AR R, AR5 MR (4 B S I 71 15
FIRBR AR IR . PR SRS B H Gabor
UE LA AR (A 5 1 L il 3R A

Gabor 3§ I v 21 & — Fh 22 38 186 98 B A L BE
i 5 I PR AR v AN ) RUBE AN [ 5 o) A S0 A L
S [ F , Gabor bR 283 e M 141 1 B9 1F
s, b THRICSCH RE AR R IR AR ALY
SIEAREOT CHE W 7 bR A



5 BBl 2 R 2017 4 4 B

452 KRR
hx,y) = {—1[1"2+y'2]}
R 2n6 .0, exp 2 ol o
1
cos(2m 71:,,) (@R

T NS00 K 5T 20 L EL A 1A AR ) AR
M 1o L /6 0 A SE T v 43 B R R TR I L
LI MR P 3 v AR v 7 e A X R O AR SO T
P F AL HT = A AR A =1{272 .42 .82},
VWA TN 0={0,%/6.7/3,7,%/2,5%/6}, N
Tz ERR, Gabor JE I 24 5 KE 1) EH
TEAS SCrb i o 2 (] i) T A0 ke T 530, BT B I A
1 25 (0] 38 58 BE A 60, 3K HF AT DL AR 35 U8 U pR 2K
99.7 Yo WA R IX I8k . Gabor I8 )% #% BY B 4 b 25
RNIE G AT SO AR BE By 4 L, 32 SR P Dy ax gk
SRR ERAFAE M GR AN 5 7 A 2R L e s
MBS LG A G AR BRI, St (i T A S
& L0 Y R0 0 I T 1 MR URORE A& AN RUE Ry [l 1Y)
Gabor S BRI QAT -3, 7 1 Ak S 19 20
FRRFAE AR A5 3] B 2 0 S0 e & 18, 2 05 A
Sobel 5 3R A5 SO R IS
22 HEBRSHSKIESE

Sk B A B 1] Be 08 o 0 4 0 AR Y il % .
B2 BB Sy —Fh 23 6] 45 48 RRAE A AN e 1k
ME LI ERR KR R 1 30 S . A TRT BB G5 ik 2 A
JEFNSCAS BEEAR N, 25 S B N EAN . X
— ], AR SR SCHR 18 JH R JE 25 2 g K O i X
SRR G AT AR B L SR 5 5 6T otk BE 6 B AT
G, TR e T B3 BE A Y 1 Al
T {6l 143 7K U 78 46 53 0 g ok A e, SR 0 R A R
LA E [ IS T 43 7K 2 AT DA A3 B 33 o i
NG s RN AR 50 BE BB BE , ) 43 7K 2 23 5 o7 3 I
M ET RSO 2R AL . BRI B B FE NG, B
BB NG, WG BI R ARIR G G Rmh .

G ] G, ]
Glaryy = iy | Glasy) g,

median(G;)  median(G,)

TEAFBNRG AR G Ja , Al LU 43 K 06 72 46
1) 77 AT B B 0 oy 25 . 8 T 2 K s
Tk A B Ty SR a2 FIROR L O B 1R R
A DR Y DX IO /N A S TR B B T X
SE /MEFT B T AR I B AT SR TG 1k A X
LG . A& 3CRH H-minima #5104 7K 06 48 40
Ti AT R 43 B Gl B B h R D
3 7KW 53 0 7 A R TUAR X

3 XBERSHH

(A S5 1 08 22 R oo 70 B 3R (0 1 SRR AT 4R

HEAT 53 S5, 359 8 A5 1) 45 S L BB 3 iR L
AR EER  STE A SO B A R — i E
18 T 360 UEAS S 33035 1 v ) o R RN 45 2L 5 e
iR R TRk .
3.1 RXAEMER

AR SCBEBE I 5 0 B (00 B UG B ok 55
{9 227 FEL 0 0 LT X3 A e — 35 4L 4 HE RO
0.32 m, 51k 800 8 E X600 8% . B HFA
AT K2 B RUK AR S . AR AR SO Y
D7 B AR BU U U - v RUBE L A5 B 1Y SRy
REE A& 4 () iR 5 3 A0 B 4 Jay ROBE 425X (9)
HE oN[7.78, 2.35, 3.67], MK 4Ca) R UFE
R A SO R RURE T 53 5 0 AE 0 B DX R i A
K AE GG B 2 5 DX 3 R B (B /0N L 3k B RE 15 A 5%
ep AV 30 B DX 35 1 s 3 i), - 1 S0 DX

X R HEAT 43 /K W6 43, 58— >R HIAR /ME 1)
il A 2 =0.015, Rifs 3 i 1) 2 [ 30 il A5 Al K/
Wh 9, T R R B GE T 0 K/ 15, %
853 S FH O 58k 8 6 B L S B B L TR B
FESEAT 5B AL BE 5 M A B RN T A 8 B0 =
XTS5 R AT AT .

B4 = FBs R e &g R, B/ 4 (b
hy 2 1k WU U ST U S A F 00 B R RS L W S RN
SUERAS BT A A5 BDOG RS R EER . rHI g
R 4 D P, Bl AR SUE O 7 K 2 55
4 31 A5 B0 A 8053 B 0 N E AR 5 T AR SO X
B AR R A AN REA . B4 (o R
BRI E SR . B 4 () NTESCHLEL
BE LS K0 4y, L 4 ] LLE .
SUHR 1 S5 R A E R R S T S R A
PRX SRS 25, B 4 () LT sm i B i F
SCPRAR B A5 B0 A TR A B B R 2 i R i
I3 KU 7S B AT B (1 43 B 25 LS A T 6 o B B
TSRS BE 04 P A5 X 9 A 1 i % 1R A B A 2R
I a4 (R, BB AR T FORH— R s (5 B
FR A B85 43 8 5 1

1WA T SR O R W R R A
K SCHR [3 148 H B9 GS(global scare) 5 B} 4>
ENE R ATIEM . GS 8B e T X 42 S 34 S
PR G2 8] 53 005 P L 9% ()N 3% G ) 4 R
G R LA AT DLE Y, = RO ik 7= A 1 R 8K

1 ZHBEESBNER

Tab.1 Segmentation Results of the Three Gradients

G B LUHR R B A B B
POE X148 476 543 560
GS 85 0.852 0.731 0.671




5542 B 4 )

T HE A L 25 5 i S Y R ) R R R 43 K I 43 453

EEITE 500 724 . GS 45 KR WHR &5 46 B 78 73 1
ZEIR AT — e A L DI AR SCH IR RE K U

ol R JE A R R 5, BE B8 ME 1 5 o 20 B IX i
ST 5 B DX A S

(@) BEHEE

A

(2) BCEBL 7> &1 (h) & o3H

Bl 4 ASCTr iy B4 R
Fig.4 Results of Proposed Segmentation Method

AR STy 1 AR 8 43 K W 7 s 1 ik o TR RE
R H-minima b5 ic 43 7K 06 J7 2%, B 4% MRS
TR R FHOR G beh B B 115 30 B B TR R AT 0 B R
WmE s BiR,

Lo ST
(a) h=0.015, 3 200%f %

5 AEGLAY KNG Tk g
Fig.5 Results of Traditional Watershed Transform

(b) h=0.038, 560 %

K5 al LLFE R B AR 2 {A B, B 5
() FEAE 3 o BB G s i Y4 HIXT A0S
Bl 4 (oA &5 (b) Hag X RO 3% 2 57 K
)R O A5 HE AT 23 31 X A A BT b 55 2
B RN RE 1 W 1% 8 43 K I 5 v A Ak 2
7 I S0 DS D T RRCR 22 T AR SO 5 125 mT LLHR
A ROCR
32 EfRgmENLERMSN

W A SCT5 vk A G2 05 ¥ AT X LG L T A 52
BB 4045 : O3 San Diego iR IX, 23 HE% Ny
0.3 m, lHIX B Ry 512 (R FH X512 8 K, Fr il 2
itk o B A5 B 3 @ 7 2 ) Hoenggerberg
YRIX 73 HEAR0.07 m, IR XS R 800 1R R
X600 18R, FF A B R, SUHLE B B E
JSEG Jy ik & TH AL 5 45 35 28 e 1) R 0 LR
#2257 BE % 3 H] (multiresolution seg-
mentation, MS) J7 {2 i 24 Hij I [7] X 42 (14 & 45 53 B

T3 A8 T e o gl 1 B R P AR TRy ) O i A
eCognition 3 {4 K [E P 4 3 B4 38 ) 3z v .
TR AR SO S X WA 5 B AT A R R

A3 M = b 2 6 7 R R AR R AT 4
H 43 0 S H L A A R R g B X
5 F13h R4y 1 # (boundary recall, BR)™ 3 i
Ji ko N h S S ERYE . SRR R T
N LA E 4558 BR A 8w, o0 #I RO B, il

& ﬁégg&ﬁjﬁa
5 S

<q
‘gi“s‘v

VL S
(b) MS, 5
aﬁgﬁQﬂﬁ

S S
IR P P RS
V2 M S0 ST
v/ ’#‘, -.l | \~ 7
@ SEN7e7 r NANT
s .“‘ 4’ $) l‘_"s. N
| Rue & S AN
5 IS
- ‘l."'.".' Q\A‘ Ay
13 .49_,0,. ’\“!’&Q 2 /’*"
KNSRI s
o2 LSS \Qb,;..‘_‘ia:
R Tl o B AR
(d) JSEG, 500%

L

DAoL <
(e) AILT7i%, 250%F %
K6 =FJkAE SanDiego J& R X ) 43 # 45 7

Fig.6 Segmentation Results of the Three

Methods in Sandiego Residential Area



454 VO S o O

a5 BBl 2 | 2017 4 4 B

FHSCHERE3 T H2 M 19 GS F5 A5 % R Y 2 4331 F K
Gy FVHEATPEAN S A8 A (8 AR 0 B 2ok 43810 5 R 4
N R /N S G SOR B GT

6 Sy =Fh 5 ¥ 43 i A2 1 250 F 500 4> 43
IO ZO R s #4528, B 6 hal LLFE . £
Gy PRI R AR MW N G AL 7 A i 3 ) JSEG
D5 VAR RGN 43 8 DX e 2 7E A 808 X80 A i
O3 FVIGE s AR SO VR AE 3 50 X 300G T, 25 34 &
X 3k A a0 E) . NFE 2 BIIEM 8 bR AT DL L A
SOOI A v R B T MS A JSEG
25 Bk 43 F1 R0 R 43 BR800 7E = Fh 7 Bk v e A1k

% 2 SanDiego B R X 4 27 M 545
Tab.2 Evaluation Index for Segmentation Results

of the Sandiego Residential Aera

- MS JSEG A3
X 35k A
BR GS BR GS BR GS
250  0.837  0.803  0.744  0.785  0.852  0.762
500 0.923  0.834  0.816  0.821  0.941  0.809

P 7 i e SR AR B R B T e Y
2T oA 4y O T S B E R L SR 3 Y
WM A5 AR T LLE H L ISEG 7 i 1 0 iy b R 4%
51 45 R 5 L BB JSEG 5 ¥ B 3dE A H
@SB AR . A B2 o F X R AR MS A
JSEG J7 319 0 ) %t G RORE o728 W 8 A1) 3t 49
o O A 08 1l 458 2 B R R X G5 9 U B T vk

—_ \e@y > o= \*V

| 4 ety
s
3 e (L
e -d 3R

e S Ny RS
{9 S

&8 <3 e

Vimvea: bt G S
YA 7 L 50
500 -, Ty 5‘!‘}5

oy o
s ¥ ‘ N, g
QAus? & O g o
TR R R C A LS, it T (]
g sl TN SGe gl TR
e of .‘4 m e SR S
(d) JSEG, 5005+ %

(D) AT, 500 S

(e) K Ik, 2504 &

Kl 7 =Fp 7 ¥7E Hoenggerberg I X 1 43 &1 45 5
Fig.7 Segmentation Results of the Three

Methods in Hoenggerberg Urban Area

S R AR A 5 T AR SCT7 78 U3 3 HION G800
RE A8 T8 5 350 2L b W) A w5 O 9/ 1 ROBERH S
5 HVS 43t B AR AT 5
% 3 Hoenggerberg 1 X 4 #1545
Tab.3 Evaluation Index for Segmentation Results

of the Hoenggerberg Residential Aera

MS JSEG A3
BR GS BR GS BR GS
250  0.876  0.963  0.883  0.816  0.879  0.757
500 0.930  0.978  0.932  0.911  0.951  0.846

IX 3 K

4 & iE

ASCHE T Rl X R A BERR 8 IR KR
(53 B 785 S 25 R i 43 B LR 0 o
SRMSHE LS HVS RS0 K40 i 72
ARG L 98/ T G 43 0 3 A8 v i RUBE RO e , 7 3
58 720 B o7 o f P ) I B D /0 TR 1 3 R
RATENVRN . A 307 36 48 Y 04 Bl 0 L300 16 Uik A
R, REAS AT X R 43 B R PR T 1) S0 B OR E 7S 3E £y
A R AL B,

B BRAZ DT 1 RE % 4 1 3 B LR Y BRI
RAT SR AEAE 5 28 Utk 22 b, 19 a0 B30k 1Y) 38 B
Z 3| Gabor SCHEHE I 5200, 40 o] $2 5 SCHELAE B
14 4 USR] [ 3 35 B 43 7K 0 43 0 11 X 8 4
T AT X A ) PG A D I A o 1T R L AR
2 T Lk S 9 5 i DR 1Y) 1) A

2 % X w

[1] LiD, Zhang G, Wu Z, et al. An Edge Embedded
Marker-based Watershed Algorithm for High Spa-
tial Resolution Remote Sensing Image Segmentation
[J]. Image Processing, IEEE Transactions on,
2010, 19(10): 2 781-2 787

[2] Benz U C, Hofmann P, Willhauck G, et al. Multi-
resolution, Object-oriented Fuzzy Analysis of Re-
mote Sensing Data for GIS-ready Information [J].
ISPRS Journal of Photogrammetry and Remote
Sensing s 2004, 58(3-4) . 239-258

[3] Johnson B, Xie Z. Unsupervised Image Segmenta-
tion Evaluation and Refinement Using a Multi-scale
Approach [J]. ISPRS Journal of Photogramme-
try and Remote Sensing » 2011, 66(4) . 473-483

[4] Beghdadi A, Larabi M C, Bouzerdoum A, et al. A
Survey of Perceptual Image Processing Methods

[J]. Signal Processing: Image Communication ,



5542 B 4 )

T HE A L 25 5 i S Y R ) R R R 43 K I 43

[5]

[6]

7]

(8]

[9]

(10]

[11]

(12]

2013, 28(8): 811-831

Tan Yumin, Huai Jianzhu, Tang Zhongshi. An Ob-
ject-oriented Remote Sensing Image Segmentation
Approach Based on Edge Detection [J]. Spectrosco-
py and Spectral Analysis, 2010, 30(6): 1 624-
1627 GREM, MAAE, B, —fmalsRE
S T 1) %o G 3B R RTR A O s [T . iR 50t
W4T, 2010, 30€6): 1 624-1 627)

Ilea D E, Whelan P F. Image Segmentation Based
on the Integration of Colour-texture Descriptors-A
Review [J]. Pattern Recognition, 2011, 44 (10):
2 479-2 501

Chen Qihao. Liu Xiuguo, Chen Qi. An Intergrated
Multi-Feature Segmentation Method of Polarimetric
SAR Images [J]. Geomatics and Information Sci-
ence of Wuhan University, 2014, 39(12). 1 419-
1424 (BRmds, XMERE, BRa. —Meia 2R
LMt SAR R H 5k [T]. RBUR%%4R - 5
BERH#ERR, 2014, 39(12): 1 419-1 420

Yin S J, Chen X L. Reducing Boundary Effects in
Image Texture Segmentation Using Weighted Semi-
variogram [ C]. GeoComputation, Ireland, 2007
Soille P. Morphological Image Analysis: Principles
and Applications [ M]. New York :Springer-verlag,
2003

Jain P, Tyagi V. A Survey of Edge-preserving Im-
age Denoising Methods [J]. Information Systems
Frontiers, 2014, 1-12

Rousseeuw P J, Leroy A M. Robust Regression and
Outlier Detection [M]. England: Wiley, 1987
Tsiotsios C, Petrou M. On the Choice of the Pa-
rameters for Anisotropic Diffusion in Image Pro-

cessing [J]. Pattern Recognition, 2013, 46 (5):

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

1 369-1 381

Nikolova M. Markovian Reconstruction Using a
GNC Approach [J]. Image Processing, IEEE
Transactions on, 1999, 8(9): 1 204-1 220

Black M J, Sapiro G, Marimont D H, et al. Robust
Anisotropic Diffusion [ J ]. Image Processing,
IEEE Transactions ons 1998, 7(3): 421-432

Liu Y, Goto S, lTkenaga T. A Robust Algorithm for
Text Detection in Color Images [ C]. Eighth Inter-
national Conference on Document Analysis and Rec-
ognition, Seoul,2005

Clausi D A, Jernigan M. Designing Gabor Filters
for Optimal Texture Separability [J]. Pattern Rec-
ognition , 2000, 33(11): 1 835-1 849

Nava R, Escalante-Ramirez B, Cristobal G. A Com-
parison Study of Gabor and Log-Gabor Wavelets for
Texture Segmentation [ C]J. International Symposi-
um on Image and Signal Processing and Analysis.
IEEE, Dubrovnik, 2011

Corcoran P, Winstanley A, Mooney P. Comple-
mentary Texture and Intensity Gradient Estimation
and Fusion for Watershed Segmentation [J]. Ma-
chine Vision and Applications, 2011, 22 (6):
1 027-1 045

Deng Y, Manjunath B. Unsupervised Segmentation
of Color-texture Regions in Images and Video []].
Pattern Analysis and Machine Intelligence , IEEE
Transactions on s 2001, 23(8): 800-810

Achanta R, Shaji A, Smith K, et al. SLIC Super-
to State-of-the-art Superpixel
Methods [J1. IEEE Transactions on Pattern Anal-
2012, 34 (11):

pixels Compared

ysis and Machine Intelligence ,

2 274-2 282

A Watershed Algorithm Combining Spectral and Texture Information for

High Resolution Remote Sensing Image Segmentation

ZHANG Jianting'

ZHANG Limin®
1 Navy Armament Academy, Beijing 102249, China

2 Naval Aeronautical and Astronautical University, Yantai 264001, China

Abstract: High resolution remote sensing image segmentation methods that consider only the spectral

information in the region growing process often lead to over segmentation and low boundary precision.

To overcome that, a watershed transform algorithm which combines spectral information and texture

information is proposed. At first, the spectral intensity gradient and the texture gradient have to be

extracted from the input image. For that purpose, a new bilateral filtering model is introduced. This
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A Method of Image Texture Texton Classification with Markov Random Field

ZHENG Zhaobao' PAN Li' ZHENG Hong®*

1 School of Remote Sensing and Information Engineering, Wuhan University, Wuhan 430079, China

2 School of Electronic Information, Wuhan University, Wuhan 430079, China

Abstract: In this article a new method based on MRF to classify image texture texton has been put for-
ward . The constraint relationship between the center pixel feature value and the neighbor pixels fea-
ture value in MRF can reflect the features of image texture texton as well as different MRF parame-
ters. Standard deviation based on the MRF parameter of the same category is the smallest. So we can
use this property to classify image texture. By comparing the different experimental scheme and differ-
ent classification method, we can come to the conclusion that the method of image texture element
classification proposed in this paper has certain advantages, and it is a good methold of image classifi-
cation.

Key words: image texture texton; Markov random field;image texture classification
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edge preserving algorithm can remove noise of images. Meanwhile, it can also remove texture from
images by using a local smoothing scale parameter. By adapting this filtering algorithm on the original
image and the Gabor texture feature images., the spectral information and texture information are ex-
tracted separately. Then with edge detection algorithm, the spectral intensity gradient and texture
gradient are obtained. Finally a gradient fusion strategy by morphological dilation and watershed
transform are performed in succession. Experiments are carried out on three high resolution color re-
mote sensing images. Compared with JSEG and multi-resolution segmentation methods, the proposed
method has a higher boundary precision and can reduce the over segmentation and under segmentation
effects.

Key words: remote sensing image segmentation; bilateral filtering; Gabor filter; gradient; watershed

transform; morphological dilation
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