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Abstract The existing region growing algorithms do not take into account the direction of the nearest neighbor rela-
tions, which results in frequent rebuilt of the neighbor relations, In this paper,a fast algorithm for remote sensing image
segmentation was proposed based on nearest neighbor directed graph, First of all,a remote sensing image was segmen-
ted using the watershed algorithm, and then a nearest neighbor directed graph was established on the basis of the region
objects of the previous segmentation. In the region growing phrase, the adjacent region objects were merged along the
directed edges. When the first round is finished, the nearest neighbor directed graph should be rebuilt, and the second
round of region growing is initiated, This process repeats until the region number is no longer changed. This method a-
voids recalculating the neighbor relations whenever a merge happens, which reduces the computational complexity. The

experimental results show that the algorithm proposed in this paper is more reasonable, more efficient compared with
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the other three algorithms,

Keywords Remote sensing image segmentation, Nearest neighbor directed graph, Region growing

1 5|8

B
BRERSHEZRBROFTNBEPHRBERZ
— XA BRI B BEE 2 — 2 #HATE BRI BIRR A%
THERFEEREN. ¥ANIHNEETHAETRENE
B ETASKNNAESE ETXENEREY, ETRE
#4 E R E L B EA F R RE R E, EERERINEEAR
FRESSWERAEROXES , ETFASEUNEELR
FA ORI K E R SR E KA R EY ., ET
IR B RA AR EREE T AR A . KR
ERBEREANETXBWAREEZ —, KEERKER
32 X S AR B B AR DL R » IS — Xt R FF 4R » H A S E TR SR o
KAEFBUMKMRPHABSHK, EREATUGHFHIR
Fik o FEBA SERAAR DIF AR, KA KT UUBRAE
BAEIOYERE, 2% AR B R E i ERCY

R A . 2012-12-11 K45 HH#Y:2013-03-28

EER, BB SANHESIABRSHE LS, B
AREE X BN R R 5L 4B B (Nearest Neighbor
Graph, NNG) Y, # X 3 48 # B (Region Adjacent Graph,
RAG B A FIH X R 43, Haris K R &
RBAEE B AT B REERE NNG F B 4HRAMBE/DAHIR
B, T EE NNG, BEEAHAEESIRE,. HE
BNERESHRM R TACRENBEEL L, Adams R &
BE THFYEHOMS, ER#AFRANT BT A
K, FRAGHMH FRAAK SEREH. BEE2AFHF
KRB A RER TR FRAEH, EEELE P,
REREEFFHFARSEXR, YA TFRAAREHE
—BE&HNEERIE. THESRHTHIPEREEGES. &
— A HBEH D, WINF BN F LRMBE S HEHER
T—AFTF A, 83 EHH A RTE KGR NNG #, %
FRAEM T S AHEERBIER NNG BE2H NNG,RAEE

AXZERHRBFES (10906094 %8 .

BEE979—~), B, 8-, BIEES , Wb B0, BRI LB E B RBE B R4 M, E-mail: cuibinge@yahoo, com, cn; B4 (1987—),

B, W4, TERRH NSRS T E B E .
« 274 -



WER FEE A, HESHA WA BAERHE— 58It
BHLIE.

R EEREA % A B P i 18 (AR, BIA BR
HERENREEBRRNA M. A, FHBEHEZ,
BZHBEESA—ER T, BN, 2B 8RB 8k
BRVBBETET R S HIE SETUS G R, LR
Ak, EEERASEERBRAGHBEESTA,E
REBREFLEENNGH, AW GHEERRKSE. £5E
W, & SCIRH T —FETBIERA M 5B R E R R
SBEL  ZHEERERITMXRE NNG HHART T
9,78 B 5 It 48 & 1 B (Nearest Neighbor Direct Graph,
NNDG), HIFHCAME T XSRS HT M, ERERE
R HBERLRREXNRMELESH BETREERR
ESPAE EE, REERA NSRBI —5 /I HT IR
BAAEEAT, BWRE T X RS IHFHE.

ARSCH SR T B A4 B NNDG 83 A8 &, 365t
NNDG ¥ BEEMAT TR REHAR T RBEMNRHE
AN, FEMER FRE T BIESE B4R, ES—
MEBFN T RBENREHHEELE. BE,FH— B
B RERNEE L EENN 4 FERHT T o8%E
053 BB TR T T ROR HL T

2 BENEEESERZEREE

2.1 EXBEEEN

EX 1(EBIED 486 RAEBIMERXE, YR
MAXIAIEER R 2 RETWELUT 5 MemiE=+
%(?gﬁ)Rl »Re ’"'9RnD] :

» URi=R;

(Z)Xiﬁﬁﬁ% z %ﬂ] ’i?ﬁ]’v;ﬁ R; ﬂR,-:(Z);

GXt i=1,2,+,n,5 P(R;)=true;

WXt i+%5,8 P(R: UR;) =false;

(BIXF i=1,2,,n,R; REEH XK.
o PRONEATHAES R huRm:EHEIEHE, kg
RAEMRL O RRE=K.

B X 2(NNDG L4 iE> NNDG A —Z5C
AR

NNDG=(V,VR) €9
Kb, VEHEKBENZHBROBEES, V= {u|0<i<m,
m=0}, Forpt m X RAHG VR BFTA B TR v BTUR
Vadj H‘Jﬁﬁl‘ﬂlﬂﬁi%%%"/R: {<'U’ Uadj b l Uy Uadj €V} vﬁq:'
vt T v F BTN

%)‘Uﬁlﬁ]ﬁl(v, Uadj >B¢Jﬂﬁ H(‘(/, Uadj )jjzﬁx'_fﬁ v W
vagj Z I8 TS R

XX R A ISR, XEMRZ A X R BT,
At NNDG By 254 3+ 8 R B 52 1), T R A 72 — 2 i A A A
Bl. EXHANKRSBES T E M RFENE T X
NNDG g4 fr .

Y 3(NNDG B[] 31 Swwoc)
1 NNDG 4 1, :

Swoe ={NNDGr, | T: € T) @
A, T={T; FTo=[t: s t:11) , O, n 20} ,n NNDG

i — R I A R s ) Bt

YR, Ti BRHE SEE B NNDGr AP THRUE-E FEIRSE .

Bt IR K ERE TR ETRAOEE, BT
NNDG H A TUR R AT BER — B IE 48 » B e BT TR Y i
B LA d BRS04 87 DS TR BOR # €
9, AR

d,= InDegree(v) 3
EX AT HEED
Vo= {v|d, =0&Circle(v, vy ) =false, Y vEV} @

A,V BT EMAE do. N 0,Circle(v, v Y RTAE v 5
Vagj TR T L B 5 ) 78 4R VAL 5 S AL AS A Y 1 4T 4 S M R T
B, Vo PHTLAERIFBAETB FHHRTL.
v={v|dy=N&Circle(v,vy; ) =false, ¥ v€V,N=>1}
)

TRHAE d, KTBEST LA HMHASELARH
BRER., Vv TAESFFBEPRFHETA.

View = {v| dy =NE&CircleCv, vg; ) =true, ¥ v€V,N=1}

)]

WEAE d, KTHREETF 1,3+ HAG 088 R E
B o Vi RBETSEAFBBEFE T PRITREERIA.
2.2 MERE

ETERESAMEMERERRESHEENEARDE
R A B IE A KIS B A B X B SR B B 4R 1)
& NNDG, 3R 4 NNDG 50 3 Z J81 4 1) 38 B 7 1) AT IO s 28
BRI ENEHER. 4 3BRB-MisEFR,
BRgn R T R GME RB R8I &M AW ER(EEESS
BAOWIEHM AT A. ZHLESHB-ENFHIRAE
Y3 EARSRAEST AL, SRR ZRIE I LR B A YAE. XM
AXMBRAREEH LA I HREBRNRZEH LR,
HE NNDG, REE N ER k%S, BEBREXBXNR
MR B U BRI,

Eat 2. 1798 L 4 WA, #E NNDG H A 3 #2358 i TH
Fo WBAERNAF T BB, 38 LT 3#E
A«

MU 1 vV REHABES v BEREETTAS
I PIRMER LR : (@) vy REEEFF W vy BIHFE vi (D)
Vadij WA Uadj ’ s v F 303 Vadj ’ o

A 2 v€Vn:oEXPETE, KA HREEL BT
FEFWHER: (v REEIH, R veV, RETANEH
B3R ; (D) v A FEE o, RBHHPEE vy BEHS
I D FRIE S

(D'Uadj *ﬁﬁ%’%‘ Vadj ﬁﬁ‘i o’ 5

Quu WEH Bl vy RV Hoyy BREMR., MRJE
v FARL IR AEHE I MBERER K v EH B va .

U 3 vE Vi MBI RE ve VN BB HEETA
EXRHAPER vy BWRE R, ARAHLIEEHAR, %
BEFBIR iv— 0y — v s IR v B EIHF
B v, WEBIT vy —>v AT LUE B vay; 5 v EL A3, BT
SR R (AR
2.3 BiEEREAHEE#A

H/iE 1 ET NNDG HBREGRRESBE S
WMAZYBRER R BB S

o 275



WS HERER R

R,

WERSREH LY R HRRE T REM S, H ROFR RO =
{RED,RED o+, RQ }, K no 2y ROBE R RBIMRANE. FIh
IS A’ i=0;

(DHHE RO FEANAREIRHERE RIS AR EBESE
#, # 8 NNDG;: , 37 NNDG BHE]JF31 Snvoc s

DOBHEHEE ROPHFA KBNS, ¥ FESREARBE 21
e X 4 AIBHEX S NNDG: RERBTARE RERE 2.2 ¥
P AR BEAT & I

DIFFHERER =i+, RSB R B R 0 R oy
=n;—1, HAEHEE RBNR NP RA L, HBSBRO
HAFIGER; FUEE SRR ;

(5)R'=R® = {R{Y ,R§P ,...,Rg) }s

E)¥ih R, LR,

2.4 EENREFHIRTH

THEEN LR ET NNDG KB RER S HE

EHPATERE . B 1 REBREREN KI5 5 A B

RX B RAMAAEE, fZE oK R4 Re

NNDG & FA 3 MARPH TR, KX EREBENEH

HBRAAREE. B 1EN Swe FHPHE -4

NNDG, #nf 2 ffi7n, & 1 2 NNDG, RS RWBEHTHE.

E1 REMNRSGEE

2 @A 1 FARRENSERE NNDG,
£1 REMREESIR

R ¥ WA WEHS
gy DRWER ons %3 maswE
1 2,3 2 Vo H<S
2 1,3,5 5 VN H>S
3 1,2,4,5 5 Vo H<S
4 3,5,6 5 A% H<S
5 2,3,4,6,7,8 7 VN H<S
6 4,5,7,9 4 Vo H<S
7 5,6,8,9,10,11 9 Vieop H<S
8 5,7,11 11 Vo H<S
9 6,7,10 7 Vioop H<S
10 7,9,11 7 VN H>S
11 7,8,10 10 VN H<S
KRG HIBBRMT .

A 1 HEFBRRN1->2->5—>T—->9—->7,
1243 HA,2)<<S,% 2 33 125 §3F: H(2,5>
S, A 1 AR L,

A 2 AR 2—>5—>T—>9—>7, 254
T 2/ 5 ELRAIN, Bt IR L.

« 276 o

TiA 3 MEHBE R 3—>5—>T7T—>9—>7, 3—5;
H(3,5)<<S,¥ 5 433 3;57, HG, D<S, ¥ 7 533 5,
BT 5 BHAIE 3, Bk 7 438 3;7>9: H(7,H<S,
F3H 9 5B 3. 97 HTF 7 M9IBLEAHT, 4 AR
Kik.

TS 4 MEHBBR 4—>5—>T—>9—>7, 45,
H4,5)<<S, ¥ 4 533 3;5~>7.5 M7 BELf I, 43
BRI,

TN 5 WS HBBRR 5—>7—>9—>7, 5~>7. i F5
M7 eLed, A& aBmalt.

TR 6 WEHBEBN 6—>4—>5—->T7—->9—>7,
6—4:H(6,0)<<S, ¥ 6 538 3;4>5:4 M5 B &453Hd. &
FABRIE.

TS 7 B HBEBRR T—>9—>7, T>9.THI9BEE
¥t BB,

& 8 WEHEARN 8—>11—->10—>7T—>9—>7,
8—>11: H(8,1D<S,% 11 £33 8;11>10: H(11,100<S,
10 43R 8;10—>7,. H(10,7)>S, T 8 St B& Ik,

A 9 AR R I—>7—>>9, 9>T.7THIBLE
b, A ELLE.

TS 10 EHEER 10—>7T—>9—>>7, 10—7:10
7 EERE I, BB AL.

W& 1l WEHBERII->10—>7T—>9—>7,
11>10:11 f1 10 EL /o, S F A BE L. 2, F—%
BHER.

B-REHERENKBINREFH RS, S WNE 3 P
B o

N

B3 H—RENEEXNRTRRR

B-REFEMT 3 MXEMER, EMNZRBH LR
TETE. EB5H NNDG, Il 4 fix.

O——O

B4 NNDG ~EBH
B_RAIH:
FEH#GE 88, B RAIHEHBRENR M
58 CREFINHREN RS BN HARE
SR, SR,

3 XBEEHERSW

3.1 HERESXRESR

IR B B % R R AR A B O RO ABUR , A 0T
TITER., THRBWEMFRNY 0. 88 KM= BRAR,
R~} % 1400 % 900, i/ 5 iR . AXE—LRF &R Win-
dows XP sp3 #ER S, R4 ECE N 2. 0OGHz X CPU, 2GB
WHE. AXRBHBEEURI LEEHRE Visual Studio
2010 R C++HEE L.






[4] Priya G G L,Domnic S. Edge Strength Extraction using Orthog-
onal Vectors for Shot Boundary Detection [ J]. Procedia Tech-
nology,2012,6:247-254

[5] Kang C-C, Wang W-J, Kang C-H. Image segmentation with
complicated background by using seeded region growing[J].
AEU-International Journal of Electronics and Communications,
2012,66(9):767-771

[6] Haris K, Efstratiadis S N, Maglaveras N, et al, Hybrid Image
Segmentation Using Watersheds and Fast Region Merging[J].
IEEE Transaction on Image Processing,1998,7(12):1684-1699

[7] Adams R, Bischof L. Seeded Region Growing [J]. IEEE Tran-
sactions on Pattern Analysis and Machine Intelligence, 1994,16

(6):641- 647

(81 wHl, THW, %KH % HiEBRBTEESNEHERRY
Bk 5 B AT ], HpER1E BRHE22], 2010,12(2) : 261-268

[9] Ding Jun-di, Ma Ru-ning, Chen Song-can,et al. A Fast Directed
Tree Based Neighborhood Clustering Algorithm for Image Seg-
mentation[ ] ]. Lecture Notes in Computer Science, 2006, 4233,
369-378

(101 Aradjo A R F,Costa D C, Local adaptive receptive field self-or-
ganizing map for image color segmentation[J ], Image and Vision
Computing, 2009,27(9):1229-1239

(11] #E8E, % MR AR PR RERERRID]. L.+
B L2 BE A 9T A B 5 2003

(LB 251 ®)
REHE SVM, Kalman AL T 6. 91% F1 4. 26%0; B ik
B B T o , 2 A P A A X R 22 43 B . SVML, Kalman #8
RT 10.10%0%0 7. 87% s W3k 3 AT AF 2, 3 RFHIMI Jr s 19
WERKHETE0.90 UL, HAATN FEMIEREIET
HAPR L BOAE R

AN A SORME A T F ¥ 5 CamL 1 R I ET
K TR BT 4 346 T 3, S0P R A KR 10 SR 45
2006 SEAEMBEAE, S EMM 5430 2012 FEHE—B,
P T 20071 A1 BRI A 5 B S RNRERE.
F 4 ILF T CROI8] SR H B X SR, FT LU H, 43
RHOH ST BERAE 2R ETW S, HET KL
RERET 11 4%, AR B BB b, REEKT
17. 98% B I, A SCHR Y A A TR T B B AW RN,

F4 XR18IET KESH B SA&THAE TN BREN T

WA AR xe[I8]HMAFE FXFAFE BERER
ARG EMMEE 14.86% 13.16% 11.44%
8 Ve B B AR 2R % 9.29% 7.62% 17.98%

SRIE ARSI T 2 A R i B B R A
— B A SCHR B & TRIMEE A B 708 B Mo 0 IR X 3 — B
BARR AR A B T . HBAMAER Bl E
JUAS B B B SR 5 BT T vk TR 2 ) iR 22 O
R ARR R BB E R, R PSE T Bk R B 7 X
HER TARSAA BB A S, B BB WU REHITR
PERLRIAR A BT T AR B BT (5 AR T A A O o B
. BSh, SREHMBILS FRERBEFHTENESREE
TEMNBERMANEE, WRELE T H LN BENHER
. XREN, A ATEMERS AWE REEHE. /£
ET -2 EETARE 76 55 TP 69 HERE L K 4 5 A
BAZAREARR LS ST L, hETHNH RMRLER
HER55 .

s £ X #®

(1] BRHE, e, PR BE. EBRNE B SEB TR BN ER T R
REFIM]. JbE . A2 AR, 2011

(2] #0E, S 358 REETNER S EIML L. B
A, 2009

« 278 -

(3] K3, 3kET Ee @M MM AR T]. §3hkigR, 2012
(6):84-87

[4] BRfER, BWEE,XEK, & ETHBERAKKNES TR
BRI ], BRI, 2006,9(2):1-8

[5] FhaRar, vhgbar. BT HXRBIMBULAESH & TIRA K
L] ARG TRBIL 5LER, 2009,29(9) :84-91

(61 =k, A%, SHA4E, 4. BT ST m B YL E RALA st E
(V1. KTk K323, 2008, 27(2) : 73-76

07] #&ME, 4300, 85K, % S SERERRA S MM EN
BRrs (1], R, 2007,25(11) . 1672-1678

(8] kA, k&) ¥%, ¥ BRXIRNFEBEA ST REFEY
RLALT]. RE TR 5KER,2012,32(3):568-573

[97 Wu Chun-hsin, Wei Chia-chen, Chang Ming-hua, et al. Travel
time prediction with support vector regression[J]. IEEE Tran-
saction on Intelligent Transportation systems,2004,5(12):276-
281

[10] Theja P V V K, Vanajakshi L. Short Term Prediction of Traffic
Parameters Using Support Vector Machines Technique[C] // E-
merging Trends in Engineering and Technology (ICETET),
2010 3rd International Conference on, Goa, India, 2010:70-75

[11] 23, FHIB kB4, S BT RHFHEBRITERNF-R/RE R
P EC /2008 S ujE B GRS B UR. 2008:
1-6

[12] Chang Ming-wei, Lin Chi-hjen. Leave-one-out Bounds for Sup-
port Vector Regression Model Selection{ J]. Neural Computa-
tion, 2005,17(5) : 1188-1222

[137 Kim K J. Financial Time Series Forecasting Using Support Vec-
tor Machines| J . Neurocomputing, 2003,55(3) : 307-319

[14] Kalman R. A new approach to linear filtering and prediction
problems[ J]. Journal of Basic Engineering,1960,82(01);35-46

[15] Mtk % E K3, 4. RRSBENMEIT b % RN A
(1], BS54 ,1999,12(3) . 63-67

[16] BT, £, 8% . % ETXHABIrENENZERET
W] HMREPEIR  TEHR  2006,36(6) : 881-884

[17] TEIL, E5E, LA, 4. Er iR aE R4 Ra R
REA] RETREILHEE, 2011,31(3):561-568

[18] 3k¥E, b4, WM, % 2T K SRS HRIENENZER
T 0] FETBREE 5%, 2010,30(2) : 376-384



