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Abstract

algorithm was presented. The expectation-maximization (EM) method is a popular method to solve the Gaussian mix-

Gaussian mixture model terrain classification based on improved hybrid particle swarm optimization (PSO)

ture model, but it is a local optimization method with instable convergence rate and initial value sensitivity., Therefore
the hybrid PSO algorithm was introduced,and a series of improvement was conducted. Experimental results show that
the improved algorithm can greatly improve the global convergence ability and enhance the rate of convergence. Using
the improved algorithm to solve Gaussian mixture model can improve the accuracy of parameter estimation,and the pro-

posed terrain classification method also has excellent performance in the terrain classification experiment of outdoor

scene image,

Keywords Hybrid pso algorithm, Gaussian mixture model, EM algorithm, Terrain classification

1 5|7

ETHENPERANREEEE RSB AL 50
H R AAZOF S, M AL NERANRANEEART,. B
B 7EF AL 5 AR SC B0 B 3 K 40 Bt - 3 V0 S5 AN 6]
T AR 2R 5 R X AR HUE R S B E REPLAS A Reagnd
TR ERH R FIRE . BT LA, #hIB 43 25500 T4 B DL 3%
AREHFREE.Z2T Y EERTRMEEFEER
FRO

B H1iE & #81 (Gaussian mixture model, GMM) ¥k 3 —Fh
MBHSEIHER, CRFIR T AN ZHXE. EILE,
GMM 7ERR SR GEE T )2 i AR & B¢, Sck

[9, 10T BB 57 AR B 7R  GMM B H fth 4y 26 45 1A B 2L
THIFHY A MERE. TEF SR HOE 25| A GMM HAF X
R R, B Rl — AR &4 T SRR AR B4
e, Ee i, ZE RS B AR K 3 BRI B SR B &4 TF Rl —
I 2 AR AR, GMM A X X LR IE
FHEFTIREFASET .

GMM RAFEB ¥ H EM B i 7 &85 B RRE
B ERMAE B, WS B AR E , B9 A U
R ACBIATIRA PSO Bk, 43t Bk m T8 R
B R B R T T ok, ZE PSRRI E E T T
5,45 B R A A 5 80 R A PSO Bk GMM &
BOEBBANBERSHETREE JGFEEFSGRE

FIRG H#:2013-10-09 R HHH2014-02-21 AXZERAKBYES . IR BB RHBOELXE BB (61302156) , £ F £
BRI A B AR E B BRAPF (61101197, B THREM A ML LR B I R RIS (61272220), MH B B R AR EM AR LIE

FHERHHRALER MR ER BARIREDR (13KIB510021) %),
B X B4, W, BRI, ETHR TR SRR BRI AT B RELES A P

T B.EATEM. ALERM,E

BRI EABGAE AR T SRAMT TR FRT B, #R WS, TEH R A EE S F BB, AT L
MBS BR800, A S, REGTR RS LS AT R FIE E AR AR SR A TE RS RARTES,

+ 289 -



B I o 28 5230 P BT IR W 0T MY o K07 Ik L R B
H.

2 WESENBEESEE

1BiEA —HIH IR (e v jr ) k=1,2,+, N, 5, £[1,]]
ZIEIMBBE, Z R o0 RETH —-MRE. B4 o FHER
(DA

PCxisje30;, )= p(xe | 5236, ) P, ¢))

BRAAFERE A 2 (6] 2 AH B0 52 6, U X B4R ek o an =X
(2) R

N
L@ = X In(pCa 1236, 0P, @
N
Q(®;®(t))=E[k§11n(P(xk |73 Py, )]
N
= ZE[ln(p(Ik | 7% ;@)Pik )]

=5 S PGy 25 @) In(pCa Ljss0)P;,)

(3

E B LGRS B AT E 8 &4,

W IEMESE T EHEE, ARG . TLLESTEHE /.

MRS e REAX NS, XBEEAMTFE L, FAH
je BOTTEBME T B9 BINEEARLSE, 2 th—#E, AT T8R4 .

[E
2" ) (4)

gl

P(xkfj;0)=(2 Uz)meXp(
BROMRADOHEFTEHBXG).
Q@0 =3 P12 0() (— Ingf —

5(17—12 I e | 2+ 1nP)) (5)

M. FIABETHERERBL G, A\TER 0 ESF
1 RAE . BRI GFIXT 1 o F1P; KRB LAB R K
B, BHEIEX6)—(E®):

S PGl 0¢) 22

wi (1) =% (6
2 PGl 8)

S PGl s || ze—pm; 41 | 2
o (t1) =1 7 )
k;}P(jlxu@(t))

N
Pj(t+1>=i2P<j|u;®<z)> (8
BEEBER, HEARAKXOHE PG la;00(0)M9,
Pz |36 P (D)

Pz ;@)= €]

PG 560 P,
FIRIAHERAEE B L Rl EE E-Step 5 M-Step Xf 1%
R A7 U145, BT 18 3] GMM #2550, M 1 8 57 48 A8 I 89
GMM MR, Mg BT LUE W, B T T B E T R, &
B SGEE A RE, BARES IR BARTE TS
HBL A 4R M S BB T [FT B , EM B 3k HREAR IR ik 8 3
JERIRAE X R R X B — A P A (E AR B 0E B K H
. —BYIRERN AT AL ERER K, EM B ki 5
AR, AT RS HAG TR B, BB K
TR, RILASCE|ARS PSO B3t GMM S¥084TE
fefhit, LR g a1,
e 290 -

3 BUEHIRS PSO &%

3.1 HEHK PSO &k

W R NFE, D SRS E AR R THTSHE N
MLF R T SRIE M ARFERER o KT, B8R T AL
BRAER, =2 Zn), Vi= (Vi Vi, Vip)
SRIFRE i MR TR BEMEE, £, RRE DR TFHE
RiAE, o i=1,++, N, pbest; = (pbest » pbestiz ,+++, phestp )
FRE MR TYELKBNRILE NN E, gbest, = (gbest, »
ghests s+, ghestp ) N BN R EBEMBHALE, B RT
RIERA0 FKADREH H OB E .

V:(t+1)=c Vi (2) +c1 (pbest; (1)) +c; (ghest—x; (1))

(10)

i+ D=2 O+V, t+D (1D

Hi, Vi ORRT i %R SREE AR 25 (O RPF i

EEREE ¢ BHOLE 00 BRTMENE 1 0o RARIMEHE L

co —MRECO, 1) Z A I BEALEL, T c1 v o BLCO, 2) Z [A] B BB AL

B, BEFiges NTE—HENEEHERHEL - Voo Vi
M.

A E o FRFREEEIMRE, LG BRRE SN
AR HRRIREFRNIXE, 5IABMERE o WIEHRR
BHPLRMETERENNTE, 5 o BEKRMEN,AF
TR B R ERARAE; T2 o BV, MIA FIF 38 35 Bl
B, FRE FEN AR o KRR LR BEE &R RHIT R
Neo, MERBR @R TERENPARRBNHERE
F AR B A MR THTE /S A 3R M & BB h LU B
S . Hit Eberhart A1 Shi #2847 — Mt E B Y,
ZREEERAOBH R .

V: G+ 1D =w(®) XV () +¢1 1 (pbest; —x; (1)) +

popz (gbest—x, (1)) (12)
HA o p e HEAMSLE0, 1K 18] P93 5) 476 B REDLEL,
$12d2 HMEEF () ANE, ERESTVIH (OB
BARLMRIERT S A ORI REE T MAEB TR,
HARRD, URIER A8, R k=R

w(t+ 1) =w(®) +dw, do=2mn__Luox T“’"‘“ 13

3.2 MuH#iBE PSO Hik

3t A PSO BEEFER AL (5) B BT 1B B i [a] &8, A
SCHEM LT 3 AN SR B HLA PSO Bk,

Do) R 12) BB/ R B I 2 B AR 2, B
NE RN BB, A T B A T AR, T
w() TEAR T Y — B (8] P R 3 — B R A48, T 6 A etk
VN IREBE 5 oo () /I D S AR, S ) Tk ok T R AR A
Bk, A SCIR H T —F R TS R 2k AR bR ng , 20 g
HEEHBARR (140 —RADFR:

w(t)= +wmn, 1<t<<T (14)

1+eZTZ(|t|/to

T = cos(ncos™ 1(_Jc)), |x|<1 15
cosh(ncosh™ (2)), |x|>1

HP TR YR EREIR, R L 0T 8B &

14

T+1<I)-21T (x)— n-l(I) (16)



# n=0,1,2,3,4,5,6,7 S FMLAR A FX16) J57, 15
BRI R IR 1 Bra.,

%1 25k 0,1,2,3,4,5,6,7 Bf T, (O HFER

Ta(x) Ta(x)
8xd—8x2+1
16x5 —20x3 +5x
32x8 —48x4 +18x2 —1
64x” —112x5 +-56x3 —7x

n n
0 4
1 X 5
2 6
3 7

_ [Vicorll

He, T HFERERSE 10 BIA 7 Bri7 S R #28 9# 1k
BB 0 =0. 9y min =0. 1. ROBIGEHAEE ¢ BiE
WRRER KD RE0<e<<1., RBTAT B/ 0@ it
BEAE AENR <1, B4 n=1;MFE n>5,I4 n=5,
L 1<n<5,n€ Z,

AR QO A H, BEEERER M o () IR
AN, EEHEEREN, (O BB T B KRB EE, 6
FEEE A XTEAR B9 — BB (8] , 3 KR F Bk i SR BRAR B IR A A
R HAREEIREFNE. EEEREREAD oW
SbF AR/ MEFF R BIH ik AU 1, XF R TR BB,
EH oot F/AMERIER FAAa S RERE MR E M.
MR SR R E B, VB R RN » vl #T =X
AD LB HBE AR, X Fh 558 R R g R B AT R B
ArPaE RS V. (OB ELFOR LI n M L6 H &R
., BLRADTH MR NV | >V =D (|3
2 n fHR R K w(2) BITE/IME BE 2 bE 2 38, ATITRL T B9
R RENBEELHER MR V. < V.G¢=D
I on (HEA/N, (@) BIR/ANE B LB 2 2B/, B £ 38 5%
BFHEREREN FEEBNRMNSE » WYIEEN 3,
ot BE AR n R EH o (ORB/MEE,. LT oK
B, TR FHRBMLREIES, ANTRETHE
EEIHERE.

DB FERADPEAT gbest {58, BiLBEEERLR
Kt A5 B IEE S A B B AR, ARz
R, SCHRC12]5IA TRLF BRI 15 B a0 (18) R A9 BR
BP 24k F 330 gbest B 3 AR T MBI 2415 B H AR BIAL, A
THEEE TR THEERSBILRARMNE. EXRTER
W, MR B R E R AN RS RO F 3T L, E—~E R -
Bl AR R 2R B BB E BAR FER RS R,
A ) i6 15 BT F B, SR T 3 1B Rt
K. WERH 2 (t—rand) ,0<rand<t,rand € Z, T 1L
O, ¥ rI{# L RE BB REMF. B, 4 PHRBESH DR
T S Rt B WM SR W B P 1, A LG AR ST T SR
(2] mE s, Bk (20) fix.

V. G+D=XLV: () + 10 Cpbest; — x'; (£)) + gopre (ghest

=2 () F gapa (2(0) =2 ()] 18
2k
[2—¢— V¢ —4g |

HA, g =exp(— || pbest; —gbest || ), ps F9FS7 B9L0, 1] X [H]
Wﬂ@ﬁﬁ%%mﬁdﬁzﬁ‘*—@‘k@ 9¢>49k6[0s1]e

Vi (1) = w(2) XV; () + ¢y g (phest; — 2/ (£)) + gope
(ghest—2'; () + ¢s 3 (&' (t—rand) —

e ¢10)]

_ . 1
ﬁ':f:"gis—e?(p( H Vi(t) “ Yo

DEWMH PSO BB AR . 5 FLA . HRESHBA
FrR g, & xd A, CERL 3] P A T —FMBE PSOK
B IREEREAO T oV (OMBEREEENERE
B, ¥ A0 ) o) (pbest; — 2 (1)) ¢z (gest— x'; (1) )R B
YRR BB B 0 28 BRI, f M RT AR 5 R P & R iR 8
4 BIRE SLBRAE PR A IR IRTIALE . BRE PSOBBHET
FRRATHREBEEPHERMZERE, ATESRET TR
B THE (B RH THREEN A MR T 8T TR,
ESERAE, NTIE A Bk B USSR R 18 . A CHE PSO
BHEBER—WIE X 5T S50 30 %0 B3E i 18 B 22 09k
KR ERAIRE PSO Bk, e 2T B4R op B iR 21 i) () #E
SHEA PSO Bkt f7 7o FERHFENERENELR
HRREHWERN, WRE T WECEE. AXERMEXE
BERIES 2 R PRENLEE TR XK e 2 H L
XRSIBHAZ 1 PRREIA R MR EE 1 FEEE 2 W
XK E BN AR R 2 KBRS P BEALIEER 5 (i
BEBRERHMERUNT 5 ATEEERD ARG HX 5 M
BSBEDHERE I T8, HARAE, R LA
S ARFRREERE .

G FRE i MEFHAE IR, Coeu A pest; FTE
T HBEAR , Cpeu 0 ghest FAEETWIBRTR . ASCHTHR B OB
BE PSOREWT:

DERNMERS @ FREILZ4 N MIRERTREE,
HICRHAREER;

DHBEEMRT YJE  HERAE fihi=1,-,N;

DI i=1,, N, W8 /i 5 foa» & fi BT frea s W
Soves BUA £ 5 phest,; A 2’ e Croest 3

DOBFYFTR AR BN REE fon REME 2/ L8
Fonax 5 Fapest s Frnax>> Fopess s W Fipew = frnun » glest =12, B
Copest 3

HREACO RADEFE MR THEEFCE, HiC
i Ci;

6 K| b T Bk 30 %0 HUSE A (B B 25 09 MR ), R
HIE AL TR C 5 Cpw LB T B EHTEX
BEC;

DC' 5 Cpe ML B Z I BB HTE BRI C5

8)xt C/ PRI E 5 R

9) RHEX 5 M RBE MR FHAE, HFHAERER
I 1E R 5

10 M 5 ANERE kit th B A —AEh £ AT
ERERIEH G

1D R £7> f R EHE BN 164,58 | MRLT IR
C/’,%%W Cis

12) IRXBBREREE T, WELEHE, B 2),

4 BHEAHEANSEHITE
ASCH IR S PSO B3| AR GMM & ¥ kit
O TFIRERSEN 0, B MR TMERN 21 = (g0, P si=
Ly Noj=1,,Jops0;» P; 535 0% ; KEHE. FEL
B HBEER. ENERPEERG) , BEFE 3.2
PEGEAIRE PSOB I RE/XGIBRKNSH. #£RE
+ 291 -



R T, B HCAE B GMM 4 B ALV H L BB S 4R B GMM
SPHPERE. ARSCRA T HCHRL9, 14 ] 75 i GEE &Kk
R T 5B i A0 8 A Bk, B AR DL o 3 45 R o
(BIC) k4K 18 A3 A9 GMM 28 s A% B 10

5 XBWERSHI

SEEH T Outex HUHE E o H 4R 37 8 3K £ (natural
scene test suites) e 1FA% b 1 AR iR B Ik I HERE. 7EX AL
1, K Outex B P2 A 6 H SR 7 4E B 14 ID 2 Outex
_NS_00001 FFMIIAEE, XA~ FLREIA 22 18 ER, BB
KN 2272X1704, X EEEUGH G — LTI, B —1H
Filhik. FHTF G ESREMN 22 IR Rk #, L
WHRENT 4 P IEds. B RS, Hp,
Hb E AR K 3 b s FE SRR AE FHOEFBASE T B A E 0.
S FH B RFAE 87 1 AR R O ik B AT 2 E ScEk(10]. A
T PRI 25 BE s> R 2 50 B A R AT BN RE X B
SR FH 3 043 43 A T v ke B BB TR 4 AR AR SO AT T R A b
i, HRYE Castano % A4 H #7209, WISk E & R F 3han
1C LAY B — I (X 38R, 3 B 4 (X 458 452 BRURE IO 4 i FE 47 iE
R e

P&l 1 A oR 5 N (B Rk AR 25 B0 IRy B fh e 34, Fo o, fif
FAT 5 FORIE M B0t GMM #E47R . % LA EM B 8
R E R PSO 85 . PSO+EM & k) k(12 E %
DA R AR SCCt JE B B . SEBRMH A T 4 FhHI R AR SR S I
Yk GMM, X [ B Fp I 7T LAAR B — A E R E S R AR E ¥ 4
Fh I 1305 7 (E 45 SR HEAT SR AN 2, BD AT 45 2 & 1 B 45 2R .
R FE P, B BFPE S HE NS B BSR4 R
B(E. HE 1AL EM B S W AR Bt , 45 2 19 s 0E
PR , sk 18 . IR HEANE PSO Bk 5 EM Bk
AH b AE — AR E b T OBk, eREIGE (B A BT IR . (B4
RABAARGE I, PSO+EM #9454 T PSO H 31 EM
WS SEMEM L SR T — ek, BRIZE
2 FUR R B EM B R E AR PSO Bk a5 &M, H &
A X PSO A B gk 47 ootk , R X2 e MR s B A PR . ik
C12]rh Bl F T W8 15 B DA e R A8 % 7 gk &t PSO #H 47
T St (A8 3k nT AR A5 B 4 R B A A% I L R EKGE N
HhAE T - ERENERT. FXEEHEREHIT TR
o, {8 L REAS AR 35 2 AR TR0 5 AR U A ad 72 R FE Y
AR AT 03K [ 38 7 BSOS () B R /DN s [ Bt ket 77 Seik[12]
Bk R A AR 1E BRI T B B9 7 85 A F M A0k F
AIBEALYGE AT 2 P B B BB R MR B (R B 3 BN
B ¢ WARPE BB ST T HENEEE ; 73 SN E R ZE
PR HBGERIR A PSO BE#HITHRRE ., &3 LA —ZR7F)
O It » AR SCRE S iR 12] B9 835 . PSO+EM B ik
HH B, B RIS 2 & R B AR . 5 % MLAY EM Bk At
WE R PSO LA E , HERETS RIS A .

7
o I et S

9 a7
-10

e 1 1 EM¥ ¥
—{ 2 HEREPSON*

-11

J 3 PSO+EM¥ 3%
22 4 X025
-13 | 5 AXNHE

-14

ERMHA0)

1 5 9 1317 21 26 29 33 37 41 45 49

#RIHK
P R R A HOE I AR A
s 202 4

&l 2 A P57 R EUR B T 43 45 51, o, (0 N R
E1&; (b) A EM B GMM 430264558 ; (o) M FH PSO
+EM S5 ) GMM 43245 5 5 (d) (8 Sk (12 s ik
B GMM 4334558 ; (e) Ry fii A SCR L9 GMM 4345 51,
HE 2(b) ATHL, T EM 855 A R F L, & R GMM
HISHUSA BIMETE fh T DT (5 45 8 B 0 5t o A — 35 40
A3 BT A A A H A — /NS A48 43 B T B, 9 HARE AR 5

ERFLRRER S E 2(d) B 2(e) M Lt AR AR 1 M (e
FHEGFPIHRA T BB, Ry XY
AEE)., HE 2 H, T PSO+EM 8k RS T
PSO g EM Bk B0, R T 7E— 8 A2 BE b o T (Ul
Fi EM B i 40 26 M Ak, 18 2 B b 475 SR A A 24358 40 9 43 AR
TR WA S K238 FAL R B A AR M. & 2(d)
AT, BEA B K28 38 R4 i %6 BR AR IS BT M (H =R A 1R
AN—FR 3T B A S B T M, AR /N— 4 R 4 B T
BRI . EE 2(eH, BT T MRS PSO Bk
fhiit GMM K250, e RHEE 2 Tk, Al GMM 1
SHEAEERR TR NE 2 8558%F A S 3%
SHE UM B, B R ER R AR ] LR il
Bl H 3K, I 448 14155 150, B S 0 AR 5 R s A8 R 1 % G
AR HIEMT, B EA R rEse. & 2 g%
SR —F U T’ 1 FE R EMTE.

© EAKLKAENCMMA R &R

(d) f€/R X210 % HGMMA 45 R

B2 ProhgR ER I T S 2 R

BRIE ACRE T —FEFRFHMIRE S PSO &

RE A IE 2070 X 4% EM Bk 5 fa AR #f i
e, WS FE R Fe R » BRI {E U B B IG  FHR A PSO Bk
5| AR GMM RS 5l , FFARSE B R A v T 8 2 9 6]
FEPEAT T AR R A9 B , [R] Bebe E8E FH F P 4035 5t LR i B
sy, SLIRLERERW, M HBEEMIES PSO Bk RBOE L
JRER A, bR Sl B, [l B B A BRI 2 R KA
H BAEESE ML 202 h 59 GMM 202845 B AL T EM 8
(F4#% 305 1)



— BRI, BRTFEYE. % PCARBRTRAS
IEEHE BTy, X RS 45445 B AT T P98, “baboon”
BRHISCHE X, 3 B SURE M7 6 BEE 2, BT AA S %
fifest PCA ZRERZFIK,

ERE  ASUNBR B RN A B R B R#AT A
B EBREMRLEEE A F— Bk TRENGES &
SEREHIE B, X ARG IR B E#ATR N 27, 1E S
AR UR S B Fm MR B R R S R B 1R
BAACTIAR, &t THT I M 41 E B RPCA ER X%
Tk WHEIE B TR s tfE B 7E B R B2 A i 43 A 4%
oL, BENBERME. KRERIY, AR WEEME
xR F1E L5 TV # PCA SEBERA %, 2BREHE
BHEBETRSERBEZRAKR, BESHELRPTE
RTEGEY: . 2R ERTERYRERE TEMERN T
o], FE L BR B RR A K [0t BE A R I BB EHE R .

2 % X W

[1] Stanimirova I, Walczak B, Massart DL, etal. A three-way method
for data analysis[ C]// Application to environmental data, Chem-
ometrics and Intelligent Laboratory Systems. 2004(73):219-233

[2] S5, DEM, SRE FHESFEGERTELIL TEN
REF,2011(3) . 757-759

[3] Tatsuoka K S, Tyler D E. The uniqueness of S and M-functio-
nals under non-elliptical distributions{ C] // The Annals of Sta-
tistics. 2000,28;1219-1243

(4] R, BomiiAc, X385, %5, 2T A AR R /NG 5307 B4 B (R 858
HEBRIT] iHEHLRE, 2010,37(10) ; 242-245

(5] Hubert M, Rousseeuw P ], Verboven S, fast method for robust
principal components with application to chemo metrics[C] //
Chemometrics and Intelligent Laboratory Systems, 2002, 60:
101-111

[6] Croux C,Ruiz-Gazen A. High breakdown estimators for princi-
pal components; the projection-pursuit approach revisited [ J].
Journal of Multivariate Analysis,2005,67(4):206-226

(7] #&FH. BREREUTHEESMAMI] AR AEETF
BHER % 4 Mt 2008

[8] Pena D,Prieto F J. Multivariate outlier detection and robust co-
variance estimation[ C] // Technometrics. 2001, (41) ; 286-300

(9] Olshausen B A, Field D J. Emergence of simple-cell receptive
field properties by learning a sparse code for natural images[J .
Nature,1996,381(6583):1129-1159

[10] Askari E, Moghadam A M E. A fuzzy measure for objecttive
evaluation of interactive image segmentation algorithms{ C] /
IEEE International Conference on Signal and Image Processing
Applications (ICSIPA). 2011:260-264

[11] Jia R Q, Zhao H. A fast algorithm for the total variation model
of image denoising[J]. Advances in Computational Mathemat-
ics,2010,33(2):231-241

(127 Zhang Lei, Dong Wei-sheng, Zhang D. Two-stage image denoi-
sing by principal comnponent analysis with local pixel grouping
[JJ. Pattern Recognition,2010,43(4);1531-1549

(k2% 292 ®)

3% PSO+EM BRI 12] P HBENER. FRER
R BARE BB BT PN R G IE KRR
HRM 3 B GMM 2 EUE TSt IR 6 PSO Bk
HECAHERERTF BB EE,

2 % X W

[1] Christopher A B,Karl 1. Self-supervised terrain classification for
planetary surface exploration rovers[]]. Journal of Field Robo-
tics, 2012,29(3) :445-468

[2] Marcel H,Marc A, Nicolai W,et al, Probabilistic terrain classifi-
cation in unstructured environments[ J]. Robotics and Autono-
mous Systemns, 2013,61(10):1051-1059

[3] Nguyen D V,Kuhnert L, Jiang T, Kuhnert, et al. A novel ap-
proach of terrain classification for outdoor automobile navigation
[C] // Proceedings of the 2011 IEEE International Conference
on Computer Science and Automation Engineering. 2011,3;609-
616

[4] Rana H, Adrian P,Carlos E O, et al. A support vector machine
for terrain classification in on-demand deployments of wireless
sensor networks[ CJ// Proceedings of the 2013-7th Annual IEEE
International Systems Conference, 2013:841-846

[57 Haselich M, Eggert S, Paulus D. Parallelized Energy Minimiza-
tion for Real-Time Markov Random Field Terrain Classification
in Natural Environments[ C] // Proceedings of the 2012 IEEE In-
ternational Conference on Robotics and Biomimetics. 2012

[6] Thomas]P, KeithCC, William A M, et al. Animproved simple
morphological filter for the terrain classification of airborne 1I-
DAR data[ J]. ISPRS Journal of Photogrammetry and Remote
Sensing,2013,77:21-30

[7] Li W,Prasad S,Fowler J E. Hyperspectral Image Classification
Using Gaussian Mixture Models and Markov Random Fields
[JJ. IEEE Geoscience and Remote Sensing Letters,2013,11(1):
153-157

[8] Al-Jubouri, H,Du H, Sellahewa H. Applying Gaussian mixture
model on discrete cosine features for image segmentation and
classification[ CJ // Proceedings of the 2012 Computer Science
and Electronic Engineering Conference, 2012:194-199

[97 Manduchi R. Obstacle detection and terrain classification for au-

tonomous off-road navigation[J]. Autonomous Robots, 2005,18

(1):81-102
(10] &b Wik wA EEGERNEERA(D] X - R HE
T R%,2010

[11] Eberhart R C, Shi Y, Particle swarm optimization: Develop-
ments, applications and resources[J]. The 2001 Congress on Ev-
olutionary Computation, Seoul, Korea, IEEE Press,2001(1):81-
86

(12] BRAA, ks, F5E, 5. B TRINE S E R EE
f% MRI +&1[J]. HEHBFR 5 RR. 2007,44(9>:1595-1603

[13] w8, R/AME . %, SRIBIRTR B AR AR F R B
[J7. ##H 55:45,2004,19(11) : 1286-1289

[14] Castano R,Manduchi R, Fox J. Classification experiments on re-
al-world texture[ C] // Proceedings of the Third Workshop on
Empirical Evaluation Methods in Computer Vision. Pasadena,
CA:Jet Propulsion Laboratory,2001;3-20

[15] Fan§, Lin Y. A multi-level thresholding approach using a hybrid
optimal estimation algorithm[J]. Pattern Recognition Letters,
2007,28(5) :662-669

[16] Kim S C, Kang T J. Texture classification and segmentation
using wavelet packet frame and Gaussian mixture model {J].
Pattern Recognition, 2007,40(4) :1207-1221

« 305



