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An Aerial Reconnaissance Image Classification Method
Based on PHOW Feature Descriptor and SVM
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Abstract: The feature descriptor of Pyramid Histogram of Words ( PHOW ) was studied, and an aerial
reconnaissance image classification method was proposed based on PHOW feature descriptor and Support
Vector Machine (SVM) classifier. The experimental results on five kinds of aerial reconnaissance images
show that, compared with the image classification method based on Gist feature descriptor, the new method is
able to realize image classification rapidly and precisely. The average classification precision is about 84.6%,
and the time used for feature extraction and classification is about 37 ms.

Key words: aerial reconnaissance image; image classification; pyramid histogram of words; Support

No. 12

Vector Machine (SVM)

0 3|8

Wt 45 i S AR AR T 2 A R S T4 R K R oL
R s %R R GEE 40T LU 5y FRER 4= 1T 9 B3 [ 1R
{H R EAE B R TR A X R R BT 408 AT R R
BLHRE H AR R, T A I (E R B e 4R, 52
—IRE KA A SCEBIT T = Mg B R AL
BB B . BAEGREY B 3har 2K EoR ol LIFER
BEEES TEZEANMENGFR, #RIELZKN BT
B LA A8 A ik s IR RS R 5, AT 3R B R 1R
AP BRI R

Yo7 H 5 :2014 01 - 07 f&[E H 1 :2014 - 01 -26
ESWHE: HRK A AR (61303192) ; [ ) THF £ 2 (9140A010
60113]B14013 )

TEER A RE(1978 —) 5B, MR AL LG, B8, 5,
BRIEJs 10 s R R AL 3 s 94

BAT, X TEGS KR FEEPELTHA
JriE 1) BRRHE IR R R ;2) ARSIt
BEFHE R RGN R G ESEE. 8 - EEK
HAH A S RYRHE, K AR ERRZE A
SRFHE, I FE L& R SR eSS, FLEF
A A Be R B AR, i B R %, B
PBRHIE B 52 BURN 2R 7 2 B R 3 28 B9 BR A, A R B 4%
FEDR, PR RE MRS, BTN K. TEERR
TR EMRARE A9 J6 At |, el A Rl S IR 43 38, 5%
BETHRENRI, MBNSRSFELHERLE
SR WB IR, AE R C B K8 E
¥5 ISODATA ( Tterative Self-Organizing Data Analysis ) I
KIE; A BB RS R/DER SRIER &K
OISR 1 22 ) 28 1 ST 5 ] B AL ( Support Vector Machine,
SVM) 4.

W BRI B9 PR, 38 W BRSO TR S



H12H

XpAES: & T PHOW RLfid T M TR LA (iR B G J07 8k 11

H3 %K, DETEGRZEFENITE, EEETERK
EGRYRR 2R s XEARHIE (B (o BOR JE RS , 3F
GEEA WA R H LR FI M E G (P R/
FON 0/ 2 1, B %/ 305 #EAT R B, AR TR
FEA SCHER [ 1] 32 i By 2 T 9 25 B 3B 13 ( Content-
Based Soft Annotation, CBSA) &k, 2) T ERMRIE X
AR J5 ek, R TR 38 SCEAER S B 1537 7R
B, TR ST B0 RS AN 20, X 807 B AT LR 48 R
VAT 3 #p . O BE L[4 (semantic objects) , 38 i
T TR s PR A ) SO R R B R R AR
PETAEW SCER[2 - 3] QEL 7 BI& K R 3R 8 XM &
(local semantic concepts) , =B B B 3 I &+
Y RSSHER 53, IF R A R IR F R X 2 5, SR U5 ST
JRIERA A B R R E SOBE A RY B, T A R AR
B SRR 20 RS2 BB B3 = 0 R, (AR AR
HRIER[4 -5]; QBB R £ RIE R, 8E
BB R/EE T RE, 1 8 2R BT I A HLRE B
F,AFRE A S d SB[ 6 1 =R MR P RZIE X
R, 3) T EG BRIk, AR BRE %
FEEMR AN BN T K3, AR5 Rk 26 KA TR, I
JE&RE BT A XA R 45 R 8 BT R R R 250, % W7
WHSEZ N E BB RE R mATE RS
AIHEABER T ERTE SCRHE 1 #5 PHOW ( Pyra-
mid Histogram of Words ) ffiEHAb T, 2 8 T 2T PHOW
FHEHE TSR B S IR B R 2K, &
FENG RIER R EFERN A, R TET
Gist FRAESHIR T F1 345 ] ALY AL =5 W52 B 43 25 0
2 BEAS T R A TR I R bR e ) ) PR 3 3K o

1 ET PHOW #iid TR B RAFIERI A&

1549 ( Bag of Words, BOW ) 8% #R % 1k 2 ( Bag of
Features, BOF ) 7l [y B 74 JE AR (B 55 SO A Ap BB R,
B UG RS Il — R P IE K 48 3A] (visual words) 948}
BB Friflss i k2t 2k BRI Sk
AECONEREE SO 2R ) it RBTE A RE .0, 0
WRBRNESTE R E RS, F5R01EaREZ i
T EB A R AL EARE , O B R RRRERAE 7 2, A F]
TEURGHFHMEAIRE, CER[8 R T —MET=
] 3% =0 B 7 B B R B R (PHOW ) |, fA] AR 38 2 G 82 1)
B, FEOE4 D IR FRE R Tk
BARERERFITE ST CRFAE T,

1) FRERI

P iB ARG T 558 2 i BRI R E I, W B (R
TRFREMG RS KX, FHAEARIN 7 B R AT LAy
VIR 328:1) MU RIRETE2) Do il vk ;3) FaEwL

F#f(random sampling) %, PHOW J7 ¥k 3% FH i 25 %
¥ (dense sample) 77 =& T AL PIA& B o SRAE [A] R
B MR, B MRERRKPNA 16 x 16,

2) FRIEFEIR

PHOW J7 kR H] SIFT $REH#A 1o A RI KL
LT R R, RIS —A 16 x 16 BYE 1, XA E 0 )
A x4 FEH. IS4 x4 B/ BT 8 T
ROMREE T el B B, Ge it U ) 4 R e, BB AL —
AT R —THD R 4 x4 2216 AR 7 R4, B
MFREE 8 NI MAER, XA, h A7 R AR
SIFT ffik i 16 x8 =128 4,

3) FHAER

EUR & FRAE R I AR iR 2 )5 , 18 Bl — R 4
RS, IEH So SAEFETRIRER, FIH K ¥ERE
S SERVE, BN REP OB T—DHRHER
A, T B TR R PO ER B T — MR 3, il
R W, ASCFEM W RNV B ALBGE R 300,

4) REEMHRAI RS FEREEE T A,

T Vd, €Dypusn =1, ,N(Dyy NI A Y ZRIE
BES) IR ASER R Z G, H2IE R d,
IR TTEES 100 S, o RJEARYE Blm SR AL, #2 B RK
RIEFHESNMERFRERA TR WA A CH
W, GERED S, WA AT AR X I e B i)
EFH WHRIIF5RER,

R THIALEE R, 8 RE R d, X A= E
BT P, ARG P, # R BT AR B A H] 4
TP, WREHN DA P, IEHDEGEXCEET
BATTAR (cell) o P, FSE 1 E(L = 1) SLREIR 4, A5 ;1
FU1>1) B, BPEITHE U4 T EAESM BT
W EESHABRER] = DX, &FHP, WEIE
34 (271)7 = 22 BT H RN DU P, Sl

D
ST2MY Ak,
I=1

X TE&TF P, BI5 LB ¢ MK, HHEHA
R E B ACH X, Hor, [ X, ], RS0 162
RTBATTHE FP RS = 1, ,D,c = 1,227,
i= 1,V BHEQAIE RGP, F A BITH IR E
WEITEERR T ER 4, HaF BB E L B

X =(X,11l=1,+,Dsc=1,-2"") (1)

ALY, MEBOVMEL = VD 2 AR

WHCR 2, MHELIE RE) PHOW RYZES8 300 +300 x4 =
1500,

2 MEMBEGSESR
TEFHIE SRR AR O BA b, A SCR T SVM 34T



12 Bt 5 # #

H2l %

ias R IR 2, BARSEELN FII A VL _feat B HAF6LH
Pegasos BILYIGREIE SVM, %5 SVM B, BArR%Ch
Al + S Loss(wai) y(D) ()
Z&AfE Ny (w - x,—b) =1 - Loss(w,x,,y,) ,Loss Jy hinge
PN BN E, AT 552 KRB 5 bR $ s /N
B w b, WASBIEER NG x RHZEH y, EN
SR BB BRI ZE b B9 R %L
Wikt , ¥ w #0 b AAAZK(3) 3 f 1 E—FIRK IR
KAE, BRV] A5 20 %5 7 BIHG A28 51 , B
f=w=T_ +b , (3)
B Ao T TR X O 25 (T38RI AR AR A S B T 1 R 43 28
R EAR B, o] LKA S (R EUR 1 50 5 TRAR G
1ER 1, FEASEFER S, 20 R I et AR A0 il
X A A B B R R R A Hl iR T
IR B2 5, X 55— @ I 25 BB 20 AT 14 25 2R 4845 3
SIFT ¥Rk ¥, 18 4 18 6 19 B AL R e 1 25 B 1R
WRtER BT Bl JF 5 & A B S S, TR PHOW
R, Hh, BRI SRR RIS H R C AR,
SCREA EALA A A 18 )25 8 1R /9 PHOW FRAEH A F
FHRH R B9 28 AR A, 15 8] — A2 IR, W3R, X
— R X EHR AT 3% R A4S B SIFT AR AL 4+,
IR FRIE Ry R4S, T8 A B 1 Y SR S 1] B
K, 5 e g BARES ST PHOW HiiR F, CHFM
EHLE IR E B PHOW 5 31R 7 F0 2% > AR T 4
DA ER AR BIARE . XTI AR 5 2 Mg, A
AR S AR B R B 73 2R IERR %,

3 HEXE

TEE BRI R TR IY , B Fe FAA W B =
g H 2 (LA 1) Bdi %

| 12 B l
JESIENT Qg SRl () ||
1

e L
[}
B

1 B pEE G P R

Fig.1 Procedure of aerial recomnaissance image classification
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