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Wake Detection Using 2DPCA of Directional Polar Fourier Spectrum

WANG Hai-Yang' 2 PAN De-Lu! XIA De-Shen? MAO Zhi-Hua! CHENG Qian''®

Abstract
component analysis (2DPCA) of directional polar Fourier spectrum. This method improves the traditional principal

A wake detection method is proposed for the water wake of airphotoes based on two-dimensional principal

components analysis to obtain the image direction from their Fourier power spectrum, and transforms the Fourier spectrum
into the polar coordinates based on the image direction. The directional polar Fourier spectrum are translation and
rotation invariant. Compared to the previous method of partitioning the polar spectrum to achieve texture features, the
row 2DPCA, the column 2DPCA, and the improved 2DPCA are used to analysis the directional polar Fourier spectrum.
From experimental results of 40 images, it is proved that the proposed algorithm can fetch the wake texture precisely.

Key words Two-dimensional principal components analysis (2DPCA), Fourier spectrum, directional polar Fourier

spectrum
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Diagram of the wake detection system

Fig. 1

1 &g AmE

GUHL 5 AR R A o B AR,
DR FEAR 22 SC8E 53 2R B HY i i v R F S B 75 17 g %
SCHLHERR I SCEE 2R, NATISE I TAR 22 5C3 s 1)
WU 73 SCHR (8] T I 23 A IR (1 3 HL i g o i
R FE 3853 73 W (0 595 R SR U7 )y SR [9] 3
T b AR R P K 5 VKSR GUBL Ry 1) A R Y14
ZH; SCHR [10] TEIE B ARSI R I ECH T 175 3C

MR [11] 3T radon pRECA X SCHE T [a) HEAT RSN

h TP R (RN AR i R 2 A B B A
SER PR A, AR SO R X T 43 AT I VA 3R AT R
b, WERf bR 13 T RIS SCER Ry ). SCHR [8] % e
TRE RS T AR AR B, FESRA R R R
GBS 7 [m) () s ), AT A B SR 1 8 128 7 )
SEBR T MR ZERROK. A T RN ), AR SR T
TR 77 22 A R, BRI ek FH 8 5 15 (A 6 AR b E AT N
BUR H P o7 22508, AR 50T 3 1oy 0 A 45 21 Rk
J7 ). SRR T W SR B N AL SRR
RetE il SRR A PERE L.
1.1 FEfakeesig

e G P S LR 2, o R AT
T 02 AR S AT AR e 15 2 R
B Re RS, Rk ER B AR R 7 v, DR A
FEE T W) e B R R, O T b ok B A T [ fg
I, 0 (8] —FEIEE—ANEIME, KT
2% B 0 B BRI AR A 0. R AR 3 HUCR FH G
e B AL I R S E D, R R RE R
SR B KAE, K 0.3 frnax MENBIE (L5045 5K
0.3 frnax TE N B 681 PUAFIR 17 AR, A e i i
EHEATUL T i

0,
y:
fi,ja

1.2 KE#ETE

WEME KRN N x N, 125 0 b5 fe & il
AR ANEC) T, RE SN F(ip, jp), 0< p <
T7 /7"\ Xcentem 1/vcenter y‘jjtg’é)ﬁ[ﬁg*'t“a Mconvar y‘jbu
By ZE R0,

&:%?WWMX(%—Z) )

fi,j < O'3fmax

i e

5= Pl < (i-3)  ©

p=0
T-1
S = F(iwjp) (4)
p=0
Sy
Xcenter - g (5)
S,
}/;enter gy (6)
T-1

- Xcenter) (7)



9 11 VEHEVESE: BT AR B A0S 2DPCA R 1055

T-1
Y = F(ip?jp) X (]p - Y::enter)
p=0
X x X
Mconvarl]- = 9
X )
X xY
]\4-¢:onvar12 = 10
. (10)
X xY
Mconvar21 == 11
: (1)
Y xY
Mconvar]-l = ; (12)

M 2 By 23 e B0 J7 35, SR B A 5 22 5
M Meoonvar HIRFIEAR (A1, Xo) FIRFAE & (V1, V),
Forh Vi d /Ny A0S I A AL 1) =, DU R 3
JiW ¢, = arctan(V12/Vi1), B EMG 4 801
Jilal, W 2 AT RGN ¢y =
arctan(V22/V51), WIS S0TE H 1) 77 0], 7648 H
BRI B R W AR T T 1)

(a) i 1 (b) Rk 2 (c) Bk 3
(a) Wake 1 (b) Wake 2 (c) Wake 3

(e) L 5 (f) Rk 6
(e) Wake 5 (f) Wake 6

(d) J2ik 4
(d) Wake 4

(g) 51
(g) Background 1

(h) B3t 2
(h) Background 2

(1) B3

(i) Background 3

() 154 (k) 55 ) 56
(j) Background 4 (k) Background 5 (1) Background 6
K2 REi)jm

Fig.2 Directions of the wake
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Table 1 Classification accuracy of the literature
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WZFEA (%) 82.8 95.6 95.6
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1058 H ]|

{1 344

2
%

%2 WK 2DPCA [UIERI 2R
Table 2 Classification accuracy of twice 2DPCA

r=8 s=8 r=12,s=8 r =16, s=15
INZRHEA (%) 100 100 100
WRRFEA (%) 87.4 86.3 82
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