Image feature extraction

Image feature extraction
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Image feature extraction

Amplitude feature
NHRFTRE ST HE Amplitude J2PR Ry I 28 FRIN 8 (edge) RyRi i B - oo F 4 MR 23109 07 =2 R i e e
itz NS W DURI RS R4t 77 = Z 4347 spatial domain process © <E#5>
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Image feature extraction

L1 L1

Entropy: S, =—» > P(a,b)log,(P(a,b))

a=0 b=0
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Image feature extraction

Transform coefficient feature
BRI BAMHCEZ A Fourier transform 8 E] freq domain For—iRIE & H %/ VRN EIHER
R (Basis)aH &K © 2B

F(w,,w,) = [ [ F(xy)e ™" dxdy

EEE T B TRE AV (feature) - ANEEE S AV B > EEMAESTHTIETREIZAY texture
[EIER A . o] DA% 8 (Coefficient) i 22 polar domain FFE R [EHY domain 7 AT iR E freq FrARATES -

MW, W,) = F(W,, W, ) [° EEB8FE PSD domain
2z
N(p) = [ M(p,0)d0 polar F[EIEE 53477 domain
0
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Image feature evaluation
TE— TRl P AR E YRR feature E1 2 T HRIEAY edge DURAFRINY texture IITBRHE B —iRETZASH
edge classification (/2 segmentation Y5k B A HIEEHLI RN texture regions » FR{TFFEE texture analysis 2 H ¥R AL
AR - AT A — 2GR B AR B R B 2 S B TR -
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HT - @A EFRMESCE B R (P ELE R edge ~ U'st/2'st {055 5) - A texture analysis 3% 4] FHEELE FKIE?
1 texture analysis H1 o7 pHITE T2 o S5— 77 20 HH— ({83 HRAH K o ELA s Bl 85 ZM@ A ELfh B Bma 25 B AHLE
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Image feature extraction

Bhattacharyya distance (B-distance)
ATMEARETER b <HAV>ZHE RO 2 W8 8 1 ek S (pd AR  FHPS T s AR (DU ~ AR - 3T
I R T % 28 (correlation/covariance/variance..) 25 T f# » 1EIHHY B-distance 245t - B BIFEREE I (A KAy
HiTE ) IR -

<TEF:> B-distance
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Image feature extraction

Transform coefficient feature
BB F Y texture analysis(fER[F] basis FHYHRFE) o <5 FH>FIH frequency transform HotH— & S IEP Y47
il (texture) (R TR —SUERAESERE LAV o 1F Amplitude feature FYESIE 2 (X-Y axis)FEHH edge A5 AT WAL o i
frequency feature FYELEE(5% ) sinw/ cosw V2 FEHH texture I53HT 73 HEYIES -
B SN EHEH E— B Y frequency feature - Lendaris, Stanley 1ERFFT Y22 %4 (optical system produced an electric

filed radiation pattern)i{#=2£ ¥ {F 2D-image /Y Fourier transform</ig #>

F(o,0,)= ]c T F(x, y)e “**Vdxdy

Hit F(o,, 0,) 1A image  F(X,y) & unique FYEITEREL - ifi H{FE image thoMH2 Dirichlet rule
[IFCy<e

> BT DAEAFT o] DU L AZUE TEFTA image frequency transform o

Hit F(o,, 0,) 28U T1E frequency domain AL BRI\ (weight) » [TAEES(2D basic functions)ZAfiE
Euler formula € =cos@+ising & TWi{ERE( sinw/ cos @ HIE R ERE) -

SR> EFERIF FT. ZKH texture analysis AR SR IEAH BT SRR LI T

EHEACIER_ FA W EH D ERE RS> - R EGE discrete [yl WVEFTIE 3 (redefine) 44 HET AN B LAY DFT
izt - 55 2% AY Frequency-domain {32 2D EE P R R R E IR E] - 2 (ERR 10 (K
(5t polar form (0, 0) yFfittt: -

HEAGREE R BT <EF>transform (R <Q>A 7 image F(X, ) EBEHIEEHAEREE » H Fourier Coefficient F(w,, @,)
TSRS - S E RS AR R o <RI R IR MHEEARY F (X y) B E R
FOx+N,y+N)=F(xy) - H T4 St e S p BB aR e Ca i LU R A Mk (EHUE (sample) 945 S

Fu,v)=F(ho,no,) , n=1.N

FAME FEEL image [T DFT HI<AZ0>

N-1N-1 2271
F(u,v):%z F(x,y)e N (e
x=0 y=0

i HALR My, ,) = F (e, o,) [ 52 intensity of radiation pattern » JE/{bUE & PAVAE REEHE - M(w,, o) HEZRE
F(w,, o) I 1-1 th¥(unique) » (EZE 5 shift fLERHME - WA E2 2T M(o,, 0,) B8 HEFEEN_ EEEHEw
8 o
5 (B RTREAE A FR R R Y PR3 AT » T LIRS B A 2D Fourier Coefficient M(a,, ,) B, 1D

Ky Coefficient » A& % <A70>H] UL A EHIFRFE R -

o @y (Mm+)
<Horizontal slits> S,(m)= I I M(o,,0,)dodo,

o o, (m)

@y (M+1) oo

< Vertical slit> S,(m) = j I M(w,,,)dodo

(M) —o

Y

p(m+l) 27
<Ring:> S,(m) = j j M(p,6)d pd@

p(m) 0

o O(m+1)
< Sector:> S,(m) = j j M(p,6)d pd@

0 o(m)



Image feature extraction

BRIz AN S T DAE R SRR EINA log s 9(x, ) =log(f (x, y)) #H# - 3% high frequency HYRFEER I AIGE,
e

il Fourier Coefficient &3 7341 /5 TR (RIE A MR BEak Bl Y HEHE L (coarse to fine) sKEAY » B2 AE—FAIEER
147 % (spatial segmentation in noise environment) ~ & overlap(fH[E4ERAVEE: > 4FELIB{EH 11 FRR) ~ B0
HET TR F (0, 0,) FIE{L » BT REFHT texture analysis 7E{R R EFRERS2STT «
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Edge detection methods
& 55— texture analysis JFEU(FER[E] basis FIVEEH)EH Rosenfeld, Troy FEH 43 TEIF F (X, Y) B pixel 1Y
Neighborhoods 5%/ edge §i & - EATHEBIIL R edges YR T DI AEERIHE - H<WBEFR>HEZ /31T image
i9 gradient G(j,K) #9534 - FIAH A\ HRHHEBERE EAKEE edge HYBIEAEF ML - HAHF

T(j,k):#i S E(j+mk+n)

m=-w n=-w

E(j,k)24XHH edge detection 1&HYEFLEE
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Autocorrelation methods
ST texture analysis(f£ R [5] basis NHRHED » HAEIE A B2 LAt (I AR 7 ki bs e iy s =0
17 > TS —TEAHR (human viewer) %f[E], mean/variations/autocorrelation. S 152 S BN UL DALE Ay LLESH)
AL RI<EZ>A T

<mean> u = E[X]

<variation> o = E[(X, — 1)°]

< correlation > R(X, y) :w
o

Hrf L Autocorrelation 22451 » iZ21REE{L FT.AY<ER &> » $U image transform 27y domain( i Basis function “R[&])

B HAFHEAL o 1] autocorrelation FYELEFLEALFS shift Ay A/ o

<EFHF> A:(m,n):ZZF(j,k)F(j—m,k—n)

1E coarse region 1 autocorrelation 455 (A shift ¥ BB RN » 5 HIREE{L uniform distribution © [fj fine region
FE RN %4 - Faugeras/Pratt 2 H{HTHY autocorrelation spread measure J5= o A {EE/) 1/2 #HE & (computation) »

i1 HAE ZnF o A4 (FOM) K LS HAE R, - <EFH>

SV =3 (M- 1) (0 1) A (m.1)

m=0n=-T

Um:iim/%(m,n) ’ nn:iinAF(m,n)

m=0n=-T m=0n=-T

<profile spread> S(2,0) <cross-relation> S(0,2) <second degree spread> S(1,1)



Image feature extraction

Decorrelation method

Fef T RAR
Spatial

Autocorrelation s

Function Measurement {

|

F(j, k) ' X
) |
o | Ee(:tur:.

Texture | xtraction | Texture
Field * Feature
Decorrelation Histogram Vector

Operator Measurement [

Figure5. Decorrelation method of texture feature extraction
1 texture field 73K HH autocorrelation (% F i texture field #5fER% whitening filter w(j,K) =F(j,k)®H,(j,k) -
W(j,K) 5% T uncorrelated whiten field » 5K H{H: histogram 53775k o] LS A AHR ¥ autocorrelation” {1y 5332 » Hedt M FESK

feature extraction(B-distance)V i & & 58 A » B LUFI A Laplacian/Sobel gradient 3 S Ffi{LiEE & -



Image feature extraction

Dependency matrix method
55T texture analysis(1E 7R [5] basis FHYRHE) » & Haralick £2H: b4 joint amplitude histogram(2-order histogram) of
pairs of pixel FIECHLSIHT - <PJHIE &>2 — transform I texture ¥ ZE L (0, 0) Byl E EEES BATEE L - t2 AHRYE
O — T B e B AR - BEREEEE (0, 0) WNMEB B HEE - (BN RIS - IRES M
2-order histogram (" EH G -

Dependency matrix method Y f#(gray scale dependency matrix/co-occurrence matrix)I</\z0>

F(m,n)

_ F(j,k)
P(a,b) =Pr{F(j,k)=r,,F(m,n)=r}

B RFELKET FE—BEAYMHRR M (statistical dependency of pixel pairs) ©
SKH4 T (2-order histogram)#FEZ 2R 2 functions 2 REHYAERE M (similarity) A EFEEH 2 ATE 4T RAYSE
(autocorrelation/covariance/inertia/entropy/energy)... 2 f5{L function FUSEEELES © FEEEE<inertia>/ AT

T(i.k,p,0) =2 (a—b)*P(a,b, j,k, p,0) Z&F53(FOM) image (VFRHEH L -

a=0 b=0
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Texture define
TEAR 2 W5 B 52 & (nature scene image)ii/ sharp edge > {HE2E & TIRZ AR EIVELISGEE S (texture) » [fij texture
analysis ] DIE B BTN segment/classification...fEF - ELH{E edge detection K&k £ threshold/mask (linear filter)
S » B ideal edge define(non-linear) - EIEEAYRIRELIRAE texture analysis » <Q>TEAE R texture HIHERJ7 = By a]?
Hawkins &5 FEHH 4 EE texture BYZEHE(LHE A

(1)some local ‘order’ is repeated over a region which is large in comparison to the order’s size
(2) the order consists in the nonrandom arrangement of elementary parts
(3) the parts are roughly uniform entities having approximately the same dimensions everywhere within the textured region.
Bk T B R R E ZE RS (math measurement) YR EES S » FA TSR RI{E <[H)E> - image HY size {REEH » £/ N &S]
1ty texture JHIE (small numerical texture measurement)BUfE4Y > K722 B R KT SERIS 45 5 & siERE - BT DATERTARAY
region segment(edge detection) NSk HIE LAV EE AR (uniformly texture) A BES 1T < A —BL > BI{# image (5855
(ideal) 7> & - texture EPALEEIE [ 512 noise/semi-repetitive... Z2 5% » FIFAITE ZHVSELLNA R EEHTT - 2 (123
TIBCERIRTS -

FTLAE texture analysis HY55 _f8JT 5 > Bi/Z(Figure2) WEIFTRICIET I texture(artificial) » #31& F& 1AL RT AL
(Figure of merit) 75 ={(Bhattacharyya distance) 7= EL Wi {[E &2 1242 73 47 (o df) Y AH (DL (simiilarity) o




Image feature extraction

Math definition of Texture by stochastic
B R ES T3 - FMF B iE4%FE 7 (Discrete Stochastic Field)<ZE#5>an array of numbers that are

“randomly” distributed in amplitude and governed by some joint probability density ° 5% image HYBSRBEFE RS » 2R1EK
H#E[E(inverse transform) R AR [E(R Fy B 2552 pdf FT LU FREFAVEBIIAR %) » #5385t am AR R [5] DSF #YRLSZ 3SR K T
FRGUTRER, -

<FESE>1E 1960's » Julesz FEFE | Discrete Stochastic Field HYEEFI2:8 » Purks, Richards/ Pratt 5% tHf AR EG3Z Bt
(mechanism of human view perception) %774 H i Lk HHATEIRR -

Discrete Stochastic Field &l E 1Y RZE

Spatial
W (J,K) o——— Operator o F(J,K)
INDEPENDENT e =} STOCHACTIC
IDENTICALLY TEXTURE
DISTRIBUTED ARRAY

ARRAY

Figure6. Stochastic texture field generation model.

41 Figure6 o E ] E H 1Y stochastic texture array E 2455 X 43 n-th order density<7E#>

P(x.2,,--2Zy)

P 1Z,-Zy) = P(Z,,..Z,)

Hrp 71~7) FoRAT—Bh(pixel)#Y neighbors(F~—1E 9 Bh) < 7 J=0 f# first order density P(X,) [HE{%{] ~ =1 T% 2-order density

P(x,) ... DAL HE < > HH F R 2 18 s R A5 — B ER 578 neighbors Jai17 BRI FTEEAZHY texture o
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Julesz texture field
IR By HH Discrete Stochastic Field i Hi Y Texture - 24{% FI| F B-Distance >K tHFIEAM E T2 HY pdf 72 F - <R FE[E] Figure2>
Pl - iEfd T pdf KELEAEE 2 SRR T FEEAR T o R AL - (B2 AH[ERY pdf ATRTRE AE A A (B OGN IR B2 AT
EREABGTY -

1. Notation. Let x, = Fijk-n) denote a row neighbor of pixel x, and let
Pim). form=1, 2.... M, denote a desired probability generating function.

2. First-order process. Set x; = m for a desired probability function P(m). The
resulting pixel probability is

Pixy) = P{xy=m) = P(m) (16.5-2)

VISUAL TEXTURE DISCRIMINATION 549

3. Second-order process. Set F(,l)=m for Pim)=1/M, and set
Ty = (x;+mMOD{M}, where the modulus function pMOD{g}=
p-lgx(p+q)] forintegers p and g. This gives a first-order probability

1
P(xy) = v (16.5-3a)
and a transition probability
plxg|x;) = Plxg = (x; + m) MOD{M}] = P(m) (16.5-3b)

4. Third-order process. Set F(j, 1) = m for P(m) = 1/M,and set F(j.2) = n
for P(n) = 1/M. Choose x; to satisfy 2xy = (x; +x;+m) MOD{M}. The
governing probabilities then become

I

P(xp) = — (16.5-4a)
o =
1

(xg|%,) = — (16.5-4b)
PlRln) = 3

Pixg|xy. x;) = Pl2xy = {x; + 2,4+ m) MOD {M}] = P(m) (16.5-4¢)

FATAT L LS BEHEFE FE A pixel pairs along a row are independent and spatial uncorrelated » <#/JFRHH &>t 23 7F—
W17 fffi(random distribution) AYIE[I(fR{% noise) - 2/ — LA FRIFHR - AR T & ARRAEISZ (sensitive) HY%F

i textures ©
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Pratt ,Fangeras, Gagalowicz texture field

HI KA Julesz texture field Ffj[l_ Gaussian process » FE{EE{4-H2R %% 5 pi # (conditional pdf) AL HT < EF>

£ -1/2 ] L i
[(21!:) |I‘J+||] exPY =3 (Vya 1 =My ) (K )) (v =My )
P(xp|2ys --sZy) = =
[(2E)J|KJ|-‘ CXP{‘%(“J‘“J)T(KJ)_I("J—"J)}
. (16.5-6a)
\.l
where ¥y=
& (16.5-6b)
o
Ve = |22 (16.5-6¢)
Vj

DUz texture definition °
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Microstructure Methods
J@* 55— texture analysis({E-R[F] basis THYRHE) o eI texture TFERAH BT A1 HRAH B (Ll (s B EE EC
correlation [E|JF - F1 autocorrelation A [E]7 JfE E-AEH autocorrelation 2F FH EL ) EIRLE RN texture region 3K H E ALY
B o T3 BRAH AN B ERAAHY correlation ZRF AR DI I R EIFISCREHUER - RV T EER I I70% -
ifii Microstructure Methods <ffi’A>Z RS2SR correlation #EEL(F5ETRAMHZER convolution) » SKHIHAR IS
MR - BB LU R EISEE( H, [, K] IR B correlation SRR E - HE I LU correlation 141 image

FFK X standard deviations measurement {E & 5 {5 HEAY AU E(40 B — 225 B2 (Figurel)) -
M; (j.k)=F(j,.k) ®H;(j.k)

M;(j, k) = F(j, k) ® H,(j, k)

WxW
IMPULSE | M, (j,k) T,00,k)
s STANDARD Wy
RES'?"SE DEVIATION 2
MEASUREMENT
Wxw
IMPULSE | m,(j,k) Toli, k)
20} STANDARD | T2lis
TR RESEONSS DEVIATION 2
MEASUREMENT
wxw
IMPULSE | Mo(i,k) | stanparp | Toli-k)
RES?NSE DEVIATION °
MEASUREMENT

Figurel. Laws microstructure texture feature extraction method
m A< FE>HYE S — impulse response  H,[j,k] ‘& Z il Linear #E 73K edge detection(1’st/2'st)FE{E] > {(H&&

mask K ECR A FHRHEYIFFZ  H convolution ERREETE e B B 11 F1 mask S0 AH DL (similarity) 3t &5 - 55 — Hil 2 standard

deviation measurement t7/21F edge detection th &% - HE T2 —{# non-linear #EE T -
AEF A microstructure detection 75 A05 FHEIHY mask (&5 550l > gifI<RE>E4: - f45: pyramid average, the
Sobel horizontal and vertical gradients, the weighted line horizontal and vertical gradients and the cross second derivative... 5

Haralick HIJF|F§ Chebyshev Basis A4 edge detection mask {E & texture measurement - [X % Chebyshev Basis -
ARG L TEAC A I L o o] DUR SRR — B 2 HH 22 75 (R i SRR E 4l & i i 17 B ] DA Chebyshev Basis(3x3)
PR R AR SRR T -
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Gabor Filter Methods
FHA microstructure method HYSUEFHEAR 25 5 & Hi(scalable) < Bovik et al.Fl[F] Gabor Filter(4 408 23)7E Ry = M
SIS (E - 1T Gabor filter [ impulse response( H[X, y] )& H—#&£[E #H(harmonic)fy Gaussian functions HH3E4H & ©
HAnFH Surr

H(x, Y)=G(X',y')e2”“:*‘ izﬁ

1 G4y
G(x,y)= 27007 e

(x'y 3 x( gosy gsin g+synyg

T Figure2 BERT impulse response( H[X, Y] )#Ef S S H5RRE R «

(a) Real part of H(x, y)

(b) Imaginary part of H(x, y)

Figure2 . Impulse response array of Gabor Filter H(x,y)
ME: Gabor filter &Y F.T. H (u,v) i 40[E] (figure3) T

2_2p0 1 Y2, 2
H(U’V)zefzzro'[(u—F)ﬂv)]

(<) 7 (es. v

Figure3 . transfer function of a Gabor filter

Gabor Filter EA<EHE>2 ] FH%& 7515 (tunable orientation) DL Kz ZH%& thu  EZR Il 52 4E 7 80 (passband and tunable
center frequency) » TERIRSE N AT LA R daisy petal filter” » DIHI IR aaf4(HEER dih OB RURE) -

ifi<{& 455 fE>Grigorescu et al B/ RAILLER T ElJZ4X Gabor Filter {2AYAERFT L - LUK HI Randen, Husoy #& A4
43 (texture classification method) ©



Image feature extraction

Transform and Wavelet Methods
J& 2 55— e texture analysis({E-4~[5] basis T HIFFHED) o ZATELMEHY F.T ZREBIHYE image BHATINIR -HY—MEH
Hil(generalized transform) o {H/ZEAEEEAE B (A7 - DL EIRAVFEERELE - RIS (NXN)E UIETR S (H MxM(SFLE Jpeg
HY M=8)HYA/IN » FEZEAM F.T.HISHESIHT « {H/E<Q> MxM size FESE (region) R BAE & L & —(EHEHALL FAYQE RT3
T2 R R -
Mallat F§ Haar’s Wavelet transform(as a means of generating texture feature vectors)3ff1 ° fii Unser 43T 8x8 Y
mask %%EE - Randen, Husoy | Daubechies transforms ji& mask size $£7}- 2 10x10 -

<%hEm>iE Wavelet transform $2{E 7 EE F.T. 58 4 [EAY 75 8 (classification for many samples)
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Singular-Value Decomposition Methods

Ashjari fi2 1 HH SVD HERHY texture measurement o H SVD 3 A S SR A —{IE (MxN)FE R (A) o] DA 73 ik
A=UZ:VT HAEy U RV 2 unitary matrix(;‘%%uuT =1 ) o T B2 transform [y Basis © Z HI &R singular
\AVARSY

values(AA' [y eigenvalues)4H & kAT A JEFHEA(E o
TE<ITE> FAE— K/ image PIEIEE MxM /NEBE LR ETRAYEE? « 4087 E: region texture Y singular values « 755
singular values if[a] uniform distribution» RIJ{E [E 2§ A 3= #5 12 spatial uncorrelated” ; 7 7 » singular values i3 [a] 8 57 (skewed) »

AIfEEE Y Z F 2" highly structured” -



Image feature extraction

Chris Harris,Mike Strephens “the General radial Hilbert transform and its application
to to 2-D edge detection”

1. The edge tracking problem

2. Moravec detector

3. Problems of Moravec detector & solutions

3.1 <sol> Noisy response due to a binary window function

3.2<s01>0nly a set of shifts at every 45 degree is considered

3.3<s0l>0Only minimum of E is taken into account

1.  The edge tracking problem

1f edge detection Z & fNIE - Bl 5L B 5 2 Y AR 15< H AE>ER R (contoun) BE B » (HIZAE T AIRY filter =
oAz P E R ERAR 2 (BRI Y edge AL — closed form(contour) » ik (v S RERE Fh— SRR AL
B T EtT (53 ¥ edge, corner FEHIFEEMEY curve)Tfi 2 £< H ffi>tracking edge connectivity

R (contoun) EELLBERIHI<FEE>Z AR B 1 -
1EEIVEELERS R A B GRS 2 1% BT E R AR R A (VB 7% - BRI IR /KPR B4R ER oK edge ifi
BRBRERI R -

2. EHLEL SNR TR/NI[ENF H o 1RZ edge 7E response function 455R1%JE #2307 threshold {5 detector FRETENL

F<figi > 2 W B REE P R BT edge 4557MH K corner LUK, edge Wifd > 5% tracking edge FEES S HH corner
& edge HEMIRY
2. Moravec detector

FIA<&aT>0975 2 > # window shift —ELFEHEIR SRR auto-correlation » KL HAEER -

EQUV) =S wix, Y)[1(x+u,y+v) =1 )]

X,y

E@,v)=Y wx [ I(x+uy+v)-I(x, )]

function intensity

Window function W(X,y) =

1 in window, O outside

Four shifts: (u,v) = (1,0), (1,1), (0,1), (-1, 1)
Look for local maxima in min{E}

Fig 1. Moravec detector [N#E B FUHEEDL
TR S PR H A (Fig 1) E(u,v)ATHER: » & (xy)/E corner I} » E(u,v){E[shift (u,v) vector J&IEHAYA;[FIHLAE isolated
point(noise) t & IEH A > {HZ(x,y)E edge IF{5 » shift(uv)E2wH U4 (tangent )RIEASR/N - PR FRFIBEAHIZHE edge
I corner RIEIFFMEA T HEFEF (x,y)F edge or corner[LE#EE min{E(u,v)}]
ZEE (xy)RE corner or edge Y/ B EE LB 2% F min{E(u,v)}ERELE corner Zedy/]N BT LUREE ZHIHRE] corner

FHIEE o 3578 Moravec detector 1B {2 1F 2 —BEKT37{E local auto-coorelation HYEEL = -

3.  Problem of Moravec detector
(a)Noisy response due to a binary window function([X & window function #EE{4%04275 1 neighbor FEZEAHRES < )

(b)Only a set of shifts at every 45 degree is considered([A &7 f%(u,v) 2 A £ patterns © )



Image feature extraction

(c)Only minimum of E is taken into account(: 42 H 3 E(u,v) i/ IMERYEEESE » {REEHER]"corner” ~ "edge” ~ "plane”
=REBSY)
3.1 <sol> Noisy response due to a binary window function
[R By window is binary and rectangular function,fiif LA 22 Noise response g5t Fl Gaussian 5 smooth circular

window M B (58

(u+v?)

w, =e 2o
vV

u,)

3.2 <sol>Only a set of shifts at every 45 degree is considered
»  Consider all small shifts by Taylor’s expansion
E@,v) =Y wx, »)[I(x+u,y+v) — 1, [ E(u,v) = Au’ + 2Cuv + BV?
A=Y Wi IZ(X,Y)
Xy
B=Y w(x,)I2(xy)
Xy

C=>w(x, V)L NI, (XY

=> w(x, y)[Ixu +1,v+0@*, v’ )]2
x.y

S AR e R 5 4 quadratic form TTLE E(uv) =[uv] M M M =2 w(x, y){,li IflzyHé ﬂ

3.3 <sol>Only minimum of E is taken into account
»  Anew corner measurement
FEZATHEH Tylor expansion 7RI shift FRERTRATE » F572 Rt E(uv)Ey MERYEEEDE - 1REEHY

H”corner” ~ "edge” ~ ”plane” = K Eh4y » THZAEMHIE —[ threshold % E # corner B non-corner °

B E M ISP ZIRECR 8 E(u,v) R/ NAYAERE - B0 0T M EVRBIE A4 4, FILUIal R b

40

0 4,

(QI<VHEFSEURE shift(u VIS - 5 A4 4, HHRA > TR E(uv)RE shift(u,v)ERER(A - H&38 EuvTRA > st
J2"cormner”HIFFEL -

(b)FIEE - & eigenvalues & A, —A—/INFf » FoE shift(uv) b — 8@ (113 E(uv)F) R edge” IR -

(c)EIHE - & eigenvalues A A, #FE/NEF - ForE shift(uv)NE L/ DERE 1S E(u,vIR/N > tHERZ"plane” FIYHRHE -

iso-response contours

E(u'v)=[u '|V']{ }R}(%ﬁ@?ﬁﬁ%? uv BERTE) o 5 BRtAIE

® Comer
7y and & are large,
Ry~ A
Eincreasesinall
directions

PN
amplitude of response function

R

Fig 255 B R/ NETRFR edge/corner/flat =5 Fig 3 T DLESIRE RS0 I E R R(x,y) 4T corner > R<O B HI|/E edge or flat ©

{HIR B < #5>15(H threshold 3 {47 - BEEH R =detM —k(traceM )’

{ detM = 4,4,

k — empirical constant, k = 0.04-0.06
traceM=21+Az} ( P )



Image feature extraction

Matlab E{Ef2F R &I & ImMaskProcess

BIE/MELE &I EE:
[9/41[9/5] i
HIFHE & EAREE):

E{E J7 7 &I/0& Display:

Rank (simple,med,hard) :

%}
Function [1=xxx(); %4 fEF#I( H1Z[GetEdge] ZE 4k [simple,med,hard])
%= — 0 1Y 25 (K = P B S B )

1.5 28 (im_from_user_1) %%

'''' SR FE
%=====test/debugl=====
%=====test/debugl =====

%="5 D M (RS P B ST )

%==E RIS
%=====test/debug2=====
%===== test/debug 2=====

%="5 — D M (B P i)



