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Abstract

In spite of advances in image resolution and film
contrast, check screen/film mammography remains
one of diagnostic imaging modality where the image
interpretation is very difficult. For the enhancement
of film mammography, in this paper, dyadic wavelet
transform is Introduced. An unsharp masking
technique is proposed and performed in wavelet
domain. In addition, simple nonlinear enhancement
and a denosing stage that preserves edges using
wavelet shrinkage are computed into this technique.
In this paper, we propose a new method for the gain
setting of nonlinear enhancement and show result
and comparison.
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MAYE  film contrast 7ZjEo] IHFATL
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QurA Q) image contrast enhancement WEEL oA
HiHEge FA4 Lo L& AE Jdsy] s,
2 olfe AAAAHY A=zAn 4 HRALY x-ray
729 o)z}l A7) WREoz ol AL oY mass S
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7717} &7] W&ol contrast 7} Wb, @A ol F
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2 ERdAE olzid WWEe AEFS
wavelet analysis & 7]%2 2 3t unsharp masking, nonlinear
enhancement, denosing technique & ©]#3F contrast
enhancement © tHE] LolErh EF o] EFA

nonlinear enhancement ©°f AlgEE  Haiulg
Z2A%7] 9 homomorphic filtering 714 &
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2. £&

2.1 Discrete Dyadic Wavelet Transform (DDWT)

1-D discrete dyadic wavelet transform (DDWT)Z
ALdslrl AT ¢3xES 0¥ 1 of wird. 9%
decomposition TZol QEZL reconstruction
FZojt}, N-channel TFZo] ™3] N-1 high-pass E&
band-pass channel 3} 8}1}2] low-pass channel o} ¢lt}
o2 signal 9 decomposition & N-1 7B2] wavelet
ATt st course signal & ¥&

2% 1. 1-D DDWT (3 level)
2.2 Linear Enhancement 9} Unsharp Masking

t}&9] 2412 unsharp masking 2} 93 4)olt},
§ = s(x,y) —kAs(x, y)
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o] orginal 2% 7} %2 resolution o TAHE
A Aolm © T84 UL AL g JieHE
ulo} Zrh o] original ¥4 & &FstE W2 Laplacian
operator o] ol averaging /'3& o] &d= Ao 7|
Et}. Laplacian operator 2] discrete form & T3 #o]
e
As =[s(i+1) = 2sG, j)+ s~ 1, P +sG, j+1) - 250, j)+ 5@, j-D]

=—S(s(i,j)——;-[s(i+l,j)+s(i—-l,j)+.\'(i, D+s, j+D+s@,j-D1}

o] A& discrete Laplacian operator 7} %4l point 2]
#L2XE 1 neighborhood 9] FFE "MWLRH
ogd 4 e AL RAEh ol¥A FHAFE AL
thg3 Zo] vehicl

5. J) = st )+ kIsG, )~ s, )y*hi, p1 D)
A71A i, j)= discrete averaging filter olt}.

t}2  linear enhancement 2] S¥I 2=
1250 2N Gaussian lowpass filter S 7} unsharp
masking ©| enhancement & & dyadic wavelet
framework ol TFE 5 YtteE AL FHF}. 0<m<
N-1 ¢! channel 9] transform AFE°] Gy= Gy> 1 ¢

2 gain 2 enhancement S 1E& o system frequency

response £ CH&3 ot

V(@)= NZ_lG,,,C,, @)+ Cy (@)

m=0
N

=G,Y.C, @)~ (G, -DCy (@)
m=0

=G, ~(G, = DCy @)

=14(G, -H[1-C, @)} @
o] o system 9 input-output AL o-F3 gk
§Ti) =i} + (G, -D{sti - il ¢y [} 3
AT )AL vud ¥dE 2L form ¥9& ¢ F
Qlth, 2222 unsharp masking ©] dyadic wavelet
framework o] ¥3F& AT + Urh

2.3 Nonlinear Enhancement

234 linear enhancement = strong edge S-S
Zaste Aol dorv] o] A3 display screen
3ol A dynamic range & Algo] wlEEHo=z gt
0] 22 mammography NA F2F vlA feawre 9
AL n oygA HECD aPM o] EAE
#:AA3L7] Y& nonlinear method S A}E7c). linear
enhancement = linear &% En(x)=Gnx ol 2§ wavelet
A4E9 mapping ©lth linear enhancement =F-H
ARHA &AL g 7l€HE AANY nonlinear
mapping &S o] g3t Aol

linear enhancement 2] 73, filter G(w), K(w)2] A &S
Aol olE wEA o I¥Y nonlinear
enhancement ¢ 7%, filter &) A=o] AAZFHQ 847}
"}t 9714 filter G(w)Z discrete Laplacian operator &
Ao} =

discrete Laplacian operator = ©}-& filter °l

o ojgd & Ut

G(@) = —4[sin —Kg-]z, glnl={1,-2,1}

1‘"”(‘3)"2 __ 1 Ty
;[COS( )

_ @\ 2n —
H(&I)-—[cos(z)] , K(@) @) 22

Nonlinear enhancement &+& FTA3H7] A3 A2
o= Zo.
low contrast ¢ % %o] high contrast 9] xR}
enhancement ¥ ojoF #el & w,li] o TS #E ¢
& gain B0l AR Holop 3t EF sharp edge T blur
slojxs <kdrth. oo}l ©{dte] enhancement ¥Fol
)29 A efol up&ct
1. 2239 ITH Y& WIAIALE 1 MES
FHE HEARE &7 Y% 924
2. phase polarity & B.E357] ¥1% antisymmetry,
E(-x)=-E(x)
o] ZAES

57} obell gleh

nEA 7 e FEA linear

E@)=x-(k-DT if x<-T
Kx i XIST
x+k-DT Jif x>T

T 0]3+¢) max{le [nj}el &AM 2 wavelet Al gain
Ko7t F3

t}& 0 2 nonlinear enhancement S|4 F 483 5+ 71X
gzlujel 2 AAs7] 9 Hyge oldg #roh

7} level m 9)A] enhancement operator E, < F 7}
ste}ule] threshold T, ¥ gain K, & 2=t 71&E9
A@AM gain & level EHol disi e o=
HASFEY, d7IAE gain 2 AT UoA
homomorphic filtering 'd& E¢J3te] 2RsHe PBL&
A Fgtck. homomorphic filter F4-9) BHEE ¥ 2 ¢
Z}.

H(u,v)

> D(u,v)
2% 2. homomorphic filtering A &lo]l A} &3}7] YU & filter
g4 GHE Duve gHFo2REH A
A0

homomorphic  filter & AFTH 3EE
ZAaAN7In nFn AEE FEA7E AP glon]
ole}] A4 dynamic range ©] compression ¥} contrast
enhancement ©1Th 2228 o] & filter T4 Aol
we}l Z+ channel 9] wavelet A5 #AA gain
AAFT, 15339 channel o] Wi © ¥ gain
B.ojste]  homomorphic filtering ¢] E7E F&th

T, € o&3d & wygoz AHAAHCh weak
feature 52 enhancement 37] 13l threshold T, & t X
max{wn]} 2 A= G7IM « & 0 3 1 Abo]|
Welo gtoz ARG} Level 52 T Lt #E
AAgdozH MM scale EolA wlA feature Eo}
#37F 02 enhancement T T}
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olgA t g AFY W BE level o] U3} &S
gro=z AAT A9 enhancement HE AFEo] 39
level(AF3HE ¢S QA Foldth st YA
%% blur EF7F 2A vepdot oA E A ARE
G718 + g Ty e FgHoz LA}
Z A Fsto] et channel AFEC] s o] F& ¢t
#e Aoz AFH ARl A HIdHE A
o} A image oA blur EHE Folx, nF9
channel AFEo] 3] Bk 2 t & 4R edge &
enhancement 3T},

2.4 Enhancement °} Denoising B3 4]

Low-pass filtering # 7FQ! denoising 2] &bt

WY & dyadic wavelet framework o AFAXY A E o)

o] ©<3] high spatial frequency 2| B2 channel 52
A £}3t3 lower frequency 9} channel &4 enhancement
8l Zeolth o] linear denoising approach 9 ZR-®

FAE edge Eol 4923 blur FHo] contrast
enhancement ©°f RAF5A HE ZAojth edge &
H&E3E  denoising & FH37] A wavelet
analysis o 21tgt ¥ Fol  nonlinear wavelet

shrinkage & A}g-3l=d], o] &38lEE level-dependent
threshold & 7)1&0 2 3t wavelet AFHEL zero
Bgog A E Aol

Wavelet shrinkage o1 7|9t denoising @Al
X F7A 9 enhancement Y IE|Fl FAHA £ Ut
nonlinear enhancement 7} Laplacian Algeo] o3
F8]ojor FTZ  denoising = U enhancement
gngFol §x7] 94814 Laplacian operator & 5 719]
cascaded gradient operator 2 2] &c}.

G, (@) = —4sin(2"' @))*

=[e""G, (%-)][ejszd (%)] if m=0

=[G,(2™'@))* otherwise

G714 Gy(w)=2jsin(w)

wavelet shrinkage °1 2] & denoising & 1@ 3 of
veld AANY o] P2 XFE F 3l

C(x) =sign(x)-{4-T,} HfXI>Ty

=0 otherwise

Ga(w) 7|-ZI_.> Gl |_.| E(x)

1% 3. enhancement framework | wavelet shrinkage 23

olFA FEA linear FFE ©R F/HEFAU
shrinking operator & MBFOEHN oy dF3
TAE 9% 4 9.
2.5 Two Dimension &3

digital mammogram & A& o] |-D FZRoA

g3 2D 2 #BAYET o974 Malla3lol 93]
Aotd WL AAPEd 2P 4 o vEdg, TddH
g3l Eyxoz T WA wavelet AFE
H3tA  wEgdFe] YyehdAd o AAHezm

EXL o] AHEL pradient A2l F7]o] denoising
operation & AH&3lxn g3 YA 1Y 5 oA Kol
A Laplacian A5-E9 ol nonlinear enhancement
operation & H&gozH T £ g}

G2a) G(2m)
Gaa) —— Gaw)
H(l&)ﬂ(?ﬂt/)'———b"(zu)ﬂ‘(lm,

1% 4. 2-D dyadic wavelet transform (2 level)

Hiox) H(ay)

% 5.2-D 7 %2 Denosing ¥ enhancement (level 1)

5 g el  gradient AFA wx, 3 wy, &
A28+ magnitude M 3} phase P = Z+Zt M = (wx® +
wy? )2 | P = arctan(wx,/wy) Aoz AAidrk o
) denoising operation ©] M ol AL n M& deth
Denoised A5 ZHZE wx,’= M *cos(P) , wy,'= M"*sin(P)
2oz EQ9r} enhancement operation )4 5 Laplacian
84T Fo] TWAIEZ S = wxtwy, , C = wxy/S
HO2X ¥ Laplacian 8289 & AN F Qo
nonlinear enhancement operator = 1] @3z § o
ALY § & g}l oA F B99 2282
wxy’ = S*C , wy,” = §"*(1-C) °] €t}

3. 4¥ € dx

A¥o) Algd W9 film radiograph £ MIAS
database o} 4] X&) g 256%x256, 8bit quantized image 1T}

3% 6 & ALA2 #H¥(image W $F 3ldol
)& FF38E digital mammogram £ ¥ ¢ich

a9 6. A4 HHE T mammogram
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oy 7 o 4%2 AANY WEE IFee
original mammogram & Xt Y 7 ¢ LEHS
71Z9] nonlinear enhancement W& P& ZAAES
Beltl wweo]l FZ7} enhancement EH Yot HAA
image = blur @ P2 Bl

original mammogram 3} 7|&2] WHo®
AXE image

a¥ 8 & 28 7 & 2L image o] Wis AL
o] o]g nonlinear enhancement £ £ AAE
Bk, Q8%2| enhancement ® image © 7]&€9
uralo] A homomorphic filtering 7Ado] <Jste] LA
Baoz gin HeE|EE HAYT Aoz PHUEY
Tz FAAEY &%e) (AW, A 2o ¥F ©
AAEAES AT 5 Yotk

Iy 8.

original mammogram 3} A|¢E WHOoE
A E- inage

contrast enhancement 9] AFEH =AE contrast
improvement index(CIT)ol o8] olfg # gt
CH:Cproccssed/Corigianl ai7 ]ki Cprocesed 9} Corigianl '\% Z}Z}
A2)Y  image 9 original image oA BAUE
ggo A9 contrast FECITE. A7|A  conwast T
Morrow[6]o] ]3] T contrast & R E AlL3tn
ol (fh)(t+b)E AHoEh A7A f & image oA
NAAQ object (foreground)®] FT gray-level FolL b
= w}73d 9 (background)®) BT gray-level #toith.

oo ¥ 1 & IY 6 2 original mammogram
s 719 Wala) Agd WAog g e
A%E vErd Aot}

¥ 1. contrast 749 AH A

Original 0ld Proposed
Contrast &t 0.0627 0.1615 0.1942
CIl . 2.5754 3.0976

original @ original mammogram

old : 7]& WAo2 /M H image
proposed : AP WAoZ AMEY image
CII : contrast improvement index

E 19 AFINE & £ 9 w9 Qo) A
ol g @Ik A& wEel g Ano
28L&+ A,

4. &

wavelet analysis £ ©]8 & multiresolution TH2 2
mammography 1 4] Q%) feature 2] local enhancement &
PPt 72 £ T multiscale image processing
208 Zo]l olg image contrast 9} enhancement
1€ <1ngFEe A ARY ¢ $5Ed E3
o]2] % nonlinear enhancement method o B3 AjRo)
At o] o selvjglE AAste dge] o
enhancement 237} 82 &y 4 o)

FFHOSE  mammographic image processing 2}
25 JddFHoez FaoF feature 2o THAAAR
F7M 7 Aotk wWelA  olEg udFEY
AeHrtE A3 d4A Frprr olFojAHok ) EF

€ dugEEHY AYstY B $4% enhancement
2 #\d FE 8L M2 F JYEF s AT
Ha ol & Aojct
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