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FA1: 3 7} A (Evaluation Problem)

1% /\]')1\3]“9] '{[:Oaj 0:017027 ""OTSJ’]— E—ﬁ—oﬂ A:{Avaﬂ'}7]' ‘—’Z—-O%ﬁi—%— qu, P(OD\)

|
X
e
_O|L
rr
-

A

T A2 3 = & A (Decoding Problem)

#Z A 9 0= 0,0, ...,0:% 28 A={4,Br}7} FoAAE& o, A%
=9 A FE Q=ai,q...ars Fe A

E A3 : 8t & A (Learning Problem)

POIN7ZF AUt e 255 A={4,Br}9 EFEL FAs= 24

18] & (forward algorithm)oly 33 &8 & (backward
algorithm)& o] ®3&to] sjlAdstn, FA2= vlgH] <18 & (Viterbi algorithm)o &,

A3 HE-9x g8 (Baum-Welch algorithm)o 2 3} 4 3+t},

223 &dnzmx mgo A7tA 7|EFHe Ao A2 W
2.2.3.1 H7F A9 12 v+

FEH FE Q= qqo -5 gp©l TAEC da AAE B2A aEgH JEHSE

of WAe 4 2413 2}
P(0| Q»/\): bql(Ol) ° qu(OQ) ¢ b‘lt(OT) (2-41)

agla Fojx B

ogh
ols

Fol el =20 dojd FELZ,

d

P(QIN)= 7 a

L] L] L] a
4 ‘11‘12a(12‘13 qr-19r
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olth. & A AelAel B A 0% 4Hl QO 2T FEL 0% Q7F A A
gre Az S9dolth mepd 4 2-429 o] ehd,

P(O,QIN) = P(OI QN P(QIN) (2-42)

adEe Fojd BY dho] 07 Yol FEL 0% Q9 2F FEO Foz A

2433 o] eI,

P(OIN) =Y, P(O1 QN P(Q.\) (2-43)

all @
- E ﬂ-‘hb‘h(OI )a‘h‘bb‘b(O?) c e aq'/'—lbq'/'(OT)

G192 -5 47
919 A& o] g3te] POINE AN 49 QT-DN'/HS F413 N'-1719] 54

ol Aastth Wk F o EE&AY ALdE 7] Ad A F2 FF dads

(a) A3 L F(forward algorithm)

Foixl 2 ol tAA 74X #FE Ao o] wAsta AFEHIE Sl =ed
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| 7 N(N-1)(T-1)

J

-
w A

up

o] ALk #FE N(N+1D(T-1)+N

jra
o

1r
U‘_
ZH

B3
™

of
ey

H, {5,881 A 7AA ek (X)Y,Z)el Al 7HA

=
=

o &

Sk A},

o] A9

4

3}

EE
=5

N fen —~|en
—|lm o —|m

o —H|m—|m
-

I
~

—~

o

G5 2 2-449 2o A

oy

(2-44)

P(OIN)=P(X.X,2|5,,8,5,)+ P(X,X,Z15,,5,,5,)
4+ o« P(X,X,Z|5,,5;5;)

g

o 2 2-45

ot

= AA

=
=

.ﬂo

A=
N

o A =

¥
)
)
2
w
S
S
w &
S
TR
X
2
2
oy
N
~
=
Y

,_._mo

!

X

o

il

ZH

~
Mo

!

_~

(2%3-1)%3°

ekl Sl A =
, 2713 @A ol A

aeE2 A 2-455 AL

2-47%

Al
=1

REE Ao A =

S
=

2 2-46

p
L

hal

o

do

o
=

|

oW

o

~
NE

_18_



0, (1) =mb, (X) = S L= L (2-46)

oe2(1)=(2041(z>%1 bl(X>=(ixo+ox +ox§) %z (2-47)
i=1
< 1.1 2
ag(z)z(zal(i)aﬂ)bg()()z( X = +0><0+0><—)
i=1 4 3 3
RS 1 1.1 1\ 1 1
a,(3) = (Z_Zlag(z)a,;g)bg(z) (ox FTOX o+ 5x )x E )

3
1
et P(OIN) = Y a(i)= 0+0+ —= —27} frh. adez A% dudss
i=1
ALESH AlAbEFe]l it Wy dugsd fFAMG WHHoR I3 dudgFe
Ao & 4
(b) 3 ¢ 18] F(backward algorithm)

Folxl g3 A FE QrF A, tr1IA H ol A FE wpA e A 7EA]

BH Age] sdol MAT HE, B()E & 2ol 4ot

/87:(1) :P(0t+1’0t+2’ ) 0T|qt = Qm)\)

a8 Bi)= A 2-489] WHEFHS Fe I

— %73} ﬂT(')* 1<i<N (2-48)
— s 8 5t Eau ' 0t+1 5t+1( )

j=1
t=7T—1,T—2,--,1. 1 << N
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)
fd
o
—>fl—'
W
)
bl
)
ox
£
o,
P
N
o)
Mo
15
)
=
~
03
=
~.
)
o
fru
N
)
ox
ol
i_;l
o
=
o
<)
St

11 11
A=155 P=5 2
11 11
2 2 2 2
wok wE Abgel Soo] (XXYV)E RaHtd Fold 28 sl o +Uo]
e BEe 4 2499 ol AT
P(0|)\):P(X,X, Y, Y|51751751751)+P(X7X7 Y, Y|51751751‘52) (2-49)

+ o o o P(X,X,KY|SQ,52752752)

A4 B 219 sigle] Baste, 2 tile] FES Adsh=d 4 2-508 5

g},

P(X,X,Y,Y]S,,8,,8,,8,) = P(X]8)P(X|S,)P(Y|S,)P(Y1S,) (2-50)
x P(8,)P(S,18,)P(S,18)P(S,15,)

aYER A 2-45% A I E 43-Ds2'wrF ] Falel dasit ¥
Gn g 29, 2713 GANAE A 2518, W dACAE A 2-528 747
T3

,84(1):1:[34(2) (2-51)
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A E A= B R &g & (Viterbi algorithm)S E3) &) 23k}, vl g H] &g
Fe Folxl ¥F Aol 49 dol g ¥ FES 2 Y FIS Fe ¥
=

] Buel A7t s,

>
&
(o))
w
X
m

(e}

max

- G1,qas qtilp((th?v'“ qr — 1, 01, 02,"',0t|)\) (2_53>

6, (@)

aew e g

Je
+
o
offt
:O{:'
4
et
k)

— x7]3 &A
61(1):7.[-1[)1(01)’ 1<:<N
¢1(i):0
— HHE T A
(St( ):1 <H17;a§ N[(Sffl(l)aq‘,j]bj(ot)a 2<t< T, 1<j<N
Y, (j) = 1a;g;n§xjv[5“1(i)%] , 2<t<T1<j<N
- &5 A
* max
P=1 o< ylor]

x _argmazx .
ar=1 = < Nl07)]
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N
N
w
w
o
)y
3
N
Lo

1 2 v} ot
BHE-9x <18 Z(Baum-Welch algorithm)& A}§ 3t}
2 AgoAMes Re-9x dugF5S o83t F5AAd g &Y nmx
Eg o v HE Fak

tA Aol A AEZE Sioll $lar t+ 1A el A AFEE S5 dolE gE L)),

& i,5) = Plg, =S, i +1 = SJ| O\ (2-54)

o P(@t(j)azjbj(0t+1)ﬂt+1(j)
gt (Za]) = P(O|)\)

7} Ao a2 v,6)8 gga o] Aeogi

a9l Y4 6)E A SERYH 02 AHE doHi: /disE vehya,
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(2-55)

-

~
N

P(OIX)> P(OIN)

Mo

rvze]

B3
N

Eiasy

= 4 2-56% 2ol A9

~
T

»nz 3

of

(2-56)

)= P(Ql O,\logp(0, QI V)]

A

Q(

Q

2 84 2@ 4 dvt. E ¢ (expectation step)= H

o]

N

o] a2, M %7 (modification step)+ HZTI+E

N

rviel

1l

I s olfar, ol ZelA AHEHE HMT

9]

Croused]

M e

o9

Tz
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Al

o

skl 7}

o] &

=
=

Markovian 9 £4 <

!

ol g3te] el 2

3 (82)=

E
=

2.2.4.1 ¥ 7}$-A

A A

®

"
Gl
o

|
&

23, 2 7

1l

A gk AHA

jr
o

ol
W
"

H

= Abdel 27

I MeE gy

iE3

B WS SE{SLIet 2t wio A

0|
&

7H 7= Sif

il
X

T 8

Fol] A]

o
Rl

]

(pdf: probability

At

hya
ar

2 2-573} 7ol

=
=

density function)

(2-57)

)2}
a8 2-6(a)ollA B ¢ 9%o] zero-mean, low-variance 7}-$-A]¢t pdf

(z—p
207

ea:p{—
o

1
V2T

g(xsp,0”) :

L
R

SH S

(2-58)

flw;] 5 =8)= g(wz:OvUQS:z)v

zero—mean,

7

2

2

o; > 0g

=3
=]

2

A

e

2-6(b) el A

™R

1
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high-variance 7}-$-A]¢t pdfel Y Astx 2 2-59¢F o] ey},
fw;| S =1)=g(w,.0,0%.), (2-59)

Fu REUEGS flw)E 260 B 5 9

Bk gl%o] AR Wxo] pf=1-ply

A convex Ajrol o 24 2-607 o] Fgtrt.

fw,) :p;gg(w,,;:(),JZS;,;)+pfg(wi:0,oi;i) (2-60)
p(1) p2)=1-p(1)

Aw|S=1) ; fiw|S=2) fw)

0

W — | W | b,
(a) (b) (c)
a% 2-6 H7FSAIRM 85 (a)

: zero-mean, low variance 7F-$A] ¢t pdf
(b) : zero-mean, high variance 7}-$A] ¢t pdf

(c) : 29 pdf

SE A% HE AEFF FU @4 A 2-6l0lghw A
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(IM:Independent Gaussian Mixture Model)- 2+ t}

o)
=

2

) s E o)A,

zatol els

L 2
Di> 0500

Asvg B84 {

L (GGD : Generalized

Zero—mean

=
T

A

P
T
Gaussian distribution) & 5§ ¢

14 E A

9]

o

AARZ GGDE 7FA

o

g ey $lelA

Z]
A

ZhE W AL

=
[¢]

oA gelel 5t

e
N

!

A

-

o
iite

ol
=

ol

ol

;Ot

s

b=
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T
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-

o

=

S

A 1A SARgEO =
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o

&

oy

o
T

2.24.2

29 =7

ofp
I

1l
W

=
B!

—_
o

e
a

oel 4= el Ale] 7t Markovian #

al

el = A7)l

3w
A

=2 0
=

o
el

ol
o
o)

ad

ofp

3

BER

I

Z+o

= 12 Markov EA 1

I
T

bk, HMT

o}
=

=
=

o o

A 9l

=N
=

o] AL 2f 2-791A

=8

)
yjr

=
=

A EdH A

A9 A2 o)
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7k Rmol A aFe] Alole] Haye pft=1—pif pl =1-p 3 @A A

] o] 3 (state transition matrix)S 2 2-62¢ zZo] et}

Bt

_4.«—"“'.
s

\
==

a2y 2-7 doj B AFY H=-Eg HMT +%

_|Pi P
LIS L—L
pi D

(2-62)

§—>8, 5 L}

stebdl e p? o (pf ) B E A w PR A(E)HE ge] FoiA s o

Q9 AA mE Z(A)E 3ES persistency FEola s plietpile
S5 AH ghol v 2AdelA va 27

A7tA ®std FES Uit EgE TElA AEHE i E Asvr Za

o =, pi 7t > pi i

flo

novelty &&olz FEt}. novelty ¢

rot

2 #e HAE AL novelty Bt} persistenceE U ST

7] A g9 3k Al (spatial support) SFEoll wkek ol X7} Qv oW
e Age A3, 35 oA HEAS} o] tejdE V1A dE vEdY 2
A= Aol sttt A thaf = Algel] s &b Al <ol A 7] w ol
FAER NS o2 Aot a8y vl = Age e gald = 71 AT
uj

AZHE B FBA F A AA} AvkA AZ gk A dA )
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(a) (b)

(a) Hel g Ed Atolo] w5 (b) Bald= E <tel vis
29 2-8 HMT 249 v

2244 &9 vt3z = Eg ¢y

mN

HMTE Eg F+%3t¥Yl HMM(Hidden Markov Model) o]t} 1822 HMMY

Al 7HA B Al HMTol sdatA & 4 8€.

Likelihood Determination : HMTE tsiA = Ao 2% & ¥x 342 93
mdolxwt f(wlg)Fehe FAL AHeA vk, B33 upward-downward &
nYFE FolA gaAE A oY vmz E7 ggugES 89 f(wl)

Atstzl $1g 14 O(n) el Fol At

o

State Path Estimation : WA E A9 nd g7} Folxtid w= =
g gtolld Y A5 G55 24T 5 i, upward-downward ¢ 5o F
MBS olgdtel BAW taldE Ase oY A ¢={5Lbel AXE I8
p(S,=qlw,0)& A >

osi A s A},

Model Training : %2 A3 <¢toja HMT =22 3dE 0= T2 st dlo]

ATk, oY Ao AlEA EAE Viterbi ¢ard &9

2

Bl e T &utA Hu a5E A g5elA orlEe b /AR 08
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rlr
o

S _argmax

9]‘[[17 0 f(w | 9) (2764)

a

o

u
R

FEe g2 4 gl7l Wil ML(Maximum Likelihood) 4 & 24
L Bl

2
)

g 2x god A5 BA 5Y A

rlr
sl
flo
2
ot
£ 4O

EM ¢1ug&e “2y dolg” EAEZ 402 23 =d stgvey
27 222 09 8 NAsx, 1 o FM trainingS o] Ellog f(w,S10)] w,6']
S At} o] ©dAlE “E step”’olg st Z|WAE 27 YA upward-downward

dngEL olgatel A FE p(S =qlw,d)E Adae Aot Ao T& M

step’e 071 S A58 A8 o'l seeE S A Fee 2R w)
Fol Ao w et FAEY wel [soool® ¢ likelihood #4 f(wl6)]
B Hoe] 2@t EM 228 %E I7% Om)elth.

2 Z & hill-climber7} A2 2 flwl|h)e) 5 H ) (local maximum)ol A"+ 5
2

fd
i)
o,
fols
A=
il
o[N
ol
o
~N

2o H3E e R A o

ok

HMT

AN WA LA G0l AH A GH xE F

oX
o
i}
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(2-65)
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To-

18

0

23 A AHF

el fudE e A

5]
=

EE PR

pull

= gAY ALY

A}

3

]

2.3.1 t

O E REELE

o]

o

rvze]

X

A7 244 22 independent Gaussian random variance©]2}il 7}

T
a

)

22 stationary independent zero-mean Gaussian variables®

PEeln g

9]

AA0n AdaA. o

>

3)

el 9

o A4 A 2-692 FolHt,

(2-69)

Yij = Sij T

N

~~

o
B

o

o] 7] ol M

undegraded image®] A4 & WYEFWA AL, n, =

[

S
S|

qkok noise sequence’} =9

0|

fuy

13 tFaf A= 9] decorrelation A 2 o

b

3
s

£.2(s,; ;)7 uncorrelate ¥ vkl 744

A

|

o

Ak

o 21},

2 2703} o] F

2H =

o 7ol 91

N4 s

]

]
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Es?

0]

ai,]' - W (2770)
ij

Sii QilYi

o7l A s, = AF (s, )9 Ao A

E{s} )= Elyl,}- o) (2-71)

Aurdg el 4 glol, $elEe Blyl}e yi,9 squared value® (jel FHE E

windowol A B el 93] 449 & vt 7rACT. o] ARE A 2-72H4FH

R R
Q= D1 2 Uiwy» M=QR+1) (2-72)
’ k=—Rl=—R ’
Qz,]‘
qui A]

g A Blyl =g 0 Aa aeee
E{S?J}: 4~ ol (2-73)

2 A, 9y WE AfE 42749 2o mEAT.

a; ;= i Tn (2-74)
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O)ZJ/,‘,‘]‘ (2-75)

L {g;}= 9749 A arns 73 {4}

2.9 WEE 1 F A2-76% o] dgH)
~ max(qﬁlfoﬁ,()) —~
V)

2.4 AT JAoA 7|E FE AA I
2.4.1 dolEA =&

%A (wavelet shrinkage)® o] Ab&¥ 5o 44 o
dE oAb ol WEst Feo dFEE dojEd AR xddEd. 394
Aol Ao gho] of® Fojx ol Al gk (threshold) Bt} 2} o
of dFats dolEd e dAsstE WHolth Wl oA HFE= AFE

< gt ow ARG Aol A7l wEel HwkE o]t dojEd W 94
]

ra
o
o
fetl
il
ol
ol
ol
2
o
oo

- AP ol AA" 9ol By ZA = dAs 7IW(hard threshold
method) ¥} AZE A3} 7] ¥ (soft threshold method) 2 & YUHE=dH), = o A3

IS ¥ A7 AEE] AAFHAE o] "ol &d(lossy) daElFoly. 1
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el
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E dAs ¥

]
<4

9,]

™R

it

=0

171 &

<
4
N

ofp

N

o] 7]

o

o
_ZTI
¢

iyl

o)

o

Aol

AFEe QA%

o
K

el
N
Ul

iy

ol
ild

jazel

)A

)
of
Nfo
o)
wAO

fgnz
OO
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Wl AAS F AL gEd 2k (wr Aol &Y As, T GAR)

st A A3 71" (Hard thresholding method)

YiT wy, Iflwl= T

(2-22)

13

A2ZE YAF 7B (Soft thresholding method)

: {0, Iflw|< T

sin(w;)(w|— T), Iflw|= T (2-23)

[3A] wiA o2 AASE AT E

o

I
e
riot
o
i}

dAF 2A w

ol

sl A LEPF el A9 =42 98 % (estimation risk)E 714 H A3 A7) =
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7t7 Xk‘ =t
X)) =0,(X) - X, =1—X,, —t=X,<t (2-31)
t, X, <—t
d
Ig(X) Il = Emin2(|Xk|,p) (2—32)
k=1
d
Vo g=— El[*p‘p] (X;) (2-33)
k=1
ol oW MY z=ug,.., 0% A HI

4 2-30& frESE 4 2-340% A7A

d
SURE(psz) =d—2 « #{klz,|]< p}+ D min®(|z],p) (2-34)
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=d+2 « #{kx/> p}+ D min®(z],p)
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vy, || %= .
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A Fold e z={r;,..x,fe FA AV=E AT F UA=F 4

2-35%} Zo] Aefxt,

A=argmin, ., SURE(t;x) AR g (2-35)
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Prob{ I (Z) | - = /2log M, }% 1, n— oo (2-36)
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A et ke dAGS A 2-373 ZT)

p=+/2log, (Vxlog, (V) (2-37)
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9o AEE weshe] 2AAYTE PAGE 4 2389 2k on Foo EE
A% et

§=pxo (2-38)
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g xFAA FAHoRZ 2 2-399 o] YElT

_pX median(ld'])

o 0.6745
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ABSTRACT

A Study on the Digital radiograph Image
Denoising using Hidden Makov Tree and

Wiener Filtering Based on Laplacian Pyramid

Park. In-Sung
Dept. of Biomedical Engineering
The Graduate School

Yonsei University

In this paper, we proposed Digital Radiograph Image Denoising using Hidden
Makov Tree and Wiener Filtering Based on Laplacian Pyramid. Anscombe’s
transformation uses to adjust the original image, corrupted by Poisson noisem
to a Gaussian noise model. We gain noise’s deviation by Mean Absolute
deviation method. Also we gain Hidden Markov Tree parameters and Wiener
filter on the training stage. Finally we denoise Digital Radiograph Image using
the Hidden Markov Tree parameters and Wiener filter.

We used real Digital Radiograph Image to compare wavelet transform and
laplacian pyramid transform using proposed method. Processing time is 32.97
second using wavelet transforma and 12.33 second using laplacian pyramid
transform. We compared proposed method (HMT-Wiener), Hidden Markov
Tree method and Wiener Filter method using laplacian pyramid transform. The
proposed method achieved 2~6 dB in SNR better than the Hidden Markov

Tree method, Wiener filter method. For the phantom Digital Radiograph Image,
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proposed method reduces more noise and improves image blurring effect.

Hidden Markov Tree, Wiener Filter, Laplacian pyramid transform,

Anscombe’ transformation, Mean Absolute deviation
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