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(Image Interpolation Using Hidden Markov Tree Model Without
Training in Wavelet Domain)
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Abstract

Wavelet transform is a useful tool for analysis and process of image. This showed good performance in image
compression and noise reduction. Wavelet coefficients can be effectively modeled by hidden Markov tree(HMT) modelm.
However, in application of HMT model to image interpolation, training procedure is needed. Moreover, the parameters
obtained from training procedure do not match input image well. In this paper, the structure of HMT is used for image
interpolation, and the parameters of HMT are obtained from statistical characteristics across wavelet subbands without
training procedure. In the proposed method, wavelet coefficient is modeled as Gaussian mixture model(GMM). In GMM,
state transition probabilities are determined from statistical transition characteristic of coefficient across subbands, and the
variance of each state is estimated using the property of exponential decay of wavelet coefficient. In simulation, the
proposed method shows improvement of performance compared with conventional bicubic method and the method using
HMT model with training'®’.

Keywords: |74 B3t &4 v2x Eg 249, F3, o &4

I.M &

EERRE R LT LR
(Dept. of Electronic Engineering, Pusan National

University)

T ALY, 2oy HEFNFE G B GAE gdEy] 93l 7€ saE A
(Dept. of Information and Communication, Miryang ol HAT S AYstE 7ottt LY 94 Bt
e & A" s, Aad 2L O9Ad 99 95 oA
(Researc,:h Institute of Computer and Information g AJeYE 58 dAE I8 dAF WYY wER
and Communictaion, Pusan National University) O FQA0) AX Yot T3 A B7He vy FA}
SDTRAR L 4G & Fb G40z WBSK deinterlacing ] 1t
AUk 2004939159, FHBE A 20046039 el ol Asfds GFeRNE & Ao aHYE o

(459)



32 golgs! daoM EH gl 24 02T Ef 2HE 0j3% I 22t ¢35 9

& wH5o] W+ superresolutions Z T TS #AHE
9u

kA 0 &2 x{sﬂALE q;qeq gare TIAE 34
)

Bz
BofllAe] Fag A7 FAojth. EDI (edge
-dJrected mterpolation)”&‘?éMJ% X g ¢ @
g whgolrt, o] WY o
XIE o] s o}Xl T & o9 artifatgEx 2ol
u]-_‘oi L}]‘— 1:]-}-10] o]ou:] usq.z 9_] /\-1‘_—:5 ‘gi %X]
¢4}, NEDI(new edge-directed interpolation)® #-&
A48 A= Ao FE 499 FREE HaAs
“‘oi AR5t o] ABLE TAE A9 F}2E
A7) A% THEAR AR o] HS AR
°3*Ur RHFE G FRAET B ZAA B3 4

of

E7b 2e d2A REoit 2FE dAdMe o

Aol o8 AGox FAL B W
o] AHAGI gojBal GAeiA G
gol2a Gde] 3 Rojge Afe A7
g #3%E Aoz B 4 A0 Careyol 93
PO = gojBal AF7t AFs RojgdA
Yl _,_;Ho_d' oz 71-01] [q,g]. 7(]/\2403 7L/\~3}.‘L:_. I__E'_/\g
ol g3t A4E FASAT o WHE JdAS T
AWsA @ g A5E B 54
Aol e F D9 AR Bid o
Me 2 @x e ddo] itk Kinebuchiv &4 wl
22 £ 2 AH4E PUe Adstlh o) ¥

3]

= —

2
it

-l

ol
12 R

)
of =

£ 9 bicubic Y 2& 71E9 w7 WEE g
AR G¥e welFd ae} oY Maz Eq B
REe

do] dengES 53] -,45]]1\1‘- 8 9
g ¥4 3‘+7<4°l %‘ ﬂt}. T3 TN Febu g S
? o] 2% A7

2 ox B -l

g 7hes 3 2o RE A dde 74 AF
o @7 wel AAHH FE o] FEL dolEd
Add 29z A8 =47 o8 v A&
. 7 A 72 E£F 2o BAELS o8
A A3 Ak BAE olfatd] dY Jo=F
B 3R ojgA T g HEERH ”"‘éﬂ
2y nlax B R g fAol i%ﬁ“ ¥
U, 48 9] 54 o & ugddke &
A WL B AHA 7]E9 blCubIC
Ugt F4 S AR e 24
43} Kinebuchi®] Wxt sjA€ PS
WAk =3 FHAHA HAAR 7]&
2 A4S HAFYr)

B =Fe E}%er 2ol 7A4E itk HA
A ol E3 dGA &4 vpax EF Edo
t}, olojA MAXE At Hrgo] e

£ R4y d3E Holu VAN ZE

Z.i

05‘-:
i1 o2 ©

_F_'.

R

1Kl
o 1z dz 2 °
Lmlot‘-?.:;gr
oox o £ ooy

M ofr
2
=
=

o %
Z ox

A}

===
i 2

, 1
| &7
s
123

A

=
A

m\o
rlr

el
=

II. ¥iojEx ¥Yuie 24 nii = Eg| E

dol & W 4L o MY FUFHE Y
oA, 7zt FgEL A4 ERE Far dge &
A& vetdoh 28 194 £ F e vk 2ol 7 F
o] AFELS e Fd9e #3 AXd de AF

E7 BAA SdAA 2T BAE BoFH ol

3 AAE A GFolH JZE AA EetdlA de o
£330} ity 2% 1A 3] Aol dis) L Al
HZ $l9 AFg BggdA g AR e ATFE
1 A9 B2 A (parent coefficient)8t 3t 2 A
F9) vz 19 133 2oiqd e AT AFE
A2l A2 Ald(child coefficient)2}aL e},

Ael83 FFlA g Aol FE Asst A4 A
F Atolel BAH FHdLe 11 29 o] dolEd 9
Ao He] &Y nlax Eg Zdd o FyFHez
g9 4 g 29 2014 rtEEe 0 99e Y
Ehin] A25L FI¢ 998 dehdt 32 FE2
dolgal ALE onlslm, 8 FEE 7 AL AH

>

(state)E E3tt) & =FNA 2 AlFE 2709 dH T
s 7HAm e 03 AE 12 ZA ST dE 0=
AFe 2717 & FL8A S (significant coefficient) S
E3tn dE 12 AFY 27 AL NFeAs
(non-significant coefficient )& vepdt) o] AHEL



20044 7€ HASE=FA M 41 @ SPH M 4 3 33

.
-,
a8 1. flolER YoM ct2 2iidEe] AFTE A
0|9 AtTHM

(=]

Fig. 1. The correlation between coefficients of different
subbands in wavelet.
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Fig. 2. The hidden Markov tree model in wavelet
domain.
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Fig. 3. The interpretation of state transition probability.
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Table 1. The PSNR comparison between the proposed
method and other methods.
o Kinebuchi's | Proposed
Bicubic

method method
Lena 30.29 32.20 34.37
Woman 36.02 36.69 39.25
Boat 27.40 29.54 31.32
Peppers 30.82 31.73 33.75
Barbara 23.92 24.07 25.41
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The estimation result for high frequency subband

using the proposed mehtod.
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