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A Rotation-Insensitive Multiscale Image Representation Based on the

Wavelet Transform : Definition and Image Recovery Algorithm

Makoto NAKASHIZUKA', Hisakazu KIKUCHI'", Ikuo ISHII''', and Hideo MAKINO'

HHFEL KR TH, HEFREIDY T NFREREEA Y —VEGERR 2GS D, Yx—T7Vy PR
L OVF-SEEERL, TOER,SOEBETEERET 5, BEBEAZIGIVEGRRREES i, B2 E
Y r—T7Vy VERDTOELLBEDDER I AR E—DD Y = =TV y bIANF —SHRICHKET S,
v r—7 Ly PR E -5 S OEGRETTE, REEEC X VERT S, RET 3 KEEER, ExEEO
V- T Uy NIRANE—SFHE, SZ5NT 2 —TVy P TANVFE —SHOBOEEBIRICE % % TS
T LRFET 5, BIL, ARX TR Y2 —T vy NEBOEZERX 7 —NVOWE % FIH L7z coarse-to-fine
ERERREL, BHNENERE3EERELBRS S35, W O»rOEBETHP S, REL X coarse-to-
fine HITHEOBERMERHERT 2. i, —OOIBABELT, Yx—T vy M ZANVF AR EGORTICH
o CEARLT 5 2 L ¢, WA bAOIEA%RT.
F—J—F HERXF—NEEGEER, Ye—7 vy MNEEK, 3 VE -0, EHRIET

1. AN &

HRALEE DS T, BERBIOBRHATEL LT, &
SHEER ZOOERT S AR TCHEGIHERL, Z00
WAHED 2 FRIOWAM, F72EE&R 2 RS 0=E
TE2MHET 32 HESAsN T w5 [6], BmEERE
B HN L UMEOREERL, FEEGRIBE 7
FEERRVE 2 ST g, PR D REHRLZ U 8EL
L WBEHEE, HEREEZ0 5. BROBHE), H
R L CREROBREELL L2V, Z0%E»
5, EERIRNT, /85 —VEATOSE T, WEMEHLE
BOBMERTRBR L LTELHLsRA T2 (6],
[12].

—%, vx—7Vvy b EH[1]~[5] kBT, F

T FRAETFERBR IR, IR

Faculty of Engineering, Niigata University, Niigata-shi, 950-21
Japan

11 FRAZETEHERETIER, HRh
Faculty of Engineering, Niigata University, Niigata-shi, 950-21
Japan

11 FRRZ B ARBIERIER
Graduate School of Science and Technology, Niigata University,
Niigata-shi, 950-21 Japan

WIS D 1 FEBEEs, %7- 2 FEEBEEIc—B T 5 Y
=—7vy VEEBEHERVEZ LT, 1 EHMoEE
F700E 2 RO EE AL, SEA NI LB
v VR BT Z EMREEShTw s 2~ 7=
—7vy VEROBAE, BESL { IERETES
BEETZILT, Y- vy MERERE[4],
BEEE[S], hyx—7vy PELERR3]
BEINTWS, Zhs XETROREHEESSER
VRT3 2 L HY L, BESEOME 28
DAT—MZEDELLERT DI LN TES, o
T, ThoOREEPEHROS Y F I~ FHATHIL
T, By F U I RERTHIENARET
»5 [3].

RS2 Y = — 7 vy MEEHR[1~[5] 1, EEHROD
2 KITCHEEESE—D> DAy — v iz, HROK
¥, BTE, fIOAHRESCHET 3055 WIEED
DFERICHENT 5, - T, HRROE—~R 7 —L Ol
A RV — F IR L T, B A HEAEITT B
EGHES2 & AT — V2 L ie—DDYHIEFET 572
I, KFE - BEAAKS L CEL DA 75— -
FEAESEHIcER Sz 7 o — T vy N R, —DI2

2002 EFIEWMBEFRH/IEE A Vol. J79-A No.12 pp.2002-2013 1996 &£ 12 H



LV =T vy MR & B EER U TTFRESER 7 — VERESR | EE LEBRETT AT ) XA

MELohiExon, flzl, 2XRTy -7V
v MBAERERE TR, KE, BEAAOY -7y
RO 2 FROFHRERD, ZOEAMEH S Hk
M ERBELTWS,

7 x—7 vy MEKED S OEEHETICB VT,
ISR TR [2]~[5), [7] %A T 2 7202, BEEHO
RENC LT ooy = — 7 vy NEBEM O EESh
2RAEE 2 2 BEND 5 (4], ZORAE, BEBEO
HEEE Z SEAMICHEY U, MEHEETLORNZ, 2 FEM
2LV E SRR ETUY = —7 vy NEBICE
T 270 hBERBRTHS. o T, KT, B|E
HEDY = —=7vy VERRHET L TCEo T
FREREZ T R W CHEEET 2T 2L 3 TERp
-7z,

X CIEEEREITWSER 7 —VER2E S
Tz, K- BEHAOY x—T7 Ly NEBOKS
B LT 2 RIEROBRIE A3 [9],[10]. 2hzy
=7V PERNVE—-SIRERES, £, ZOHE
BOHEGRE LT, BHEAS(LESDEROMT 2%
BT 57D HGETEHEPIRET 5, BEETR, &
FEBRO Y = — 7V b T RIVE 0 LR 2
=7V VEBROVREERICN L TR 5
Z, VIHEGS S REFEE I & b SHhEE > R/MET
% ETHEBETAERT S [9],[10]. coKERZY
=7V PRAEERD» S OESETTHW S LA
MEAEETLRIT L, 2008 EMoMciTbhs
SERELERT A EXABETH S, LS
B, TANK SRR LTEST 25681
MERIE BB\, FORoW, TR E/IMET
ZZEMTET, u—H NI =< Ak 5 BRI
L%, 22T, Vx—7Vvy VNEBROZEAT—1LD
WEEFIAL T, EREGCT SRRt 2ETY
HATIREL, EIXHET T3 ORNTHLVW D LT
5ILT, U—HNE =AM BERE WD S
¥, FRARERA LSS,

2 TR2RTHH 2EY = — T vy VL, ¥
=7y PZANVF-SAOERICDCCHHET
5. 8. Cit, FHlEELERL, IhEPREHEER
DS D EEETERRET 5. £/, 1D
POETH R b LIS ER U EHRER, EEETED
MWER2RT, . T2~y Y 22 NVF—S%
PHEROEWH L TERLEL, ET35 2 ik DES
DA B [4], [11] ~DEA 28R4 5. BEWw
UEZEZED, SEOBFEIZOWTARRS,

2. 2RTEEN2ET—T Ly VRO
TARLVF -5

BEA) IR LTIRIL2EY 2 — 7 vy NEH
W, S5ty o—7 vy P EEREKOEASFHE
Wif (z)=7 * ¢(x) (1)
WEDERINS 1]~ 22T, dlx) iR —
NUDT =TV "VRIETHY, XY =—T 1V
v MR @) £V

0(@) =45 (2)
tBons, EAV -7y MEB ¢2) 7 R
3y YT

[ p@ydr=0 (3)
iR ERER, 2T, 28V 2—T Ly N E
s B2 ST 201, LD DDV =
—T7vy PEE x(x) 2T D&M

3 00 E(Zo)=1 (4)
BWMET S XICEHT LT, B A()
A@) =S Wi * x(x) (5)

WED2EY=—T vy bEEDb SERR IS (4],
22T, flo) 3B s(x) DT — ) 2EBERT,
Tz, A7 —NV%Ej=15»5 ] ECOEROMETHE
EERRET L0, O, SROHOYz—7
vy M EEBERE LT OR&%

|50l = 5§ (2%0) 7 (2'0) (6)
BT A -0 v A H(x) 2 EAT B (1]
~[4]. ) ERT NP TR —) I LCES
N-BEREEE fo) DEAAEE L >THEONS
R —n ] DELES

Sif@) =7 %3r4(F) (7)

EL, 7110 ok
B2EY =Ty VERREFEMESRE-T, £
W20 TES, f(2) b plx) BBARAATE
55 Sx) i, AT —N]OFERILEE L 2EY
=7y b ERZ LD

{(Wif(xh<i<szer, (S (2))zer) (8)
ERBENAr—) VB SR Y = —T vy NE
Bk Efgksns, B, Sf(x) 2B Ik
D BEEL L 7B Sif(m) 20 51, AT D&
|H(o)?+|H(w+ )<l > H(0)=1

2003



EFBHREFEWITEE '96/12 Vol. J79-A No. 12

if

L]

S f

(@) One-dimensional DWT

N

Horizontal { Vertical Vertical {Horizontal

Sif 2 Jlaew o)} Wi, f—{x(2') Sif

H(2io ) Si1f —

(b) Two-dimensional DWT (three-directional decomposition)

Horizontal; Vertical ; Vertical :Horizontaly

Sif | e Sif

H(2/o)

(c) Two-dimensional DWT (two-directional decomposition)

M1 740Ny 210kBY2—T vy NERESER
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Fig.2 Two-dimensional frequency band splitting pat-
tern of the discrete dyadic wavelet transform.
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Fig.3 The basic wavelet function which corresponds

to the first derivative of a smoothing function
and its corresponding scaling function. (qua-
dratic spline wavelet [4])
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distribution.
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