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The results of this study are summarized as follows: (1) We showed that the perfect translation
invariant Complex Discrete Wavelet Transform (PTI-CDWT) cannot be directly extended to the
wavelet packet transform. But, it can be realized without multi-resolution analytical structure. (2)
We realized two approximate translation invariant Complex Wavelet Packet Transforms
(ATI-CWPTs) with multi-resolution analytical structure. The first is called Substitution—type
Complex Wavelet Packet Transform, and the second is the Phase—-Compensated Complex Wavelet
Packet Transform. (3) We applied these two ATI-CWPTs to analysis of the input—output relation
of linear systems. This is a basic tool for analyzing time—variant frequency characteristics of linear
systems. (4) We applied our proposed ATI-CWPTs to analysis of extraordinary sound signals in
rock drilling and location of buried pipes by using Ground—Penetrating Radar. The effectiveness of
our developed transforms was demonstrated in industry applications.

AT IR ERA
(BARHAT - [1)
[ERESES RIEEEEE & E
2009 £ 2,000,000 600,000 2,600,000
2010 /% 900,000 270,000 1,170,000
2011 A 700,000 210,000 910,000
et 3,600,000 1,080,000 4,680,000

W58 - L2
B oSE «- ME - BRES LY - HHTIE
F—U— R FEALH, Y=—T7 Ly by b

1. WFZEBRAAE S D5
BER D = —7 Ly NEHEL(DWT) 123\ T,

SERNHEARINME: 2 FEBLT D KRB Y = —7
Ly FEHL L L T, Perfect Translation



Invariant Complex Discrete Wavelet
Transform (PTI-CDWT) MER SN TS, =
AUX, Hilbert ZBHAKIOEFEEDO Y = —T7 L
v M X o> TWHEARE (7 MARZE) % wlEe
LI AEEMB T = —T Ly NEHL (CDWT)

ThDH. —J, #HEvo—7 Ly NEHTEE
By x—7 Ly MEBIZ SRR
SITRRES S, Y = — 7 Ly NEHRT
EostE s &t T, EEOwMEMHIZH > T
BEAL 21T » THREE S5 25720, Z 0k
Bklc L v EiEE Yy = — 7 Ly NERUT, B
RFf] A 7 T OB fEICE ) Lz & X2 L
BHEITIERE L1370 672D, &0
5HE, BT = —7 Ly NERRITEEGEN
AIHETC, PTI-CDWT Z | FH 9l R 2 %
HiED I ENAREE 2D, ZHUTERH X
ERAV Yy FEELZRBT. Zhicsblg,

PTI-CDWT O JEREE D RRE A, i 7 = — 7 L
v hERBRICEL THZ R TENIE, FEH
BT DAIENR E D, INEMRRTDH
EO—2Z v =—T7 by by NEH
(Wavelet Packet Transform: WPT) 238 5.
Ux—T7 Ly hoXr oy NEBITEER Y = —7
Ly NEBO—ILTHD. BHEDOT=—7
Ly Moy o fRIE, B =—7 L b
BT U CEEMB ST (MRA) & P72
D HFTEITEND. TOEWL, Y=z—T7L
v "7y MEFAIRETCIEA LUz N T
TR EL & B EIER G 7 & b, S HICHiES
nNoEWH 2 ThD. ZEMGEMITCIX,
DRI ICONTREESNNS V=2 —T L
v MEEOBIZ X T T Ik
BT 50, &KL L TOBRRIITOES
ERICICZ2D KO E SN TS, oF D
ZIE WAV TIRESEVIREETH 5.
LL, ZOTEMZPERR L= 7z ER
EMENRKRIMLTLEY. flxiX, BEES
ORHREER & T EREEE b E
EMENTEATH &, FDIE5DRAEREL (i
&) #ZE L THRIMTHZ EIFTERNEN
IRERMEEAETS. LEn-T, T=x—
T Ly "Xy NEHIZEB WD T EARE M
EHRERETENE, RO ARFFLIEEET
E R B RRE D IR T X, AHLR TS
HWAlae & 70 . AR B, £ EME
FEfRMT DO— AL TH Y, Wit AR M: & EHT
HHHFET = —7 L b (WPT) OAEALE % feNT
L, > TCEDOTHICHIITGTHZ ETH

2.

2. WO R

AWFFED BBX, 2 BRGSO —ik{b
ThYy, WEREEEZFEHTLIEET =—7
L v I (Perfect Translation
Complex Wavelet Packet Transform
PTI-CWPT) ORERIELZMESLL, > TEDTL
ZISHICEETHZ L TH D, LUFICEKK
2.

(1) TRV ERAEERY =—T7 Ly NEH]
(PIT-CDWT) O = —7 L v k34 > h~D
PR B D O L2 5E W26 R EER
v x—7 Ly M (PTI-CDWT) Z%DFF
Vrx—7 by My MAJER LTSS, I
HEREMEDRGE S22 L ZFET 5.
(2) TR EREEZEHTIEET =—7
Ly Ty NEBHE U 2 —7 Ly kX
7 N ORERCRTRESRIRIE, EIHE & FEEN
% (BB AR L v ES =22 M,
B DY — A7 —VEH % T 2 DOER
THZEMICHEITED) ITEHDTHD.
ZOREEEICBWTERTREIE, v
—7 Ly MERICRER R WMEE DY — A —
NI FHNTHRNTHLE NI A THD.
kv, koY —2 7 — 8 &
Th, Vo—T by b3y N LRk
PITZDZ ENbND. FZT, Wk ilE
B LW =R — VEFNEEHZ T,
EREMERELTERZE 2—T Ly T
v NERT O EEEZD.

(3) TR ERLEEZEHTHIEET = —7
Ly bRy NEBH BRE T =—T Ly
MRy NEWE LTCGE, Y — AT — U
N Ko TEBENT-HRICSBITEBRIND
U x—7 Ly bRy MREUTIEEARZENEDN
KIMLTLED. i, V—RAr—n14%|
Lo TEBREINT YV =—T Ly b3y B
FRECIE Hilbert ikt Lo TWD72®), 2
DY xz—T Ly by MERZEFRIH LT,
S B fREHED VUM N TR TLE ).
ZZC, W7 M~ 0K B 0 v 7
hoRT A =B ZfEH L C, Hilbert Z#axf&
VAR N N ) R W s sl D RVDX NV £ Rt R
T DD — A — VB HET S
TEEREZD. ZHCLY, MO TRAEM
IE LN OB U ERE M2 RBTE 5.
(4) PIT HFEUV =z —T Ly Ty NEHO

Invariant



FHLE VAT NRENTISH - AT CRAR S
HEFET =z —T Ly by NEBRIZERE
DB, (1] ZEAMGERRAT & 7% 70 50E
RUER, [2]38e 7 = — 7 Ly b & RIS 228 K
e, BUEBDOY 7Y Bl L HE
PIRNARETH D & (WHERZEM), [4]
DG S A MAERIC LY FHRTE 5L
(FFHERR FTRENE) Th D, BB D412\ T
%, BEEFORIM R EESOFITICHNS
BAIIISET RV, LvL, EE5EE0RE
FIRHEE 72 EIL DR 75 & AL T 2 R &
LB NN EE RS, BRETD
PTI-CWPT DIGH E LT, RAEGES (FF &
R 72 &) Oy BERTE, FRAEBIRICR LT
T ER DI ORI ERE, <61
WY AT LD AN IR E D =—T7 Ly K
N7y WA, BEVAT N, ERIE T AT
LDRIETIEOR¥EEEZD.

3. WDk

K 21 FEFE (e W EAREERHR Y = —7
L NEHL (PIT-CDWT) ® 7 = —7 L ko3
7y h~OERE (GeRNEREEE BT S
BRI EERZE Y = — 7 Ly NEBLOBS),
BIOVAT AFEFT~OIEH) - £7°, o0
R LI ERIERNEEHER R =— 7 Ly
NEHR (PTI-CDWT) 22D FEFV = —T7 Ly
Xy MAERR U723 E, W EARZSME 3 i
RENRNWZ EEZFEIT 5. RWT, e
AL FERT LEBRNER = —T Ly
MRy NEMAZIRE T H. Ux—T7 Ly b
ARy N ORERRFTRESRIRI, o BIEE & FHE
NAOMEIZELDLDOTHD. ZDOREIFEC
BWTHEIARXIE, v=—7 Ly MEHKIC
BRRVMEE DY — A r— VEEE AN TH
AT HEVWI R THD. ZnLD, kD
V=R —=NVBEEHNTH, Yo —T Ly
hoX oy N LRI T 25 Z L3
D, ZIZTIE, EEREITEHLWY —R ST
—VESNCE &z T WHERENE AR T
HTEeEEZDL, ZOHEFE TV —T Ly X
Ty NEEBEER Y 2 —T7 Ly by b
ERESRZ LT 5. 2o BRI E LT,
B oy Bl O R TE M OB RGN DO MEE /oy BiER
AT .

Rk 22 SEFE (G WERE M A IR DAL
FIRERER Y = —7 Ly h Xy NEHRD
BA%S, BEOT AT AENT~DISH)  #FE Y

=7 by Ny NEME LG, Y —
A= BN L > TEBRINT-HRIZE BIC
EINTU=—7 by X7y MREUTIE
WEAREMNRIM L TWA, ZhlE, V—RAYF
— VB Lo TEBINT Y = —T Ly
r XAy MRET Hilbert Z8#ist & 72> T
WHTeh, 2O z—T by 3Ty MR
ZFIA LTS BICHTUIMARAFTL
£9. I T, WEEIT R ~OKF I B
D7 "NT A—2 %L T, Hilbert &
faxt LoD Z LI KTNSO E
TR T 12O D178 — A — V5 % 2
OHEBETAZLEEZDS. ZHICX VD
TNEHE LR D IEREEEZ R TE .
ZOWEREEERFLEEZE Y 2 —T L
v "Xy MR EREE Y o —T Ly
roRry RERESRZ LT 5. Zho BARR
ISHE LT, =X EBOMARHEE, MIEY
AT LAOANHOEBRE T2 —T Ly by
N, AT BN TR 0O BEERIRF ] D HEE,
RFAS S AT L3 L OFERIE > A 7 A[RE Fik
FR~DIEHEE 2 5.

Rk 23 4R (PTI-CWPT OD— B HE R IE D
NLE VAT ARIT~OISH) RIS 2
ODOWKFY = —T7 Ly "7y NEHRE, &
B 5 bR 272 UEBROHEICHETT
5. Lal, BHERY = —7 Ly R
7y NEBUISE RN FRETH D8,
— A= NVHHN B E WA DT DICHRED
WERHY, FHEENPHITLEI MERH
L. Fl, MAEMERERERY 2 —7 Ly hoX
iy NEHIT 6 DD — R — )V &
ET2Z LTIV BBRICEBREZITA DN, —
HRASEAZ TRV 2RI HER T 5 Z &
WTER. L7EENoT, RN MEE /2R
IR L CIIEBUERY = —T Ly b7
v NEBBRFERTHY, PSS ETRN
MREIC ) LTl fiRICE RO TE AL
FERHIE R R Y = — 7 Ly b3y NN
HHTHD. LT - T, R EE £ T,
(~M]OFT X TEHmETIHEEY = —T L
v NNy NEMRO EBRIRESE 2 ] D i
L, EOHARMIEREE R T HENS 5.
AT = —7 by MEGRIZHSTHZ &
3 7%, THGH (BRI AT AB X OMEE
AT, 155053 E) OBLRD BT
EETHD. AFEEECICEBIN, B



155 (B - B2 &) D5k - B,
SHREME, v— X EBOMAAHEE, $IEY
AT LAOANHNBMRE T = —T Ly bRy
MR, AT WO EEEKREEHEE R, RS
VAT A, ERIE T AT ARERIEOREEIL
BLOBRELZITY, S%IESNT-MERE
B o T 5.

4. HWFoERE

AL TORFIFLLTOL S ITHED HiLD.
(1) =D DORE LIl R R
=—7 Ly NEH (PTI-CDWT) %D FEF Y
=T by My hAEIETE RN L&
HEMNZ LTz, 205G, ZEMGIZHIRER
EHGIE, WEATREE 725, (2) T 2T,

ZEMGENIRERR 21T, RIS Clad
D0, BT ICEERER Y = —T7 Ly bR
v NEMR LA IERER Y = — 7 Ly X
oy NEBEZRRE L. b AT ENEEAR
EHBFEVx—T Ly bXT vy FEH]
(ATI-CWPT) & X5 (3) 2% L7z ATI-CWPT
Z, BT AT A0 NI OIS
L, MAIEREEGREREMT~D Y — L & LT
DIMEEF N2, EALV—TRORED
DDOT 4 NVEFREHICHLTZ. (1) 61T,

BA%E L7z ATI-CWPT %, HIlE 3 O B 15 BT,
BLOMh L—Z I L AHEERY (&RE) O
ERFEEICE A L, EEICHIZBT 5 AN
R LTz

5. BRI LE
(FgeiREE . WFIEo R R ORI 208 12
B

(MEsksm ) (B 1510

RS

@© kadbzgsl, AFFIZ, HEFIE : FRIT &
DIRFE T 4 — Ry Z Il ~DIGH, wERT
DmSCEE, BReAT, Vol. 132/Sec € (2012) (in
press)

@ bk S, HEPFNE] - HR L — 223G
B0 ) A R & F DORETFTE, BRFESW
WEE, AaiH, Vol.132/Sec D, No.6 (2012)
(in press)

@ /bR S, HEPFNE] - HR L — 223G
FIZHT D I O FIE, ERFRW

25 AFLA, Vol.132/Sec D, No.4 (2012) (in
press)

@ EHHEWR, BPET, B a, BERE
16, KHME  PEEEEHAEEOET Y &
reXxy VT L—vay, EFHA, FHUIBAE)
B2, Vol. 47, No.9, pp.412-419
(2011)

® koL, ARFEZz, TEfE : PHLr—
TAT v TINET — 2 VTR O
WEOSEHEE, BRI LE, Aaifh,
Vol. 131/Sec C, No.4, pp.751-757 (2011)
® KENSUKE HAYASHI and SEIICHI SHIN, ROAD
TYPE ESTIMATION BY WAVELET ANALYSIS OF
RUNNING TIRE SOUND, Int. J. Wavelets,
Multiresolution and Information Process—
ing, Special Issue on New Theories and
Technological Advances of Wavelet
Transform, ##iA, Vol.8, No. 4, pp. 645657
(2010)

(D MASAAKI OSAKE, KAZUSHI NAKA NO, TETSUYA
TABARU and SEIICHI SHIN: Input-Output
Relation of Linear Systems By Using Complex
Wavelet Packet Transform, Int. J. Wavelets,
Multiresolution and Information Process—
ing, Special Issue on New Theories and
Technological Advances of Wavelet
Transform, ##if, Vol.8, No.4, pp.521-535
(2010)

® Jorge Ivan Medina Martinez, Kazushi
Nakano and Koh ji Higuchi: New Approach for
IIR Adaptive Lattice Filter Structure
using Simultaneous Perturbation Algorithm,
IEEJ] Transactions on Industry Appli-
#FEA, Vol.130, No.4/Sec D,

pp. 422-429 (2010)

cations,
© Jorge Ivan Medina Martinez, Kazushi

Nakano and Sawut Umerujan: Vibration

Suppression Control of a Flexible Arm



using Non—1linear Observer with
Simultaneous Perturbation Stochastic
Approximation, Journal of Artificial

Life and Robotics,
pp. 539-544 (2010)

A, Vol. 14, No. 4,

9 Jorge Ivan Medina Martinez,

and Kohji

Kazushi

Nakano Higuchi: Parameter
Estimation using a Modified Version of
SPSA Algorithm Applied to State Space
Models, IEE]J Transactions on Industry
Applications, #Fefi, Vol.129, No.12/Sec
D, pp.1187-1194 (2009)

@ H. Peng, J. Wu, G. Inoussa, Q. Deng and
K. Nakano: Nonlinear system modeling and
control

predictive using the RBF

nets—based quiasi—linear ARX model,

Control Engineering Practice, %3t f,

Vol. 11, No.1, pp.59-66 (2009)
feRL
@ #H B PSHORTZET L_— ZAPHFE~

W& E 207 LS, FHE, AROA, Vol. 54,
No. 10, pp. 59-61 (2011)
@ HhEfnE], BHIER  EXT T AOMR
Br & [\E D BUR — B RANENT 7 770 — 5, &
W & HIHE, AEEFA, Vol.49, No.7, pp.
427-432 (2010)
Bk, BEE v=—7 Ly MENT
DIEXEIGHDOH DI & RE, ER TR,
AHiA, Vol. 129, No. 10, pp. 664-667 (2009)
@ Umerujan Sawut, HEFFIH] : VSSA 7 ¥ —
NaeERWEE TR A2 v MLy 2T LAOAL
EFE, HARZL— RRT—2 2T L5,
%A, Vol.40, No.3, pp.162-166 (2009)

(Fa5E) G191

EFR=RER
(D T. Uchikado, M. Kobayashi, K. Naknao
and S. Shin: Emphasis of GPR Signals

Reflected from Buried Pipes Using

Statistical Clustering Techniques, ICWAPR

2012, # %t A, Shaanxi, China (2012)
(accepted)
@ M. Kobayashi, T. Uchikado and K.

Nakano: Wavelet—based Position Detection
of Buried Pipes from GPR Signals by Use of

Angle Information, ICWAPR 2012, &3 H,

Shaanxi, China (2012) (accepted)
@3 Shota Hamamatsu, Kenji Sawada, and
Seiichi Shin: Multi Function Printer

Controlled by Images, Proc. 2010 IRAST

International Congress on  Computer

Applications and Computational Science
(CACS 2010), #®tA,
Singapore, pp. 334-337 (2010.12)
@ Kosuke Tanaka,

Paramount Hotel,
Kenji Sawada, Seiichi
Shin, Kenji Kumagai, and Naoto Yoneda,
Modeling and Calibration of Automatic
Guided Vehicle, Proc. SICE 2010, Z ¢
pp. 2485-2490, Grand Hotel, Taipei, Taiwan
ROC (2010. 8)

® Toru YAMAMOTO and

VISUALIZATION OF MULTI-CAHNNEL VITAL DATA

Seiichi SHIN,

AT ENGINE IDLING BASED ON WAVELET ANALYSTS,
Proceedings of the 2010 International
Conference on Wavelet Analysis and Pattern
Recognition, #&FcA, Qingdao, pp.381-385
(2010.7)

® Jorge Ivan Medina Martinez and Kazushi
Nakano: Parameter Estimation in Neural

Networks by Improved  Version  of

Perturbation Stochastic

4B03-5,

Simultaneous
Approximation Algorithm, ICROS-
SICE International Joint Conference 2009,
AFHiA, Fukuoka, pp.4567-4572 (2009. 8)

(@ Tokubai Ki, Kohji HIGUCHI,
NAKANO,  Tatsuyoshi KAJIKAWA,

YOSHIZAWA, Koji MATSUSHITA and Fumiho

Kazushi

Satoshi



CHINO: Parameter Determining Method of
Robust Digital Controller for PWM Power
Amplifier, ICROS-SICE International Joint
Conference 2009, #FtA , Fukuoka, pp.
4553-4558 (2009. 8)
Toru Yamamoto, Keisuke Hayashi and S.
Shin, Visualization of multi-dimensional
living body information based on wavelet
transformation analysis, ICROS-SICE
Inter—national Joint Conference 2009, #t
HiH, Fukuoka, pp.1865-1869 (2009. 8)
@ Jorge Ivan Medina Martinez, Kazushi
Nakano: Vibration Suppression control of
a flexible arm using non—linear observer
with simultaneous perturbation stochastic
approximation, 14th  Int. Symp. on
Artificial Life and Robotics, & &,
Beppu (2009. 2)
ENS#ERER
© R, P8 v=—T7 by PEWICKD
WREER & Lo D BB ORS, B F2PE
ERHH BT E s, AR, MEE R
(2012. 3)
O ®FE, TH . v=—T by by R
X DHIEE O & WEZLOHEE, EX
FREFRCHIMAS, BHA, HERAY
(2011.9)
@ ®E, TH . v=—T by by M
KD HIEE O L EE kDT =2V
7, BREFRERGRIRIE S, AR
TRTERS (2011.3)
@ /AR, HEE . R L — 2 EE RSB
% MR ORI O RN, TR EER I
HWArE =GR, A, THELEXRT
(2011. 3)
ANAR, HHEE, 1E0N 5 4 i L — XA
fB= 21T 2 HEAT S OB IE, R
RPEEEFHRIBRIT RS G R, aih, BER

BART (2010. 12) <ERFEREZEICHEME

F5 i LIERED

@ /K, B, 1E 4 4 TR = —
T Ly NEHIZ L DHP L — XG5 D
FRANZ DU T, BT E S R AT 2R 2
e, AR, BERIRT (2009. 12)
R

Seiichi Shin, Industrial Application
of Wavelet Analysis, Special Lecture of

Department of Industrial and System
Engineering, #r#ii, Chongwon University,
(200947 H 27 H)

@ #H gh—, Wavelet FEMT & PEZEIGH, B46
Hi B f RSP AEPE S AT B TR PR R
i ll, A, BHEENRTRTEES
A-101, (20094E9 A 16 H)

Seiichi Shin: Industrial Applications
of Wavelet Analysis, Seminar of Department
of Electrical and Computer Engineering
Faculty of Engineering, #rici, E502-32,
Engineering Block 5, National University
of Singapore, (6 Dec. 2010)

(PEZEY PERE)
OmRd Gt 1 #F)

A B RALLE
ML - PEFFNE], MR T
MERIE - thEFFRENED

FEXH - 4FEF

Fe- : ERFE 2010-123940
HFEAEA H : 20104E5 A 31 H
WAL DR - EN

(D)

R I
http://www. 1 jung. ee. uec. ac. jp/

6. MFTCRLRE

(D IFgEREE

FEFFIE] (NAKANO KAZUSHI)
BRIBERT: - RKFEPEH R TR -
itz

WF7eE% 5+ 90136531

Q) WFgtrfHE

#r 3— (SHIN SEIICHI)

BRAEE RS « KEBerE B LSarses) -
%ﬁx

WF7EE %5« 20134463



