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A Novel Method for Harmonic Detection Based on CMOS Log-domain

Continuous Wavelet Transform Circuit
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ABSTRACT: The wavelet-based harmonic detection algori-
thm is mostly programmed in PC or DSP. Because of high
computational cost as well as requiring analog-to-digital
converter, it’s difficult for harmonic detection instrument to
operate in real time and wide frequency range. The power
consumption is also high. A novel method based on low-
voltage and low-power consumption log-domain continuous
Morlet wavelet transform circuits is presented for harmonic
detection. To measure harmonics, the wavelet transform of
harmonic signal is performed by analog CMOS VLSI
composed of analog filter bank, whose impulse response is
Morlet wavelet. Nonlinear least square method is employed to
obtain the transfer function of the filter with CMOS
log-domain integrators as main building blocks. By changing
the values of integrators’ bias currents, wavelet transforms of
harmonic signal at various scales can be performed. SPICE

simulation results show that the method is feasible.
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nonlinear least squares method

FEE . BRI /N 3 T V2 R BRSO B A 715 5 A
As F AR SR, M EK SRR T AD
A, WIN T AL SRS AR, TARSRIE AT . £t
Z I R T R TR . ARThFE UK Morlet 82N
A i L B R A U 7 v, FHBEAEL CMOS VILST HA B X 1 i
Ha gk 4T Morlet FE&E /N A, DU 7 =X SE IR ] -

transform; CMOS log-domain integrator;

EEMB: HEARFERETH(50677014), il b ik 4
(20060532002) R4 [ RRL - HE42(06112024) . HUFHH AT A
A FFHRI(NECT-04-0767).

Project Supported by National Natural Science Foundation of China
(50677014).

IR e P % R R Morlet /N FRIAB UL g It s 4 A
B, AR R AU AR et s D — Ttk k2, BL CMOS X4
R 35 R YOG 8 i B AT 256 o T I AR A3 35 (10 A
PR R O /N A e RUPSE BT, AT S B4 e i 3
(1. SPICE 1/ 45 R B T % vE M 471k

KRR USRI SN B VLST; CMOS X
B0 ARt i —TReik

0 3|1

SR | 320 = 1) o2 VA P N e el 7,5
SrHEE AR, AMUEEREEOE R, T AR K&
FERA GBI, i RGN R A BB TR
TG . WERA PR A TR A I T
TR EIE VT G IR O o

PRI L AR i (FFT) A2 i F R i Al 732,
A FFT BEAELEMAR 350N S5 R I %, ek
IRAEEG AR WA, R FERER A I R 2 K
H T Mk FRT JiiE A, /NS4l B FH 211
R rh, — RV O WARIE . SCHR[3-4145%
iz F B BN D5 AR e 5 T e /)N U A R AT 1 U
IIAT, DRIAN ) RUBE /)N ik R B3 () A 2 TR A7 AT A0 T
BING, XTI SR AN EAS . SCHER[S L%

AT RIFRER I ) Morlet /NEEE, BT SE /N

Eﬁ*mm&#@,“@ﬁmﬁﬁﬁﬁzﬁgmﬁ
R D oy B R, I RS RS T A
BT B o SCHRIO6)4E 17 B S AT /N 7% i 1R VR A5 b
SRR T, AR BR TN S

SR, PITFRTE (1) 35T /DN il A8 45 PR ol Rl g v
H AL AEPIML B A5 5 A E A% b Ry s



58 OE B AL

T £ %

527 3

FR9 5l G0 DT X A SIS SEEINAS I s e A W )
WBAE ST A/D A, BT R R S IR
AR, AR AR SR MR T o BTN IX L ]
B, ASCHR T SR A R L AR TR B
WA L () SIS BRI e /N AR e A
44 1 3 1l Morlet /I8 P REFDL 16 I8 2 4 A4 ke,
AL R R B AR L M fe /s — etk 18, SR A AR
AACHE RDIFE SEAIATEH T oL SR
FICMOSHHH AL 7 TSy Ut A2y . it
S0 5O AR 2 8 10 i P YR 0 /N e A e 1
JUBE, I S AN [ A3 24 18 e PR AT o L B2 12
CMC 1.2um CMOS [ 24T 11, SPICEfj E45 4
T FTRTEI Morleti%E 2 /)N i Ax e B % e i . R
TR HIAE AN [ AT B RN AR VUSRS ke

1 BT EE KT REY LR AN R IE
HHL I RGP AT A 5N

x(t) = Asin(w;t) + i Asin(w;t +0,) Q8

i=2
K o WIEPR . o) WIEBIAR;  x(r) FIELE
INBAEHAER E P

WT,(a,7) = é JxopDar=x=a’yta'n @

K wONBENE; o5 a0 3PS R T
TEPEBAT R AP AR 1K Morlet BE/NE, FLRT IS
AU AR A

{1//(!) =cos(5t)e "

P () =1.25[e 5@ 4 gt
HIE 1T AT, o) IR =5 (1047 T bR KL
o Y DT LA 00=5/ . HRQ)FT A, 155
T8 FUBE T 1R /N e AR 0 AH =4 T AL ph oy 2 4
oy (or OB TG I A TR FR /NI IR S A X 5 5
AT ISR AC R, SRR 2 s, R E S
ERREE, AEARIAZE R IE AR T-LL 5/ 0 kg i
IR INBEDE B AR AR A, gt BRI A S
Wy Bk, A gh AR R N R R R BT ((0) o

1.5

G)

1.0

)

0.5t

0.0
2

5 6
Bl y(w)iEf
Fig.1 Waveform of v (@)

/(rad/s)

H1F-Morlet N AU e UALER A, BT AL,
BRARTR S SN, FAT NSO PR 2 1 AR A Ry
o PRAE T W04ty T3 B 55 Z 0 LB 7y o
5 SCRRISTAN ), AR Sl T RO R Rl H B
S SEMorlet/ NEARHE,  EAT BRI o

o 'y(ay ') WIy(a,7)

@'y (@) WT, (e, 7)

x()

a;]W(a;]l) WTy(as,7)

i

a,'w(e,'n) WT,(a,, )

B2 /NETHRETIEIR AR K

Fig. 2 Wavelet transform realization block diagram
2 R R B )N IR iR R B A% 0 eR X
2.1 Morlet B/ R & RYIEIR

SETF VI Y A BENEE w(2) B INBEIE I
SPL R B, Morlet BE/NJE: w(e) = cos(50)e
—o<t<oo WA, Lly () A om /N p gk
AR IR R G, T AT SEE A RN i A e
e, A TP R BE N ISERS , Bly(t—to). P
Morlet /NEEATH BRI M, 2, >3 H <0
N5 w(t—t0)=0, IZM R NIt ) ZR G A PRER
RGE, HEIN IR B R A S N R WT(1,0)
FEI 1P 45 F o HAL ST R £

jwa—%kﬂﬂnﬁsmmamﬁgéﬂfﬂﬂ 4)

R

-

@A B AL, XFEED A WAR A e H B2
FH TGS A AR L R SEBILR, mT DL I S 4R
w(t—to) BT R A S ] S 3 PR /0N 30 908 4 o i
Noh(r), Bp4

h(t) =y (t—1y) %)
L R AR b A 1A 3 22 O X

b,s" +---+bs+b,

H(s)=—> " (n>m)  (6)
s'+a, 8" +as+a
35 () 4 O O
X(t) ¥ h(t) = x(0) * yr(t —1,) = WT, (Lt ~ 1) )

A AT WL, e AR e B 1 S BN 5 /NI AR e 1
BT EE B, HR 22 KNI T h() R SiE I B
AN t—to) R FE S o 00T 3 wlt—t0) (M I FEIE 3T
BR HSCh(£) 2 FHASAUL R B ST/ R A 4 ) O
At5=3, LERMorletBE/N% yt—to):
w(t—3)=e D 2cos[5(1 - 3)] (8)



5531 3 PR

TN HEE AU CMOS

SESL /N AR VLB PRV S AR D g s 59

MB350, w(t-3)~0, t&[0,6]. X w(t—3)KE
Wrengs HCL R s Ba AT I, [
e V2 5 0% 1 0,67 sin(04) + O™ cos(Ost)
+6,e™sin(By1) + 6,,e* cos(Gyt) )
W) Z2E B BE /N wr (e — 3) HOTE T R B A(r) -
h(t) =[6,e™ + 0,e'sin(0,1) + O, cos(Ot) +
0,e*'sin(0,t) + 6,,e™ cos(B,t)]cos[5(¢ —3)]  (10)
H 2 BRIS %0, LA(10) A ik 3 1) 2 48 HAT X
OEX LR E, Lo NRRSE. M0, 04
O M BT, 564 ] DL —N i 5k h() e e
PRI SE U % o IEUT I 22 52 N
se(8) =) -yt -3)| = Lf [h(t)—w(t=3)Pds (11)
L o=0 6, 6,---0,)" . &MV IiEE ik
A SR O
min se(@) = min j(f[h(z) —p(t-3)]dt (12)

X X A][0,6]45 [l B EURE 601 55, AT=0.01, WI7EE
RS LS (D5 w(e=3) R Z TR,

600

F(0) =Y [h(nAT) -y (nAT =3)T (13)

n=0

#Hiﬁ:#jﬁk_ﬁ/z*@,%r@I?JﬁﬁlA s E S5
Qlﬁilﬁiéqzﬁﬁﬂid\ ’

min (@) = min % [W(nAT)—w(nAT -3)]>  (14)

n=0
KN MY (R RS Pk de /> — e i), F(O)h H b
PR, AR Ze Mg /N 3fe [n] R B 2 S
min F(8)
st.0,<0,0,<0,6,<0 (15)
9=, 6, 6,--0,)".0cR
h T B e T S SO SR, SR
Levenbery-Marquardti:!" Sk it 55 B0 R
(1) 4ERta e, YIS Ha=0.01, #iK
K 74=10, fLIFiIRZE0, IHHFOV), Ho=a), k=1,
(2) Ba=al/p, &

F(k) — (Fo (a(k) )" o, F600 (g(k) ))T
oF,(6") OF,(6")
26, 26,
A, = : K :
OF 4, (0“)) OFy0(8“))
e T g
(3) RN T4 (Al A, +al)d =-AFP

1FEHE %I dY, 20" =00 +dV .,

(4) KFO ), HEFO )< F(OY), WL
BR(6), NIFEATHIRS).
X F(")” <e, WHEIRE, 13305%
he=0", TMNE o=pa, HHEE3).

(6) #i |4l F© <z, WEILIE, HEIR%
e =6%" ., HWEk=k+1, HLHEQ).

UL BB, RIS AT SRAG U
FEPCACIE R T Oy T 38 G At (X)W SRR BN SR i B
SRR AL 2 R A (0 22 A T B (VREAT 2 IR
R, R EA R R . eV NI
6"=(0.18 0.2 0.2 —0.350.20.2 0.2 -0.21 0.2 0.2 )"
i, SKRAFHERREAN w(e-3) 0 e 3 U i it B R
A 1R/ NI B 28 v i Y. h():

h(t) =[0.6842¢ ™% —0.7154e **"¥sin(1.568¢) +
0.8863¢"* cos(1.568¢) + 2.4296e 1 .
sin(0.6386¢) —1.6053¢ ' .
0s(0.6386¢)] - cos[5(¢ — 3)] (16)

ME 3 7] WL, @iy e S B AEMorlet/ MR A —EL,
RZENA 0.028 0 Ho e UL /N IR I A o Y.
o h(tl o) B (e (04 3K A

0 2 4 6 ils
3 FERYER/NEIEIT R UK
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