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1 d¢�ÿ½XÚ�ªÇ�A

3��XÚ�©ÛÚ�O¥§²~|^�£é��ªÇA5���.�
L�ª"�£é��Ä�A5^ªÇA5£ã�§��L��

G(jω) =
Y (s)

U(s)

∣∣∣∣
s=jω

=
Y (jω)

U(jω)
(1)

ª¥Y (s)´�£é�ÑÑþ�.¼C�§U(s)´�£é�Ñ\þ�.¼
C�"ª(1)½��¤Xe/ª

Y (jω) = G(jω)U(jω) (2)

ùL«��£é��Ñ\à�\��ªÇ�ω§ÌÝ�au§� �θ1��
u&Ò

u(t) = au sin(ωt + θ1) (3)

http://www.nudt.edu.cn


d¢�ÿ½XÚ�ªÇ . . .

d¢�ªÇ�AE£D . . .

Home Page

Title Page

JJ II

J I

Page 4 of 17

Go Back

Full Screen

Close

Quit

éu�5XÚ§�£é��ÑÑþy(t)ò±Ó��ªÇωU�uÅCÄ§
�ÙÌÝ�ay§� �θ2

y(t) = ay sin(ωt + θ2) (4)

ÑÑÌÝ�Ñ\ÌÝ�'ay/au = A´�ªÇ
Cz�§¡�ÌªA5"
ÑÑ� �Ñ\� ��θ2 − θ1 = ϕ½´�ªÇ
Cz�§¡��ªA
5"ÌªA5A(ω)Ú�ªA5ϕ(ω)��£ã
�£é��Ä�A5"ª
ÇA5G(jω)�ÌªA5A(ω)9�ªA5ϕ(ω)�'X´

G(jω) = A(ω)ejϕ(ω) (5)

e¡·�0�|^±ÏÿÁ&ÒÚ�±ÏÿÁ&Ò¦Ñ�£é�ªÇA
5��{"
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1.±ÏÿÁ&Ò
æ^±ÏÿÁ&Òÿ½�£é��ªÇA5�§¤k�ÿþÑA3L§
®²?u­½G�e?1§=duÐ©^��¤�)��ÜLÞL§þ
®��"
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2.^�±ÏÿÁ&Ò(½ªÇ�A
�âª(1)§�D(�±�Ñ�§L§�ªÇA5�deª(½

G(jω) =
Y (jω)

U(jω)
(6)

éÑÑ&Òy(t)ÚÑ\&Òu(t)3��mm�:kT, k = 0, 1, · · · , N − 1§
�:þ?1Ngæ�§��k�ê8�lÑ�{y(k)}Ú{u(k)}"5¿§�

÷vDirichlet̂ �§3tv
�(t > NT )�§�¦ÑÑÚÑ\&ÒÑ7
Lª�u""
é{y(k)}Ú{u(k)}?1lÑFá�C�

Y (jn∆ω) =
N−1∑
k=0

y(k)e−j 2πnk
N

U(jn∆ω) =
N−1∑
k=0

u(k)e−j 2πnk
N , n = 0, 1, · · · , N − 1

(7)

Ù¥∆ω = 2π
NT§þª¥k��¦Ú�O
Ã¡È©"
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I�5¿§XJÑ\ÑÑ&ÒØ÷vDirichlet̂ �§KØU?1Fá�C
�"ù���O��{§�±é&Ò����ê?1Fá�C�"b½
&Ò��ê�±÷vDirichlet̂ �§K�±y²§^{ü��©�§{

∆y(k) = y(k + 1)− y(k)
∆u(k) = u(k + 1)− u(k)

(8)

?1lÑFá�C�§Ó��±��L§�ªÇ�A§=

G(jn∆ω) =
DFT (∆y(k))

DFT (∆u(k))
(9)

?1lÑFá�C��§�\¯O��Ý§JpO��Ç§��Ñæ
^¯�Fá�C�(FFT)�{5�¤"
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2 d¢�ªÇ�AE£D4¼ê

? |^Bodeã�{¦D4¼ê

XJ¢�ÿ½
XÚ�ªÇ�A§K�±|^ÌªA5­�!�ªA
5­�ÚÌ�A5­�¦�D4¼ê§=Bodeã�{"

? ªÇA5[Ü�Levy{
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ªÇA5[Ü�Levy{
XJ®²¼�L§�¢ªA5Re(ω)ÚJªA5Im(ω)§K�|
^Re(ω)ÚIm(ω)5�OL§�D4¼ê"������ L§�D4¼
ê�¤

G(s) =
bmsm + · · ·+ b1s + b0

ansn + · · ·+ a1s + 1
(10)

ª¥n > m§éA�ªÇ�A�

G(jω) =
(b0 − b2ω

2 + b4ω
4 − · · · ) + jω(b1 − b3ω

2 + b5ω
4 · · · )

(1− a2ω2 + a4ω4 − · · · ) + jω(a1 − a3ω2 + a5ω4 · · · )

=
α(ω) + jβ(ω)

σ(ω) + jτ(ω)
≡ N(jω)

D(jω)
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Pëê�þ�
θ = [b0, b1, · · · , bm, a1, · · · , an]

�¢ÿ�ªÇA5êâ

G∗(jωi) = Re(ωi) + jIm(ωi), i = 1 ∼ N (11)

3ªÇ:ωiþ§�O�ªÇ�A�¢ÿ�ªÇ�A�Ø�P�

εi = εi(jω) = G∗(jωi)−G(jωi)

= Re(ωi) + jIm(ωi)− N(jω)
D(jω)

(12)
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Pëê�þ�
θ = [b0, b1, · · · , bm, a1, · · · , an]

�¢ÿ�ªÇA5êâ

G∗(jωi) = Re(ωi) + jIm(ωi), i = 1 ∼ N (11)

3ªÇ:ωiþ§�O�ªÇ�A�¢ÿ�ªÇ�A�Ø�P�

εi = εi(jω) = G∗(jωi)−G(jωi)

= Re(ωi) + jIm(ωi)− N(jω)
D(jω)

(12)

æ^���¦OK§=

J =
N∑

i=1

‖ε(jωi)‖2 = min (13)

�Kþ`�±¦�D4¼êG(s)�Xê"�´§ù�Ø�OK'uëê
�m´��5�§)ù«4��¯K��(J"
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Pëê�þ�
θ = [b0, b1, · · · , bm, a1, · · · , an]

�¢ÿ�ªÇA5êâ

G∗(jωi) = Re(ωi) + jIm(ωi), i = 1 ∼ N (11)

3ªÇ:ωiþ§�O�ªÇ�A�¢ÿ�ªÇ�A�Ø�P�

εi = εi(jω) = G∗(jωi)−G(jωi)

= Re(ωi) + jIm(ωi)− N(jω)
D(jω)

(12)

æ^���¦OK§=

J =
N∑

i=1

‖ε(jωi)‖2 = min (13)

�Kþ`�±¦�D4¼êG(s)�Xê"�´§ù�Ø�OK'uëê
�m´��5�§)ù«4��¯K��(J"Levy?�
ª(13)�Ø�
OK§JÑæ^Xe�\����¦OK"

J =
N∑

i=1

‖D(jωi)ε(jωi)‖2 (14)

ùÒ¦�¯KC¤�54�z¯K"
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�âª(11)Úª(12)§ª(14)�±�¤

J∗ =
N∑

i=1
‖ei‖2 =

N∑
i=1

‖(Pi + jQi)D(jωi)−N(jωi)‖2

=
N∑

i=1
‖H(ωi) + jF (ωi)‖2

=
N∑

i=1
[H2(ωi) + F 2(ωi)]

(15)

Ù¥

H(ωi) = Piσ(ωi)−Qiτ(ωi)− α(ωi)

F (ωi) = Qiσ(ωi) + Piτ(ωi)− β(ωi)
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�âª(11)Úª(12)§ª(14)�±�¤

J∗ =
N∑

i=1
‖ei‖2 =

N∑
i=1

‖(Pi + jQi)D(jωi)−N(jωi)‖2

=
N∑

i=1
‖H(ωi) + jF (ωi)‖2

=
N∑

i=1
[H2(ωi) + F 2(ωi)]

(15)

Ù¥

H(ωi) = Piσ(ωi)−Qiτ(ωi)− α(ωi)

F (ωi) = Qiσ(ωi) + Piτ(ωi)− β(ωi)

-∂J∗

∂θ = 0§½=

N∑
i=1

[
H(ωi)

∂H(ωi)

∂θ
+ F (ωi)

∂F (ωi)

∂θ

]
= 0 (16)
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½Â

V2k =
N∑

i=1

ω2k
i k = 0, 1, 2, · · · , m

S2k =
N∑

i=1

Piω
2k
i k = 0, 1, 2, · · · , [

m + n

2
]

T2k+1 =
N∑

i=1

Qiω
2k+1
i k = 0, 1, 2, · · · , [

m + n

2
]

U2k =
N∑

i=1

(P 2
i + Q2

i )ω
2k
i k = 0, 1, 2, · · · , n

ª(16)²�n¦�
θ = Φ−1Y (17)
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Ù¥

Φ =



V0 0 −V2 0 V4 · · · T1 S2 −T3 −S4 T5 · · ·
0 V2 0 −V4 0 · · · −S2 T3 S4 −T5 −S6 · · ·
V2 0 −V4 0 V6 · · · T3 S4 −T5 −S6 T7 · · ·
0 V4 0 −V6 0 · · · −S4 T5 S6 −T7 −T8 · · ·
V4 0 −V6 0 V8 · · · T5 S6 −T7 −S8 T9 · · ·

· · · · · ·
T1 −S2 −T3 S4 T5 · · · U2 0 −U4 0 U6 · · ·
S2 T3 −S4 −T5 S6 · · · 0 U4 0 −U6 0 · · ·
T3 −S4 −T5 S6 T7 · · · U4 0 −U6 0 U8 · · ·
S4 T5 −S6 −T7 S8 · · · 0 U6 0 −U8 0 · · ·
T5 −S6 −T7 S8 T9 · · · U6 0 −U8 0 U10 · · ·

· · · · · ·


Y = [ S0 T1 S2 T3 S4 · · ·︸ ︷︷ ︸ 0 U2 0 U4 0 · · ·︸ ︷︷ ︸]T

m + 1��� n���

)ª(17)B�¦��A�D4¼ê�Xê"
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~2.2 ,XÚ^ªÇÿÁ¤¤P¹�ªÇ�AêâXL2.3¤«"
ULevy{?1ªÇA5[Ü§����.�

G(s) =
3.5908s + 0.9852

4.7804s2 + 5.760s + 1

L2.3 ,XÚ�ªÇ�AA5

f(Hz) 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08

Am 0.75 0.74 0.74 0.73 0.72 0.70 0.69 0.68

Phi −0.06 −0.12 −0.17 −0.23 −0.28 −0.33 −0.38 −0.45

f(Hz) 0.10 0.13 0.20

Am 0.75 0.74 0.74

Phi −0.52 −0.63 −0.82


XÚ�ý¢�.�

G(s) =
3.6s + 1

4.8s2 + 5.8s + 1

��§dLevy{�O¤��.�°Ý´'�p�"�~¥ªÇ�AA5
�ÿþ°Ý¿Øp§�°(�� k�êi"XJÿþ°Ý�p
§K
�OëêA�°(
"
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duMatlab́ 8c�61���XÚ9Ï�Oóä§mu§S��Çé
p§¤±Matlab®¤���XÚó§�Ä��?§óä§?19Ï�O
Ú�ý�y"�~�Matlab
§Sexample22.m�

clear all;
w=[0.01,0.02,0.03,0.04,0.05,0.06,0.07,0.08,0.1,0.13,0.2].*2.*pi; %�ªÇ
Am=[0.75,0.74,0.74,0.73,0.72,0.70,0.69,0.68,0.64,0.59,0.48]; %ÌªA5
Phi=[-0.06,-0.12,-0.17,-0.23,-0.28,-0.33,-0.38,-0.45,-0.52,-0.63,-0.82]; %�ª
A5
P=Am.*cos(Phi); %ªÇ�AA5�¢Ü
Q=Am.*sin(Phi); %ªÇ�AA5�JÜ
H=P+i.*Q; %ªÇ�AA5
[n,d]=freq2levy(H,w,2,1); %Levy{ªÇA5[Ü
[n1,d1]=invfreqs(H,w,1,2); %óä�¥�ªÇA5[Ü¼ê
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þã�è¥N^�Levy{ªÇA5[Ü¼êfreq2levy¿Ø´Matalbóä�
¥®k�¼ê§
´^rmu�"freq2levy¼ê3Freq2levy.m©�¥½
Â§
§SXe

function [num,den]=FREQ2LEVY(H,w,na,nb)
% FREQ2LEVY Analog filter weighted least squares fit to frequency
% response data by Levy algorithm· · ·
% [NUM,DEN]=FREQ2LEVY(H,W,NA,NB) gives real numerator and denom-
inator
% coefficients NUM and DEN of orders NB and NA respectively, where
% H is the desired complex frequency response of the system at
% frequency points W, and W contains the frequency values in radians/s.
% FREQ2LEVY yields a filter with real coefficients. This means that
% it is sufficient to specify positive frequencies only; the filter
% fits the data conj(H) at -W, ensuring the proper frequency domain
% symmetry for a real filter.
P=real(H); Q=imag(H); M=length(w);
for i=1:2:na+nb+1

L(i)=sum(w.ˆ (i-1)); S(i)=sum(w.ˆ (i-1).*P);
S(i+1)=sum(w.ˆ i.*Q); U(i+2)=sum(w.ˆ (i+1).*(P.ˆ 2+Q.ˆ 2));

end ii=[1,1];
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for i=1:na ii=[ii -ii(2*i-1:2*i)]; end
Gxx=L(1:na).*ii(1:na);
Gxy=S(2:nb+2).*ii(1:nb+1); Gyy=U(3:nb+3).*ii(1:nb+1);
for i=1:na-1

Gxx=[Gxx; -Gxx(1,2:na) L(na+i)*ii(na-i)];
Gxy=[Gxy; -Gxy(i,2:nb+1) S(nb+2+i)*ii(na-i)];

end
for i=1:nb

Gyy=[Gyy; -Gyy(i,2:nb+1) U(nb+i+3)*ii(nb+1-i)];
end
G=[Gxx, Gxy; Gxy’, Gyy];
V=[S(1:na).*ii(1:na), U(2:nb+2).*ii(1:nb+1)]’;
V1=inv(G)*V; num=V1(nb+1:-1:1)’; den=[V1(na+nb+1:-1:nb+2)’ 1];
num=num/den(1); den=den/den(1);

freq2levy¼ê¥§H, w, na, nb�Ñ\ëê§num, den�ÑÑëê§¼ê
`²�é��;��5º�é§KJø
T¼ê��Ï&E"
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