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(Ü 1/f D(&ÒõÇÌ�ªÇ¤�'Cz�'X, ±9DÕ©)�±�â&Ò(¹�E�f¥�A:, JÑ
�«ÄuDÕ©)�O�õÇ��N-1ì 1/f D(�#�{, �E
ä� 1/f D(A:�L��¥. 3TL��
¥¥ÏL Matching Pursuit �{�¤
xD(� 1/f D(·U&Ò�DÕ©). ¢�(Jw«: T�{�OÑìv
3xD(�¸¥ 1/f D(� γ ëê, �ªÌ©Û¤�ÿþ(Jk�Ð���5, ÏLé'ØÓ�L��¥y²
¤
�E�L��¥�`�5.
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1 Ú ó

1/f D(´g,.ÊH�3��«�²­�
ÅL§, ���«k��ì���5µdóä, 1

/f D(ëê�O3��Nì���þÚ��5µ
d¥��
2��A^ [1−3]. �õÇ��N-1
ì�D(¥, 1/f D(~ìv3xD(¥, dux
D(rÝÚ 1/f D(rÝ��, ÊÏ�D�{Ã
{¢y&Ò©l, Ïd 1/f D(�J��{��
´ïÄ9:. Wornell �� 1/f D(�ëê�Oó
�, y²
Ù�ÅXê���ºÝCz�A:, J
Ñ
��q, (ML) ëê�O�{ [4], 3d��,

©z [5] JÑ
3®�&D'cJe��O�{,

©z [6] JÑd��ºÝe��ÅXê��?1
�X�$�?1ëê�O. �¢�¿�Q3�Å
J� 1/f D(�{¥JÑ
�«Äu�Å���
¦{�D(ëê�O�{ [7]. ±þ�{Ñ´±�
Å©)�cJ, 
�©æ^
�«�#�êÆ�
{, =DÕ©) (sparse decomposition). DÕ©)´
d Mallat Ú Zhang 3 1993 cÄkJÑ�, ¦��

ÑÏL&Ò3L��¥ (over-complete dictionary)

þ�©) [8], ©)L§¥^5L«&Ò�Ä�±
g·A��â&Ò���A:(¹À�, l
ò&
Ò©)�����~{'�DÕL« (sparse repre-

sentation). DÕ©)®²3�f&Òuÿ�¡��

2�A^ [9]. ìv3xD(¥� 1/f D(ëê�
O�áu�f&Òuÿ¯K, �©(Ü 1/f D(&
ÒõÇÌ�ªÇ¤�'Cz�m²A:, |^DÕ
©)¤õ�O
 1/f D(� γ ëê, �DÚ��Å
�{��ØÓ.

2 �õÇ��N-1ì¥� 1/f D(
�.

�õÇ��N-1ì¥�$ªD(Ï~�)
xD(!1/f D(Ú g-r D(, ´dì�¥�,�
Ú"�¤Úå, X�z��²!¬� �!.¡�
�²� [10,11], Ù¥ 1/f D(´âf8N$Ä¥�
��ÊHÞáy�, Ó��´XÚSÜA5���
�N, Ïd¤�
��Nì���5©Û¥�­�
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óä.

�â van der Ziel Ú Harder �<é$ªD(�
©Û, $ªD(Ì�©�*Ñ 1/f D(ÚEÜ 1/f

D(üa [12]. *Ñ 1/f D(Ì�´ì�[£ÇÞ
áE¤�f*Ñ>6ÞáÚå�, ÙõÇÌ�Ý�
Ì[£ÇÞá�. [12]; 
EÜ 1/f D(Ì�´d
L¡�z�!�m>Ö«!.¡��?��²¥
%é16f��ÅÐ¼�u�Úå�, ÙD(�û
u�²�Ý��, ÙõÇÌ�Ý�Ì16fÞá�
. [12].

�â[£ÇÞáÅn, *Ñ 1/f D(õÇÌ�
Ý�Ñ\>6kXe'X:

SID(f) =
αqID

fτ
, (1)

Ù¥ SID(f) �*Ñ 1/f D(õÇÌ, ID �*Ñ>
6, α � Hooge ~ê, q �>f>þ, τ ��fÆ·,

f �ªÇ.

�â16fêÞánØ, ÙEÜ�Ç GR Þá
õÇÌ SGR(f) 9EÜ>6 IR õÇÌ SIR(f) �©
OL«�

SGR(f) = B · kTNt

ln(τ2/τ1)
· 1
f

, (2)

SIR(f) = (qn1A) · B · kTNt

ln(τ2/τ1)

× 1
f
·
(IR

I0

)2βVa/V

, (3)

Ù¥é¡(L¡©þ Va = 0.5 V, .¡ÎÜ>6n
�Ïf β = 2, B �~ê, �þª�{z�

SIR(f) = (
qn1A

I0
)2 · B · kTNt

ln(τ2/τ1)
· 1
f
· I2

R. (4)

du$ª 1/f D(Ì�kþãüÜ©|¤, K>
6 1/f D(�L«�

SI(f) =
αqID

fτ
+(

qn1A

I0
)2 ·B · kTNt

ln(τ2/τ1)
· 1
f
·I2

R. (5)

�â>6D(Ú>ØD(�'X��

SV(f) =
( dV

dI

)2

· SI(f) = (Rd)2 · SI(f), (6)

Ù¥ Rd ��©>{, �L«� Rd =
nkT

Iq
+ RS,

n��¹e n = 2, RS �Gé>{, ò SI(f) L�
ª�\þª, ���>Ø 1/f D(Ì

SV(f) = A + B
IβV

fγ
+

C

1 + (f/f0)2
, (7)

Ù¥ A �xD(�ÌÝ, B Ú γ ©O� 1/f D(�
ÌÝÚªÇ�êÏf, βV �>ØD(�>6�ê,

C Ú f0 ©O� g-r D(�ÌÝÚA�ªÇ. Ï~@
��k­7á,�Ú ��3��Nì�B�¥
Ú\�U?�, â¬*ÿ�²w g-r D(, Ïd (7)

ª¥1nÜ©�±�Ñ, Ó��>6��½�, (7)

ª¥1�Ü©�©f¤�~ê, Ïdò (7) ª­�
�

S(f) = A +
B

fγ
, (8)

dL�ªÒ´�©¥¤^� 1/f D(�..

3 1/f D(�DÕ©)

DÕ©)��{®²JÑ
éõ«, �©æ^
´ Mallat JÑ� MP �{. �
��&Ò�DÕ
©), Ä��E7L3&Ò�mv
�, �Ò¿�
XÄ���5Ø2��y, Ä��ê�Ø2I�Ú
�&Ò��ê�±��, òù��ÄU¡��f,

dù
�f|¤�8Ü, ¡�L��¥ [8,13], ·�
^ D = {gγ}γ∈Γ L«, Ù¥ gγ �dëê γ ½Â�
�f, Γ �ëê| γ �8Ü. MP �{�©)L§X
e:

ÄklL��¥¥ÀÑ��©)� N �&
Ò f �����f gγ0 , ¦Ù÷v∣∣〈f, gγ0〉

∣∣ = sup
γi∈Γ

∣∣〈f, gγ1〉
∣∣, (9)

d�, �&Ò f �©)�

f = 〈f, gγ0〉gγ0 + R1f, (10)

Ù¥1�Ü©� f 3�Z���f gγ0 þ�ÝK,

1�Ü©�ÝK� f �í{, UYé�Z����
íþÏé�Z���f, ­E±þ�©)L§, =

Rlf = 〈Rlf, gγl
〉gγl

+ Rl+1f, (11)

Ù¥ gγl
I÷v∣∣〈Rlf, gγl

〉
∣∣ = sup

γi∈Γ

∣∣〈Rlf, gγl
〉
∣∣, (12)

²Lõg©)�, &ÒÒ�©)�

f =
L−1∑
l=0

〈Rlf, gγl
〉gγl

+ RLf, (13)

du
∥∥RLf

∥∥ �P~A5, ���¹e, S� L <<

N g�, ÒU^ L ��fL�&Ò�Ì�¤©, =

f ≈
L−1∑
l=0

〈Rlf, gγl
〉gγl

, (14)

l
�¤
&Ò�DÕ©), L ¿ N �Ny
&
ÒDÕ©)�g�.
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d±þL§�±wÑ, MP �{�z�gS�
L§Ñ�ÚL��¥¥��f�)SÈ$�, Ïd
�f��EéDÕ©)�¢yåX�'­���
^. 3ÏLDÕ©)J�&Ò�L§¥, �â&Ò
�g�A:, òL��¥¥�f�E¤äk��J
�&ÒaqA:�&Ò, âUk��J�Ñ8I&
Ò. d (8) ª��: 1/f D(�(�A:´ÙõÇÌ
�Ý�ªÇ f U 1/fγ �5ÆCz, 
·U3�å
�xD(´�Å�, Ø�'�, ¿vk²w�(�
A:. Ïd, (ÜDÕ©)�±(¹�E�f�A
:, ±9 1/f D(õÇÌ�Ý�ªÇ f U 1/fγ 5
ÆCz�A:, JÑ
DÕ©)�O 1/f D(ëê
��{, äNÚ½Xe

Ú½� ÏLêâæ8kæ8�õÇ��N-
1ì���&Ò, ¿¦ÙõÇÌ�Ý, P� S.

Ú½� �â (8) ª 1/f D(õÇÌ�Ý�(
�A:, òL��¥¥�f�E� 1/f i ��, =

gi = 1/si, (15)

4 i 3 γ �����Sþ!��, /¤äk 1/f D
(A:�L��¥ D.

Ú½n �â (9) Ú (10) ª, 3 D ¥À���
��f g0, ò S ©)�ÝK�í{:

S = 〈S, g0〉g0 + S1. (16)

Ú½o 3÷vª (12) �cJe, éí{­E
Ú½n, =

Sl = 〈Sl, gl〉g0 + Sl+1, (17)

²Lõg­E, S �©)�

S =
L−1∑
l=0

〈Sl, gl〉gl + SL. (18)

Ú½Ê �â ‖SL‖ �P~A5, � ‖SL‖ v

��, Ê�S�, �¤ S �DÕ©):

S =
L−1∑
l=0

〈Sl, gl〉gl. (19)

Ú½8 *	DÕ©)��Xê9ÙéA��
f, ©Û������f3©)�¤Ó��­, ±
d��â, �OÑ 1/f D(� γ ëê.

4 ¢�(J�?Ø

dêâæ8kæ8�,�õÇ��N-1ì
���&ÒXã 1 ¤«, æ�±Ï ∆T = 77.67 µs,

æ�: N = 210, ÙõÇÌ�ÝXã 2 ¤«, �
±²wwÑ 1/f D(é�f, ��ìv3xD(
�µe. �âþ©�nØÄ:, òL��¥¥�
�f�E¤ gi = 1/f i, ªÇ�ê γ �����
� [0.8, 1.2], �
�°(��O&Ò, ò i ����
�§�� [0, 2], i 3g��Sþ!� 4000 ���
EL��¥, °Ý� 5 × 10−4.

ã 1 ¢S*ÿ&Ò

ã 2 õÇÌ�Ý

L 1 DÕL�ª�Xê

ªÇ�ê Xê �­/%

0.00005 0.2630 0.19

0.048 −1.8253 1.33

0.0920 −3.6795 2.68

0.1550 −3.2911 2.40

0.3305 4.3063 3.14

0.4605 −7.1744 5.22

0.6320 8.5856 6.25

0.8915 −18.9486 13.80

1.0445 29.7337 21.65

1.2305 −26.9006 19.59

1.4365 18.2844 13.32

1.6495 −9.4597 6.89

1.8670 3.8058 2.77

1.9995 −1.0586 0.77

ïá (15) ª�E�L��¥, ²L MP �{é
·U&Ò?1DÕ©), ©)���
�©&Ò�
DÕL�, DÕ:éA�ªÇ±9�A�XêÚT

034208-3



Ô n Æ � Acta Phys. Sin. Vol. 61, No. 3 (2012) 034208

Xê3¤kXê¥¤Ó�'­, XL 1 ¤«. Ù¥
1��� MP �{ÀÑ�����f¤éA�ª
Ç�ê, Ù{ªÇ�ê?�XêÑ� 0, ¿©Ny

DÕ5; 1�!n�©O�VªÇ�ê?¤éA
�Xê±9¤Ó�­. ò�DÕ:�ªÇ�ê�é
A�­�¦, ��¦Ú, B��
 γ ëê��O�:

γ̂ = 1.0431.

é�©&ÒDÕ©)��õÇÌ�ÝXã 3

¤«. ã¥[¢���©&ÒõÇÌ�Ý, o¢�
��O&Ò�õÇÌ, �±wÑ�O&Ò��Ì�
ªÇ�O�
wÍ~�, ®LyÑ²w� 1 /f D(
A5, o¢��OÑ
 1/f D(�­�, �Ø
�
þxD(. oJ�´±þ©¥�OÑ� γ̂ �Kê
= −1.0431 ��Ç�Ñ���, ÏLÚ�©&Ò9
�O&Ò���é ��±wÑ, 3$ªãTõÇ
Ì�ÌÝUì γ̂ = 1.0431 �5Æ�ªÇ
UC, ?

�Ú`²
�OÑ�&Ò� 1/f D(.

d	, 3Ø��©&ÒA���¹e, DÕ©
)~æ^ Gabor �f¥ [14] ��J�&Ò��U�
f¥, =

gγ =
1√
s
g
( t − u

s

)
cos(vt + w), (20)

Ù¥ g(t) = e−πt2 ´pdI¼ê, γ = (s, u, v, w)

´�ªëê, 3�f¥¥, ���fdþã 4 �ë
êû½, Ù¥ s ´ºÝÏf, u ´ £Ïf, v ´�
fªÇ, w ´�f� , Uì�e�{lÑz:

γ = (aj , N/2, ka−j∆v, i∆w), (21)

Ù ¥ a = 2;∆v = π;∆w = π/6; 0 < j <

lb N ; 0 < k < 2j+1; 0 < i < 12, N �&Ò�Ý.

Uì (20)!(21) üª�E Gabor �f¥��é
'¢�, ¢�(JXã 4 ¤«.

ã 3 �O&Ò�õÇÌ�Ý

ã 4 Gabor �f¥e��O&ÒõÇÌ�Ý

ã 4 ¥¢���©&ÒõÇÌ�Ý, J���
O&Ò�õÇÌ. �±wÑ�O&Ò��©&Ò�
', ¿��)²wCz, =�UJ�Ñ�©·U&
Ò¥äk²wA�� 1/f D(&Ò, ¿©`²
3

DÕ©)¥�f¥�E�­�5, �y²
�©¥
�E��f¥�~k��«©m
 1/f D(&Ò
ÚxD(.

�
?�Ú�y�Oëê�O(5, 3�Ó
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�ÿÁ^�e, ^$ªªÌ©Û¤ÿþ
-1ì
� 1/f D(õÇÌ, ÿÁ(J γ̂ = 1.07, ��©�
OÑ�ëêk�Ð���5, ¿©`²�©JÑ�
ëê�O�{´k��1�, �±3xD(CX�
¸eO(�OÑ 1/f D(�ëê.

5 ( Ø

�©�â 1/f D(õÇÌ�ªÇk5ÆCz

�A:, �E
äk�qA���f±9L��¥,

¿JÑ^DÕ©)�Oìv3xD(¥ 1/f D(
ëê��{. ¢�(Jy², �©�E��f¥±
9JÑDÕ©)�{O(k���OÑ
 1/f D
(� γ ëê, �¤�OÑ�ëê�$ªªÌ©Û¤
�ÿþ(Jäk�Ð���5, �y
��{��
15, ��Y��N-1ì 1/f D(�ëêuÿJ
Ñ
#���.
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Abstract

Considering that the power spectral density of 1/f noise signal varies inversely with frequency and sparse decomposition is able

to create dictionaries according to signals’ own features, in this paper we propose a new method to estimate the parameter of 1/f

noise of high power semiconductor laser diode based on sparse decomposition, and create a dictionary whose feature is similar to

1/f noise. Sparse decomposition of white noise and 1/f noise aliased signal is implemented by Matching-Pursuit (MP) algorithm.

The experimental results indicate that sparse decomposition could effectively estimate the parameter γ of 1/f noise signal covering

white noise and the estimated parameter is in accordance with the measured result of spectrum analyzer. Finally, the superiority of the

dictionary created in this paper is illustrated by comparing with a different dictionary.
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