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1 Ú ó

m'C�ì´m'>�Ø%, A�¤k�ó
�!¬^m'>ÑdÙ�¤, ´8cp�Ç!p
¬���g>UC�Ú|^���Ä:. ,��
¡, m'C�ì¥%¹X´L���5y�, �)
©
!��áÚfÚ·by��, ÙÌ�5´>
´¥�3X��5m'�� (>å�4+!>å|
�A¬N+�) Ú��5���{, XóÀ°ÝN
� (PWM) Eâ�. 8c, ém'C�ì�Oó§�
��Ô�´rNDÚ��5�{ (Fp�Ú.Ê.
dC�!D4¼ê�), ù
�{ØUÉG>´�
��5y��ýÿd�4$ [1]. m'C�ì´�
�;.m'��XÚ, �´���¹Ü6ÚëYC
þ�·,XÚ, §�±^u£ã��a¢S�>í
XÚ, ïÄ§�½$1Ú��5A5�£ã�{,
òé�¡
)ùa>íXÚJønØÄ:, ddJ
p>í���$1A5Ú��5, �ò�
)da
ÔnXÚÄåÆA5Jø�«½þ½½5�©Û

�{.
�6 - �6 (DC-DC) m'C�ì´>å>f

Æ�¥���Ä��C�ì, �´�ïNõÙ¦
a.m'C�ì�Ä�|¤Ü©, §2�/A^u
O�Å>!ÏÕ>!��>¥, �é§�$
1½5nØÚ��5A5©Û�´��JK. ©
�!oäÊìÅ�êÚ��3 DC-DC m'C�ì
��5XÚ�A�I�Ú©Û�ä¥äké��
^å [2,3], �%�3�g�Û�5, ØU�¡©Û�
�5ÄåXÚ, AO´©ã1wXÚ�½5Ú�
�5§Ý [4,5]. Äu Lempel-Ziv (L-Z) E,Ý [6−9]

� DC-DC m'C�ì��5©ÛÓ�ØU·^u
©ã1wXÚ¥ [10]. 8cØ Tse[11] JÑS�½
�â xn+1/xn 	, �vk���±2�·^�½
�âÚ��5§Ý©Û�{, ù� DC-DC m'C
�ìëê�O�5�½�(J. Ïd, |^ DC-DC
m'C�ìg��A:JÑ�«O�{ü¿2�
·^�½�âÚ��5A5þz�{, òkÏu
¢S DC-DC m'C�ì9Ù¦m'C�ì>´�
�O.
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lé¼>´m©, ©ã1wõòÅ>´XÚï
á
·by����5>´�m�éX, ùé·b
��5ïÄ´��p§ª��z. Lü� [12−15]

��\ïÄÿÐ
õòÅ>´ÄåÆXÚ�u)
ÅnÚ>´a., ¿�2�$^uÿ°&Òª�Ú
Ï&S�!���+�. DC-DC m'C�ì·b
y��ïÄ¢�uõòÅ>´, �� 20 V 90 c
�âÏó§þ�I�m©�Æâ.¤À. DC-DC
m'C�ì�õòÅ>´��Ó�?3u§�Ñ
´©ã1wXÚ [16,17], üöÑIÏL�äCþ¤
?«��méÄåÆXÚ?1��. �õòÅ
>´ØÓ�?K3u DC-DC m'C�ì´�«Ï
L PWM ¿|^��Nm'ì�?1���lÑ
S�N�XÚ, lÃ{�)õò·b�, Ùz�
©ã�>´ÿÀ(���u)UC, >´(�E,
5u)UC. õòÅ>´´�«�©©ãÄåX
Ú, Ùz�©ã�>´�NÿÀ(�ØC, >´(
�E,5ØC. Ïd, |^ DC-DC m'C�ìÿÀ
(�Cz�A:ïÄÙ½5Ú��5A5. �©
æ^ÎÒÄåÆ�{, (Ü©Û DC-DC m'C�
ìÿÀ(��UC, Áãâ»± lÑ�§�ïÄ
�{, ¦ DC-DC m'C�ì©
!·b¯K�ï
Äk��#�uÐ.

�©3 Tse � [18−20] JÑ�m'�¬�Ä:
þ, ÏLiÿ DC-DC m'C�ì©ã1wXÚz
�m'±Ï¥�m'G��Cz, $^O�ÅÜ
6$�¥�?�=�?���{JÑ�«#.�
m'�¬Vg, ^±þzü�m'±Ï�E,§S
¿ïáÙÎÒ�mS�. ,�, �âÎÒ�mS�
Ú L-Z E,Ý�¿Â, JÑ�é©ã1wXÚ��
� L-Z E,ÝVg. ÏL�� L-Z E,Ý�UC½
þ£ãXÚó��ª�=�Úó�G��UC, ¿
òÙ��þÝ©ÛC�ì�½5!��5ÚE
,§Ý�óä, l�ó§�O<
Jø���*
���5A�þ, �ÏÙ�OÑ����½�m
'C�ì. ��, ±>6�". buck C�ì�~,
l��Å/Ú«Å�Å©þ�¡^�� L-Z E,
Ý©ÛXÚA5.

2 Äu DC-DC m'C�ì�m'�¬
ÚÎÒ�mS�

3 DC-DC m'C�ì¥, XJm'ì� (m'
+Ú>å�4+�) �êþ� N , @oò¬k 2N

«m'�ª. ¯¢þ, 3C�ì$1L§¥, ¿Ø´

¤k�m'�ªÑ¬�$^�, ù�ûu¤^��
��{ÚXÚ�D��ª [18]. m'C�ì©ã1
wXÚ¤²{�����±Ï7L�)áÂÚº
�UþL§, ,
m'�ª��^´-XÚ�;U
��;�Uþ, ,�
m'�ª��^K´¦;U
��º�Uþ. ;�Uþ�m'�ªo¬3��
m'±Ï¥`kÑy, �â¬Ñyº�Uþ�m
'�ª [1]. �âm'C�ì�ù�A:, JÑ�«
#.�m'�¬Vg. e¡±�¹ü�m'ì�
� DC-DC m'C�ì�~?1`².

buck, boost, buck-boost Ú�-ªC�ì��Ì
>´ (©OXã 1, 2, 3 Ú 4 ¤«) Ñ�¹k��m
'+ S Ú���4+ D, Ïd¬Ñy 22 = 4 «m'
�ª:

(S,D) = (on, on), (S,D) = (on, off),

(S,D) = (off, on), (S,D) = (off, off),
(1)

Ù¥ on Ú off ©OL«m'ì���ÏÚ'ä. �
´3C�ì¢S$1L§¥, Ï�ü�m'ì�
ØUÓ��Ï, m'�ª (S,D) = (on, on) ¿Ø�
3, �k�n«m'�ª�3. d«C�ì�Ù¦
Ì>´���> E, >^�� L (>a½CØì),
>N C ÚK1 R, Ù¥ L Ú C ´;U��. XÚ
?um'�ª (S,D) = (on, off) �, ;�Uþ; ?
um'�ª (S,D) = (off, on) Ú (S,D) = (off, off)
�, º � U þ.  � (S,D) = (off, off) o ?
u (S,D) = (off, on) � �, Ï � � k � > ^
� ��� º ��U þ �, D â ¬ ' ä. Ï
d, 3 � � m ' ± Ï ¥ m ' � ª S � o ´
� (S,D) = (on, off) → (S,D) = (off, on) → (S,D)
= (off, off), XJc��m'�ª3��m'±
ÏØÑy, K7ò¬Ñye�«m'�ª, ¿�
dS�Ø¬�SÑy. ��m'±Ï¥ò�õ
Ñ y n « m ' � ª, ^ n � ? � ? è b1, b2

Ú b3 © O L « n « m ' � ª (S,D) = (on, off),
(S,D) = (off, on) Ú (S,D) = (off, off) �Ñy�¹,
Ù¥ bi = 0 Ú bi = 1 (i = 1, 2, 3) ©OL«Tm'
�ª3��m'±Ï¥ØÑyÚÑy. $^�§

(b1 b2 b3) = (B)10, (2)

ò � ? � S � = z�� ? � m ' � ¬ B.
~ X, 3 � � m ' ± Ï ¥, é u m ' � ª S
� (S,D) = (on, off) → (S,D) = (off, on) → (S,D)
= (off, off), `²n«m'�ªÑ�gÑy, k b1 =
b2 = b3 = 1, Ï d m ' � ¬� B = (111)2 =
7; é u m ' � ª S � (S,D) = (on, off) →

110504-2



Ô n Æ � Acta Phys. Sin. Vol. 61, No. 11 (2012) 110504

(S,D) = (off, on) → (S,D) = (off, off), 1�«m'
�ªØÑy�ü«m'�ª�gÑyk b1 = 0,
b2 = b3 = 1, Ïdm'�¬� B = (011)2 = 3.

3d½Â�m'�¬VgU
�ß/`²C
�ì3z��m'±Ï¥�E,§ÝÚ$=�¹.
3z�«m'�ª¥, XÚ��ë�ó��ê8Ñ
¬ØÓ, ë�ó����ê8�õ, `²T�ªe
XÚ$=�E,, ��½,. S ë�>´�E,5�
u D ë�>´�E,5. Ï��4+�kü4, ¿
���\\��>ØÒU¦Ò�ü4�Ïë�ó
�, m'+kn4, I\	\>´>u>u4â
U¦��Ïë�ó�. n«m'�ª�E,5©Û
�: �XÚ?um'�ª (S,D) = (on, off) �, buck,
boost, buck-boost Ú�-ªC�ì��k E, S, L, C

Ú R Ê«ì�ë�ó� (©OXã 1(a), ã 2(a),
ã 3(a) Úã 4(a) ¤«), E,§Ý�p; �XÚ?u
m'�ª (S,D) = (off, on) �, buck, buck-boost Ú
�-ªC�ì��k D, L, C Ú R o«ì�ë�
ó� (©OXã 1(b), ã 3(b) Úã 4(b) ¤«), boost

C�ìk e, D, L, C Ú R Ê«ì�ë�ó� (X
ã 2(b) ¤«), �´d�ë�ó�� D ' S E,5
$, Ïd, dm'�ªeE,ÝØ¥; �XÚ?um
'�ª (S,D) = (off, off) �, buck, boost, buck-boost
Ú�-ªC�ì�Ñ�k C Ú R ü«ì�ë�ó
� (©OXã 1(c), ã 2(c), ã 3(c) Úã 4(c) ¤«),
E,§Ý�$. Ïd, (1) ª¥ bi �üS®²�L

E,§Ý�`k?.

nþ¤ã, m'�¬ê��LXXÚ3��
m'±Ï¥�E,Ý. Xm'�¬ B = 7, `²3
��m'±Ï¥�kn«m'�ªÑy, ¿�u
)ügm'Ä�, E,5�r; m'�¬ B = 0,
`²3��m'±Ï¥XÚvk�«m'�ªÚ
m'Ä�Ñy, =C�ìØó�, d�E,5�f.
Ó�, 3¢S$1¥m'�¬ B = 5 Ø¬Ñy,
Ï�3>^��vD�Uþc�4+Ø¬'ä,
=Ø�UÑym'�ªS� (S,D) = (on, off) →
(S,D) = (off, on) → (S,D) = (off, off).
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ã 1 Buck C � ì (a) (S, D) = (on, off);
(b) (S, D) = (off, on); (c) (S, D) = (off, off)
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ã 2 Boost C�ì (a) (S, D) = (on, off);
(b) (S, D) = (off, on); (c) (S, D) = (off, off)

110504-3



Ô n Æ � Acta Phys. Sin. Vol. 61, No. 11 (2012) 110504

+
-

+
-

+
-

-
+

-
+

-
+

C

S

E

D

L

C

S

E

D

L

C

S

E

D

L
R

R

R

(a)

(b)

(c)

ã 3 Buck-boost C�ì (a) (S, D) = (on, off);
(b) (S, D) = (off, on); (c) (S, D) = (off, off)
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ã 4 � - ª C � ì (a) (S, D) = (on, off);
(b) (S, D) = (off, on); (c) (S, D) = (off, off)

$^aqªðN��{, 3XÚ�z��m'
±Ï¥éC�ì�m'ì�?1G�iÿ, ��m
'G�S�¿$^ (2) ª=z�m'�¬. �XX
Ú�$=���X��m'�¬, òÙ��iÎ
U�m^S|¤ÎÒ�mS�

S = B0B1B2 · · ·Bn · · · , (3)

Ù¥, Bi L«�1 i �m'±ÏéA�m'�¬.
Ïd, DC-DC m'C�ì©ã1w��5ÄåXÚ
�üz�ÎÒ�mS� (3) ª/¤ÿÀ�Ý, ù¦
�ÄåXÚA5�ïÄ�±8u'uÎÒ�mS
��ïÄ. ÎÒ�mS���{E,Ý�N
ÙÄ
åXÚ��{E,5 [7].

3 �� L-Z E,Ý

L-Z E,Ý´é?¿�½�k��ÝÎÒS�
E,5�Ýþ, O��B, ·^uáS��ïÄ, Ï
d�2�$^u��+�. m'�¬��iÎ, Ù

iÎ�����¹XXÚ3��m'±Ï¥�E
,§Ý, ù�± �I�ÎÒ¹Â�ÎÒ�mS�
iÎØÓ, ¤± L-Z E,ÝØU��`²©ã1w
XÚ�E,§Ý.�d, �â©z [3] 3 L-Z E,Ý
�Ä:þJÑ�� L-Z E,ÝVg.

�dk��ÎÒ|¤��Ý� n �ÎÒ�m
S�

S = B0B1B2 · · ·Bn, (4)

- πS L«ò S í�1��iÎ¤���iÎ
G (¡�c πíØö�) Ú SπL«ò S í���
��iÎ¤���iÎG (¡�� πíØö�), =

πS = B1B2B3 · · ·Bn,

Sπ = B0B1B2 · · ·Bn−1. (5)

l S �1 1 �iÎm©�Ù��ziÎ�'�, X
J1 1 �iÎ�iÎ��'1 i (i = 2, 3, 4, · · · ) �
iÎ�iÎ���, K^c π íØö�í� S �
c i − 1 �iÎ, ��#� S; l#� S �1 1, 2 �
iÎm©�Ù�z�ü�iÎ�'�, XJ1 1, 2
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�iÎ�iÎ��oÚ'Ù��1 2i−1, 2i (i = 2,
3, 4, · · · ) �iÎ���Ú�, K^c πíØö�í
� S �c 2i − 2 �iÎ, ��#� S; Xd�E2
^ 3, 4, · · · �iÎ�'������ S. 3m'C
�ì�$1L§¥, m'�¬'��� (X 7 Ú 6
�) o¬`kÑy, Ï��k§�¥â�¹X;�
Uþ�m'�ª. ¤±c π íØö�� S �´¬
�¹Xv
êþ�iÎþ, é�{E,Ý�¦)Ã
K�. ò����� S �iÎS�#½Â� B0,
B1, B2, · · · , Br, · · · , � ε ´d S �c r �iÎ B0,
B1, · · · , Br |¤�iÎG, ε = B0B1B2 · · ·Br, θ ´
3�¡#\�iÎG½iÎ¿Ág S �1 r + 1 �
iÎ Br+1, Kò|¤#�iÎG

εθ = B0B1B2 · · · BrBr+1. (6)

é εθ ?1� π íØö��� εθπ. - A(εθπ) L
« εθπ¥¤kØÓfiÎG�8Ü. XJ θ � εθπ

¥��ÜfiÎGÑØ�Ó, = θ /∈ A(εθπ), K¡ θ

�V\, V\� θ ��2���iÎ½iÎGO�
�5� θ, = θ = Br+2. Ó�, 3 ε ¥\\�5� θ,
¿3üö¥^ÎÒ · �m, /¤#fiÎG, ,�
E±þÚ½; XJ θ � εθπ¥,��fiÎG�Ó,
= θ ∈ A(εθπ), K¡ θ �E�, E�� θ ��J\
��iÎ½iÎG, = θ = Br+1Br+2, ,�E±
þÚ½; XJ θ E,�±l εθπ�,�fGE��
�, K2�Ä θ = Br+1Br+2Br+3 ¿Eþãö�.
��, ²LþãÚ½�, ÎÒ�mS� S �ÎÒ · ©
��õ�fiÎG, fiÎG��ê¡�ÎÒ�m
S� S � L-Z E,Ý C. �ém'�¬��ÎÒ�
LE,5ØÓ�A:, -dÎÒ · ©�¤�ØÓ
fiÎG¥iÎ�����iÎ��TfiÎG
�\�Xê, ¿ò��fiÎG��Xê�\¡�
XÚ��� L-Z E,Ý Cw. ÏdÎÒ · òÎÒ�
mS�©�¤ C �ØÓ�fiÎG, �1 j �fi
ÎG���ÎÒ��� Bj max, K S ��� L-Z E
,Ý�

Cw =B1 max + B2 max + B3 max + · · ·

+ Bj max + · · · . (7)

éuÎÒ�mS� S = 4747474 · · · ��� L-Z E
,Ý�d±eÚ½��:

1) kò S ?1�X��c π íØö�, �
� # � S = 74747474 · · · ; 2) � ε = B0 = 7,
θ = B1 = 4, εθ = 74, εθπ = 7, θ Ø´ εθπ�fiÎ
G, = θ /∈ A(εθπ), K εθ = 7 ·4·; 3) ε = B0B1 = 74,
θ = B2 = 7, εθ = 747, εθπ = 74, θ � εθπ �f

iÎG, = θ ∈ A(εθπ), θ ´E�, εθ = 7 · 4 · 7;
4) ε = B0B1 = 74, θ = B2B3 = 74, εθ = 7474,
εθπ = 747, θ� εθπ�fiÎG, = θ ∈ A(εθπ), θ

´E�, εθ = 7 ·4 ·74; 5) ±�AÚÑ�E 2) Ú 3),
=Ñ´E�, �� S = 7 · 4 · 74747474 · · · ; 6) ��
ÎÒ�mS��©� 3 ã. K C = 3, B1 max = 7,
B2 max = 4 Ú B3 max = 7. ¤± Cw = 7+4+7 = 18.

3 DC-DC m'C�¥, �� L-Z E,Ý´�

£ã©ã1wXÚ$1L§¥z�m'±ÏS
m'G�S�C��¯ú§ÝÚ��5§ÝJ
Ñ�. �� L-Z E,Ý��, `²XÚ�m'G�
S�C���¯, m'S�#�ª�õ, m'S�
�E5��, C�ì$=�±Ï5U�f, ��
5§Ý�r. ��, XJ�� L-Z E,Ý��, m
'S�#�ª��, m'S��E5U�Ð, C
�ì$=�±Ï5�r, ��5§Ý�f. Ïd, O
� DC-DC m'C�ì��� L-Z E,ÝU
£ã
ÑXÚ�G�u)Cz��¹, �±^�� L-Z E
,Ý5£ã DC-DC m'C�ì©ã1wÄåXÚ
G���m�Cz�¹Ú��5§Ý. ØL, � L-Z
E,Ý�Ó, ù�£ã�,´lêþþ?1©Û,
�dêþ¿Ø´E,Ý�(½�, ÏdØU�½þ
£ã, �U����ß�½5£ã. l½5�¡
w, XJm'S�C�ª�, C�ìÑÑ>Ø¥«
Å>Ø�¹��ÅêÒ¬Oõ, XÚÒ�Ø½,
��½,. Ïd, �� L-Z E,Ý���� DC-DC
m'C�ìXÚ½§Ý��O�â.

4 >6�". buck C�ì�� L-Z E
,Ý©Û

$^�� L-Z E,Ýé>6�". buck C�
ì (Xã 5 ¤«) ?1©Û, d>´äN���©
Û�ë�©z [17]. ã 5 ¥ Vc �>N>Ø, Q �
>u&Ò, Iref �ë�>6. d©z [17] ��, >
a>6 iL �G��±iÿXÚm'ì��G�,
XÚ3m'�ª (S,D) = (on, off) �, iL þ,; X
Ú3m'�ª (S,D) = (off, on) �, iL eü; XÚ
3m'�ª (S,D) = (off, off) �, iL = 0. $^d
>´���A5¿|^>a>6�m'�ªS�
�'X��Xã 6 ¤«�>6�"5 buck C�
ì�n«m'�¬ 4, 6 Ú 7. �ë�©z [17] �
Ó, ± Iref �©
ëê, Ù¦>´ëê� E = 20 V,
L = 3.3 mH, C = 1000 µF, R = 19 Ω, �¨óÀ�
±Ï T = 400 µs �ê��ý, iÿz�m'±Ï�
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m'�¬¿�K]�L§�, � 100 �±Ï�m'
�¬��XÚ�ÎÒ�mS�. ,��â�� L-Z
E,Ý��{Ú (4) ª¦XÚ� Cw, ��(JX
ã 7 ¤«.

l ã 7 � ± w Ñ, ë � > 6 Iref ∈
(0.15 A, 0.2779 A) �, X Ú � � � L-Z E , Ý
� Cw = 7 + 7 = 14, `² Iref 3d��SXÚ?u
m'�¬� 7 �±Ï�G�. 3 Iref = 0.2779 A
?, Cw l 14 ~ �� 12, ` ² © ã 1 w X Ú u
)
>.-Ey�, dm'�¬� 7 �±Ï�
-E?\m'�¬� 6 �±Ï�. ¿�3 Iref ∈
(0.2779 A, 0.9007 A) ���SXÚÑ?um'�
¬ 6 �±Ï�¥. 3 Iref ∈ (0.9007 A, 1.1578 A) �
��S, �� L-Z E,Ýl Cw = 6 + 6 = 12 þ,
� Cw = 7+6+7 = 20, `²XÚ3 Iref = 0.9007 A
??\dm'�¬ 7 Ú 6 �Ó|¤�±Ï�¥. �
X Iref �O�, XÚ� Cw 3 Iref = 1.1578 A ?~
�� 18, `²XÚ?\dm'�¬ 7 Ú 4 |¤�
±Ï�¥. 3 Iref ∈ (1.1947 A, 1.2625 A) ���¥,
S = 7·4·6·47·46474 · · · Ú Cw = 7+4+6+7+7 = 31

`²XÚ?um'�¬S�� 7→ 4→ 6→4 �±
ÏoG�¥. 3 Iref = 1.2625 A ��, XÚ��
� L-Z E,�5��, �?uÃ5KG�, `²X
Ú®²?\·bG�. Ïd, �� L-Z E,ÝUé
Ð/LyÑXÚCz���51�Ú$=�E,
§Ý, ù�©z [17] ¤��¢�(J�Ó.�� �� ���� � � � 	 
� �� ��  � � � ���

ã 5 >6�". buck C�ì

(a)

Iref
Iref Iref

T
T

T

(b) (c)

1 00 1 1 1 1 10

ã 6 >6�". buck C�ì�n«m'�¬ (a) B = (100)2 = 4; (b) B = (110)2 = 6; (c) B = (111)2 = 7

Iref/A

0

30

60

90

0.2 0.7 1.2

C
w

ã 7 ± Iref �ëê�>6�". buck C�ì�� L-Z E,Ý

�
äN`²�� L-Z E,ÝéC�ìó
�E,§Ý¤äk��r½5©ÛUå, e¡^
ã 7 ¤©Û� Iref �;.ê� (Iref = 0.2, 0.8, 1,
1.16, 1.2, 1.3 A) lXÚ�>a>6��Å/ (ã 8)
¥©ÛC�ì$=�E,5Ú��5. �â�
�Å/ã 8 Ú>a>6�m'�ª�'X��,
� Iref = 0.2 A �, XÚ�I��m'±Ï�mB
��¤�áEm'�ªS� (S,D) = (on, off) →
(S,D) = (off, on) → (S,D) = (off, off), C�ì�$
=k�r�5Æ5Ú�Ð�½5. � Iref = 0.8 A
�, XÚE�I��m'±Ï�m�¤�áEm
'�ªS� (S,D) = (on, off) → (S,D) = (off, on),
d�C�ìEm'Ä���, 5Æ5Ú½5Ñ
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1.8000

1.0

0.0

i
L
/
A

1.0

0.0i
L
/
A

1.8000 1.8016 1.8032

1.0

0.0i
L
/
A

1.8000 1.8016 1.8032

1.0

0.0i
L
/
A

1.8000 1.8016 1.8032

1.0

0.0i
L
/
A

1.800 1.804 1.808 1.812

1.0

0.0i
L
/
A

1.800 1.804 1.808

1.8016 1.8032

T/s T/s

T/s

T/s

T/s

T/s

(a)

(c)

(e)

(b)

(d)

(f)

ã 8 >a>6 iL ��Å/ã (a) Iref = 0.2 A; (b) Iref = 0.8 A; (c) Iref = 1 A; (d) Iref = 1.16 A;
(e) Iref = 1.2 A; (f) Iref = 1.3 A

���rG�. � Iref = 1 A Ú Iref = 1.16 A
�, XÚÑI�ü�m'±Ï�m©O�¤�á
Em'�ªS�(S,D) = (on,off) → (S,D)=(off,on)
→ (S,D)=(off,off) → (S,D) = (on,off)→ (S,D)=(off,on)
Ú(S,D)=(on,off) → (S,D) = (off,on) → (S,D)=(off,off)
→ (S,D)=(on,off), ¿�cö�¤S��m'�ª
�ê'�ö�, ù3�� L-Z E,Ý¥Ñ��N
y. C�ì3dü«G�e$=�5Æ5Ñ'
3 Iref = 0.2 A Ú Iref = 0.8 A �f, �E,§S
Ñk¤O\. � Iref = 1.2 A �, XÚI�o�m'
±Ï�mâU�¤�����m'�ªS�, C�
ì�5Æ5Ú½5ÑC��fE,5%k¤
O\. � Iref = 1.3 A �, C�ì�$=±ÏÚm'
�ªS�ÑÃ5Æ�Ï, E,§Ý�r, XÚ?u
·bG�. Ïd, C�ì3�«G�e��� L-Z
E,Ý�~�ß/�N
©ã1wXÚ�ÄåÆ

A5. �� L-Z E,Ý�$�, XÚ$=�Em
'�ªS���, 5Æ5Ú±Ï5Ñ�r; �� L-Z
E,Ý���, XÚ$=�Em'�ªS��õ,
5Æ5Ú±Ï5�f, ùòU½5©ÛXÚ$=�
E,5Ú��5§Ý.

ã 9 ÚL 1 ©O�Ñ
ã 8 ¥ Iref ;.��>
N>Ø Vc «Å�Fp�C�ªÌÚ�Å©Û, Ù
¥L 1 ¥� f0 = 1/T = 2500 kHz �C�ì�¨
óÀ�m'ªÇ. lã 9 ÚL 1 ��, �X Cw �O
�, C�ì��ÅêØäOõ, 3¹k�Ó�Åê
�XÚG�, Cw ��Ù�ÅÌ�3«Å¥¤¹�
'~��. � Iref = 1.3 A �, �ÅªÇ� 0—+∞,
`²XÚ?\äkëYªÌ�·bG�. �Åê�
O\`²XÚ�½5Uü$, ¤±�� L-Z E,
Ý�U½5`²C�ì�½5, Cw ��½5
�$, ��½5�p.

L 1 Iref ;.�>N>Ø«Å�Å©Û

Iref /A Cw «ÅÄÅªÇ �ÅªÇ �ÅÌ�/«ÅÌ�

0.20 14 f0 nf0 (n = 1, 2, 3, · · · ) 0.5512

0.80 12 f0 nf0 (n = 1, 2, 3, · · · ) 0.4854

1.00 20 f0/2 nf0/2 (n = 1, 2, 3, · · · ) 0.4954

1.16 18 f0/2 nf0/2 (n = 1, 2, 3, · · · ) 0.4864

1.20 31 f0/2 nf0/4 (n = 1, 2, 3, · · · ) � n 6= 2 0.5053

1.30 112 f0/2 0— +∞ 0.8379
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� � � � � � � � � � � � � � � � � � � �� ��� � � � � � � � � � � � � � � � � � � � �
� ��� � � � � � � � � � � � � � � � � � � � � � ��� � � � � � � � � � � � � � � � � � � � � � � �

� � � � 	 �� � � � 
 �� � � � � �� � � � � � � � � � �� � � � �� � � � �� � � � �� � � �� � � 	� � � �� � � �� � � �� � � 	� � � � �� � � �� � � 	� � � �� � � �
� � � �� � � 	� � � �� � � �

频率�  � 频率�  �
频率�  �频率�  �

频率�  � 频率�  �

� � � � � �
� � �
� � �

� � �
� � �

ã 9 >N>Ø Vc «Å�¯�Fp�ªÌ (a) Iref = 0.2 A; (b) Iref = 0.8 A; (c) Iref = 1 A; (d) Iref = 1.16 A;
(e) Iref = 1.2 A; (f) Iref = 1.3 A

5 ( Ø

�©J Ñ � # . m ' � ¬ V g Ä g þ z

 DC-DC m'C�ì©ã1wXÚ3ü�m'
±Ï¥�E,§Ý. m'�¬ê��, ë�C�ì
$=�ì���, XÚÑ�æ�VÇ�$, ��½
,. Äum'�¬ïá�XÚCþÎÒ�mS��
�� L-Z E,Ý���Ù/�N
C�ì$=�
A�Úó�G��½5!E,5: �� L-Z E,
Ý��, `²C�ì�$=E,E5U$, ½

5�f; �� L-Z E,Ý��, `²C�ì±Ï5
UrE5Up,½5r. >6�". buck C�
ì>a>6���Å/Ú>N>Ø�«Å�Å©
Û¿©`²
�� L-Z E,Ýé DC-DC m'C�
ì©ã1wXÚ���51�äk�r�½5©
ÛUå. ÎÒ�mS�´uÏLiÿC�ì�m'
G�¼�, ��� L-Z E,ÝO��{{ü´1,
Ïd3C�ì�¢S$1L§¥$^d�{òk
Ïuó§�½5©ÛXÚ�E,5!½5Ú�
�5, l�Ð/�ó§EâÑÖ.
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Analysis of weight Lempel-Ziv complexity in
piecewise smooth systems of DC-DC switching

converters∗

Xie Fan1)† Yang Ru2) Zhang Bo1)

1) ( School of Electric Power, South China University of Technology, Guangzhou 510640, China )

2) ( School of Physics and Electronic Engineering, Guangzhou University, Guangzhou 510006, China )

( Received 13 August 2011; revised manuscript received 27 October 2011 )

Abstract
A novel concept of switching block is presented via detecting the switching behavior of each switching period in piecewise smooth

system of DC-DC switching converter, and logical arithmetic method of computer is used to obtain decimal system from binary system,
so complex degree of the system during one switching period is quantized as switching block and the symbolic time sequence of the
piece smooth system is established. Weight Lempel-Ziv (L-Z) complexity is derived based on the L-Z complexity and the symbolic
time sequence, and the qualitative analysis of nonlinear and complex degree in piecewise smooth system from symbolic time sequence
with single variable is carried out. The motion rule and the dynamics structure of the whole system are revealed. Finally, The present
current mode controlled buck converter is studied as an example to establish symbolic time sequence and to illustrate the applications
of weight L-Z complexity.

Keywords: DC-DC switching converter, switching block, symbolic time sequence, weight Lempel-Ziv complexity
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