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Abstract: A current tracking control strategy for active power filters(APF) is proposed based on the switched system theory.

Firstly, the switched affine dynamic model of APF is established. The quadratic stability of the system is proven based on

the stability theory of the switched affine system and the voltage space vector method. A switching sequence is proposed

consequently. In order to complete the digital realizationof the controller, the discrete switched affine system modelof APF

is presented. An optimized switching rule is proposed to guarantee the optimal performance during each sampling period.

Simulation results show that the proposed method can realize the accurate tracking of the reference current, decrease the

switching frequency and improve the dynamic performance effectively.
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1 APF������ÄÄÄ������...¿é.n�APF�ó��n´l>åXÚ¥uÿÑ�Å>6,�â¤uÿÑ��Å>6�)Ú�Å>6�����45���Ö�>6,l
�Ø>�¥��Å>6. APF�Ä�(��)Ì>´!�->6$�>´!>6�l��>´Ú°Ä>´�Ü©,Xã1¤«.
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ã 1 n�n��APF(��nã

ã1¥: Ls,RsǑ>
>aÚ>
S{;LǑÈÅ>a; RǑ_Cì��>{; CǑ�6ý>N; CR��L«>NC¥�>{¤©; isk, ilk©OL«XÚÚKÖ>6; ickǑAPF�)�I�Ö��>6; uskǑú�: (PCC)?>Ø; k = a, b, c; OǑë�:.�ÑXÚS{|Ls, RsÚ>N�{|Rc,�ân�XÚ>6>Ø'XÚÄ�¿Å>Ø½n��
isa + isb + isc = 0, (1)

usk = L
dick
dt

+Rick + ukn + uno, k = a, b, c. (2)Ù¥: uknǑ!:a, b, c�!:n�m�>Ø; unoǑ!:n�ë�:O�m�>Ø.

APFÌ>´¥�õÇì��w�n�m'��.dun�k
>åÈÅì3ó�L§¥z�x:þ�ü�õÇì�o´ó�3pÖG�,½Âm'Cþ
pk =

{

1, þx:mÏ,ex:'ä;

0, ex:mÏ,þx:'ä.
(3)Ù¥ k = a, b, c.KAPFÌ>´�ÑÑ>Ø�L«Ǒ

ukn = pk ⋅ udc, k = a, b, c. (4)�â
uao + ubo + uco = 0, (5)k

uno = −
1

3
(pa + pb + pc)udc. (6)Ù¥: uao, uboÚuco©OǑ!:a, b, c�ë�:�m�>Ø.òª (6)�\ (2),��

usk = L
dick
dt

+Rick +
(

pk −
1

3

∑

j=a,b,c

pj

)

udc. (7)�Ä�3ó§A^¥�ÏL	Ü>Ø�5�±XÚ�6ý>Ø­½3Ï"�,��6ý>Øudc�Cz���uÖ�>6�Cz. Ǒ
{Bå�,3>6Ö���ïÄ¥ò>Ø udcw�½�,K��n�n��APF�Ä��.Xª (7)¤«.5¿�n�n��XÚ¥��m>6>Ø'X,= isa + isb + isc = 0,�±éXÚ�.?1ü�.Ú\Xem'¼ê:

Sk = pk −
1

3

∑

j=a,b,c

pj , k = a, b, c, (8)KAPF�Ä�L§�L«ǑXeG��m�§/ª:

ẋ =

[

dica/dt

dicb/dt

]

=

⎡

⎢

⎣

−
R

L
0

0 −
R

L

⎤

⎥

⎦

[

ica

icb

]

+

⎡

⎢

⎣

usa

L
−

Sa

L
udc

usb

L
−

Sb

L
udc

⎤

⎥

⎦
=

Ax+ b(Sa, Sb). (9)
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APF>6�l���8I´�XÚG�÷vx∗

= [i∗ca, i
∗

cb]
T. Ù¥: i∗ca, i∗cb©OǑÏL�->6$�>´���A�ÚB��ë��->6. òx∗ÀǑ

APFXÚ���²ï:,KÏL�IC� � = x − x∗

= [ica− i∗ca, icb− i∗cb]
T,�òXÚ�²ï:C��G��m��:.C���XÚÄ��§Ǒ

�̇ =

[

−R/L 0

0 −R/L

]

�+

⎡

⎢

⎣

usa

L
−

Sa

L
udc −

R

L
i∗ca −

di∗ca
dt

usb

L
−

Sb

L
udc −

R

L
i∗cb −

di∗cb
dt

⎤

⎥

⎦
. (10)l·,XÚ�ÆÝw, APF�ó�L§�w�´ØÓm'���m���.ØÓ�m'�� papbpc

(000 ∼ 111)éAØÓ�Sa, Sb�.dª (10)��,ØÓ�m'��éAØÓ�Ä�A5,�z�«m'��éA��A½�fXÚ.��fXÚ�m'��Úm'¼ê���XL1¤«. dum'��000Ú 111éA�G��m�§�Ó,�âm'���ØÓ�òAP�ó�L§w� 7�äkØÓÄ�A5�fXÚSys1∼Sys7�m���.L 1 �fXÚm'���m'¼ê��éìLm'��Ú¼ê Sys1 Sys2 Sys3 Sys4 Sys5 Sys6 Sys7

papbpc 000/111 001 010 011 100 101 110

Sa 0 −1/3 −1/3 −2/3 2/3 1/3 1/3

Sb 0 −1/3 2/3 1/3 −1/3 −2/3 1/3XÚ (10)�;n/L«ǑXe�����5XÚ:

�̇ = A�� +B�u, (11)Ù¥: u = 1ǑXÚÑ\, A� = diag
{

−
R

L
,−

R

L

}ǑXÚÝ
,

B� =

[usa

L
−

R

L
i∗ca −

Sa�

L
udc −

di∗ca
dt

,

usb

L
−

R

L
i∗cb −

Sb�

L
udc −

di∗cb
dt

]TǑÑ\Ý
, � ∈ SW = {1, 2, ⋅ ⋅ ⋅ , N}Ǒ��5K,ùpSWǑ��XÚ¤kfXÚ�8Ü.éuAPF��XÚkN = 7. �� = 1�, APFéA�fXÚ
Sys1äkü«m'��. 3¢SL§¥,fXÚ�ÀJ��ÌXÚm'��Cz����K.

2 APF������XXXÚÚÚ			½½½������éu�����5XÚ,kXe½n¤á.½½½nnn 1 éu����XÚ (11),b�ΛǑ÷v
N
∑

i=1

�i = 1�¤k�K�þ�8Ü.éu�½��½Ý
Q,XJ�3� ∈ ΛÚ�½é¡Ý
P ��
AT

�P + PA� +Q� < 0, (12)

A��e +B�u = 0. (13)

Ù¥: A� =

N
∑

i=1

�iAi, B� =

N
∑

i=1

�iBi. Kk����S�
�(x) = arg min

i∈SW
�TPBiu (14)�XÚ²ï: �e�ÛìC­½.yyy²²² ÀJLyapunov¼êV (�) = �TP�, K÷XÚ;��êk

V̇ (�) = �̇TP� + �TP �̇ =

(A�� +B�u)
TP� + �TP (A�� +B�u) =

�TAT
�P� + �TPA�� + uBT

� P� + �TPB�u =

�T(AT
�P + PA� +Q)� + 2�TPB�u− �TQ� =

min
�∈Λ

[�T(AT
�P + PA� +Q)� + 2�TPB�u]− �TQ� =

min
�∈Λ

[�T(AT
�P + PA� +Q)�+

2�TP (A��e +B�u)]− �TQ� ⩽ −�TQ�. (15)d��XÚLyapunov­½5nØ��XÚ²ï:ìC­½. 2éuAPFXÚ, dXÚ��XÚ�. (11)�wÑ,éu?¿� i ∈ SW, XÚ�G�Ý
�±ØC,=éu?¿�� ∈ Λþ�3A� = Ai´HurwitzÝ
,ÏdXÚG�Ý
�à|Ü­½,½=éu�½��½Ý
Q,�3�½Ý
P ��AT
�P +PA�+Q < 0,éu?¿�� ∈ Λ, APFÄ�XÚ÷v^� (12).e¡�y^� (13)¤á. éuAPFXÚ,k �e =

0,�k
A��e +B�u = B�u =
⎡

⎢

⎣

usa

L
−

R

L
i∗ca −

di∗ca
dt

−
Sa�

L
udc

usb

L
−

R

L
i∗cb −

di∗cb
dt

−
Sb�

L
udc

⎤

⎥

⎦
. (16)Ù¥: Sa� =

7
∑

i=1

�iSai, Sb� =

7
∑

i=1

�iSbi.d�m>Ø¥þ{[19]��,ª (15)m>
3�3
� ∼ �·��IXe�´O�ë�>Ø�L�ª,¤±�±/ÏAPF�m>Ø¥þ?1©Û. APF�ÑÑ�m>Ø¥þ©ÙXã2¤«.

ã 2 APFÑÑ�m>Ø¥þã



1602 � � � û ü 1 29 òdAPF�m>Ø¥þN�{��,�ÀJÜ·��6ý>Ø�¤I�ÑÑ�?¿ë�>Ø¥þ uã2¤«��8>/S�,�«�,¿�ÏL�¤T«���"�m¥þÚ"¥þÜ¤Të�>Ø¥þ. ~X,XJë�>Ø¥þá3«�0,Kë�>Ø¥þUC�±d>Ø¥þU1, U5, U7, U85Ü¤,=�3 ci ⩾ 0(i ∈ {1, 5, 7, 8}),� c1 + c5 + c7 + c8 = 1,�eª¤á:
⎧













⎨













⎩

us� −Ri∗c� − L
di∗c�
dt

=

c1S�1udc + c5S�5udc + c7S�7udc + c8S�8udc,

us� −Ri∗c� − L
di∗c�
dt

=

c1S�1udc + c5S�5udc + c7S�7udc + c8S�8udc.

(17)Ù¥: S�, S�Ǒm'¼êSa, Sb, Sc3� ∼ �·��IeéA��.XJë�>Øá3Ù�«�,KǑ���aq�(J,�éu�XÚ�?¿��²ï:x∗ = [i∗ca, i
∗

cb]
T,þ��E� ∈ Λ�

⎧









⎨









⎩

usa −Ri∗ca − L
di∗ca
dt

=

7
∑

i=1

�iSaiudc = Sa�udc,

usb −Ri∗cb − L
di∗cb
dt

=

7
∑

i=1

�iSbiudc = Sb�udc.

(18)=�3� ∈ Λ�^� (13)¤á. �â½n1,����S� (14)��APF���²ï:�ÛìC­½.

3 ������ÆÆÆlllÑÑÑ`̀̀zzz���OOOdþ!��, éuAPF,�3����S��
Lyapunov¼ê±�¯��ÝP~,l
�yXÚ3��²ï:��ÛìC­½5. d	,ÀJXeµd¼ê:

J =
w

∞

0
�TQ�dt =

w
∞

0
(x− x∗)TQ(x− x∗)dt, (19)Kk

J < (x0 − x∗)TP (x0 − x∗), (20)=µd¼ê�u����'�,½�.3APFXÚ�¢S��L§¥,F"�O����Æ5¢yé�->6�°(�l,l
�ª (18)�����.XJXÚ���±Ïv
�,K��5K (14)�¢yé�->6v
°(��l,�U�5U�I (18)�����.�3êiz¢yL§¥, APF��XÚI�3z�æ�óÀ�þ,÷�â¤æ8�XÚ&EÚ��5K�ä���=�fXÚ,=��3��æ�±Ï±�âU?1�gfXÚ���.duæ�ªÇ���,dª (14)�����´»�U¿��`���´».Ǒ
���`���´»,I�?�Ú�Äz�æ�±ÏSéA�fXÚÄ�L§.òXÚÄ�Uæ

�±ÏTs�5lÑz?n,��lÑ�5��XÚ�.Ǒ
x�(k + 1) = G�(Ts)x(k) +H�(k). (21)Ù¥: G�(Ts) = eA�Ts , H�(k) =

r Ts

0
eA�(Ts−t)dtB�(k),

�(x) ∈ SW := {1, 2, ⋅ ⋅ ⋅ , 7}.(ÜAPF�·,A5,��3z�æ�±ÏS,

APF�)�Ö�>6þ!/©Ù3�->6üýǑ�`,Ïd�éª (18)?1Xe?�:

J̃� =
[ w Ts

0
(x� − x∗)dt

]T

Q
[w Ts

0
(x� − x∗)dt

]

. (22)Ǒ
�µd¼ê (21)3����±ÏS����,I�éXÚ�G��üÚýÿ.3��XÚ¥æ�±ÏTsǑ�½�,dª (20)�±wÑ,31 k�æ�±Ï¥��â¤æ8��XÚ&EO�Ñ3��±Ï(å�XÚ�G��x�(k + 1),¿��ÑU�µd¼ê (21)�����fXÚ.5¿�3��æ�±ÏSk
J̃� ≈
{ w Ts

0

[x�(k + 1)− x(k)

Ts
t+ x(k)− x∗(k)

]

dt
}T

⋅

Q
{w Ts

0

[x�(k + 1)− x(k)

Ts
t+ x(k)− x∗(k)

]

dt
}

=

{1

2
Ts

[

x�(k + 1) + x(k)− 2x∗(k)
]}T

⋅

Q
{1

2
Ts

[

x�(k + 1) + x(k)− 2x∗(k)
]}

. (23)ÀJ����S�
�(x) =

arg min
i∈SW

{1

2
Ts

[

xi(k + 1) + x(k)− 2x∗(k)
]}T

⋅

Q
{1

2
Ts

[

xi(k + 1) + x(k) − 2x∗(k)
]}

, (24)��ª (21)��3z�æ�±ÏS��,l
�y
APF�Ä�5U�`.

4 ��� ýýýǑ
�y�©JÑ����{�k�5, 3
Matlab/Simulink¥é¤JÑ���XÚ��üÑ?1
�ý.3�ý¢�¥,>´ëêÀJXe: ø>XÚǑ�>Ø220 V/50 Hz�n��6>; KÖǑn����6x, �6ýǑ{a5K1, Ù¥>{Ǒ
20Ω, >aǑ 0.05mH,3 0.02 sO�K1�Nþ, 3K1ý�\40Ω�>{K1; _Cì�6ý>NǑ
1 600�F; ÀJ IGBT�Ǒm'ì�,�ý¥��ÏäªÇǑ10 kHz;æ�±ÏTs = 0.000 05s,�6ý>N>ØÏLPI��­½31 000 V;ë�{|L = 10

mH, R = 2Ω; QǑü Ý
,?
dª (12)�O�Ñ�½é¡Ý
P ��; ÓÚ>6uÿ�{æ^g·A>6uÿ�{, >N>Ø���æ^PI��.



1 9Ï 4ýù�: k
>åÈÅì���l�`z�� 1603éAPFXÚ©O3�©��Æ (14)Ú`z����Æ (23)�^e�Ä�5U?1�ý©Û,�ý(JXã3∼ã5¤«.

12 16 20 24 28
-40

40

0

t/10 s
2

(a) A!"#$%

i l
a
/A

12 16 20 24 28

t/10 s
2

(b) &'()*+,- !./$%A

-40

40

0

i s
b
/A

-40

40

0

i s
b
/A

12 16 20 24 28

t/10 s
2

(  ) 01()*+,- !./$%Acã 3 ü«��Æ�^eK1>6�ÅÖ��Jdã3��, APF3ü«��Æ���eÑUéXÚK1>6¥��Å?1k�/Ö�,XÚ>6Å/��
²w�Uõ,=B3K1Cz��¹eEU?1k�/Ö�,�K1>6�ÆCÇTHDd�5� 26.32%©Oeü�3.4%Ú 2.41%.ÏLé'�±uy,`z����S�U
�����Ö��J.

102 108 114 120
-0.5

0.5

1.5

t/10 s
-3

(a) !"#$%& '()*+A

A
-p

u
ls

e
s

102 108 114 120

t/10 s
-3

(b) ,-#$%& '()*+A

-0.5

0.5

1.5

A
-p

u
ls

e
s

ã 4 `z
���óª±ÏSA�x:���óÀdã4��,3`z���S���e,õÇì��m'ªÇ²weü. �âéA�x:��óÀ3��óª±ÏS�ÚO,3�©���S���

^e,õÇì��m'ªÇ²þǑ 6.115kHz;3`z����S���^e,õÇì��m'ªÇ²þǑ 5.64 kHz;�`z����S�U
k�ü$õÇì��m'ªÇ,�dã5��,`z����S�U��/�lXÚ�->6.

102 108 114 120

t/10 s
-3

(a) !"#$%& '()*+
,-.*+/01

A

-15

-5

5

15

i
i

c
a

c
a

,
/A

*

102 108 114 120

t/10 s
-3

(b) 23#$%& '( *+
,-.*+/01

A )

-15

-5

5

15

i
i

c
a

c
a

,
/A

*

ã 5 `z
�APFé�->6��l�J
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