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Hybrid feedback control based on hybrid observer
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(Department of Applied Mathematics, Xidian University, Xi’an Shaanxi 710071, China)

Abstract: The stabilization of a class of hybrid system based on hybrid observer is studied in this paper. A hybrid
Lyapunov function for the overall system is firstly established through a Lyapunov function of the linear part and that of
the discrete event. A hybrid feedback is then designed respectively to stabilize the system. The closed-loop system is also
verified to be stable. Finally, a simulation example is given to show the effectiveness of the proposed approach.
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1 ÚÚÚóóó(Introduction)
·ÜÄ�XÚ´�adëY(½lÑ)CþÄ�

XÚÚlÑ¯�Ä�XÚÏLp��^�¤�

XÚ.§kXér�A^�µ,X:3ð�ó�¥�

�Nð�uÄÅÚDÄXÚ���üÑ,»�u�

üÑÚgÄp�ú´�A^��. ·ÜXÚ�ï

Ä®¤�XÚ�Æ+��9:��.¿�l1998c

m©Lecture Notes in Computer SciencezcíÑ
'

u·ÜÄ�XÚ�;KØ©8HSCC, TØ©8Â

8
T+�CAc�ïÄ�#?ÐÚ¤J.ÙSN

Ì�ýué·ÜXÚ�½5©Û±9��.X

©[1], æ^õLyapunov¼ê5©Û·ÜXÚ¥ëY

CþXÚ�½5,©[2]ÏL�Ñ����9Ù�

�f��ì��O�Y¢yéëYCþXÚ��

�. �ù
ïÄþ|^
XÚ�G�&E, ��

Ä�Ñ´·ÜXÚ¥'�{ü��aXÚ,=��

XÚ. ©[3]ÏLé�E,�·ÜXÚ(dk�G�

gÄÅFSM(finite state machine)ÚëYCþÄ�X

ÚCVDS(continuous variable dynamic system)|¤)�

O·Ü*ÿì¼�XÚ �±9G�üz�&E,

Ó��Ñ*ÿì�ê½�¿©^�.�¿��Ä

��¯K.

�©KÄu©[3]¤JÑ�·Ü*ÿìïÄ
�

a·ÜXÚ�·Ü�"��¯K.ÏL\\·Ü�

"��Æ¦4�XÚ��ìC½.

2 ¯̄̄KKK£££ããã(Problem statement)
�a·ÜXÚ��.Hp�

q(k + 1) ∈ ϕ(q(k), δ(k + 1)), (1)

δ(k + 1) ∈ φ(q(k), x(tk+1), u(tk+1)), (2)

ψ(k + 1) = η(q(k), δ(k + 1)), (3)

x(t + 1) = Aix(t) + Biu(t), (4)

y(t) = Cix(t). (5)

Ù¥: ª(1)∼(3)L«Hp�lÑ¯�Ä�XÚDEDS

(discrete event dynamic systems)Ü©, q(k)L«k��

k�G�gÄÅFSM� �, q(k) ∈ Q, Q´gÄ

ÅFSM� �k�8; δ(k + 1)L«k + 1��gÄ
ÅFSM�Ñ\¯�, δ(k+1) ∈ Σ, Σ´gÄÅFSMÑ

\�k�8; ψ(k + 1)L«k + 1��gÄÅFSM�

ÂvFÏ: 2004−04−09;Â?UvFÏ: 2005−12−27.
Ä7�8: I[g,�ÆÄ7]Ï�8 (60374015).
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lÑÑÑ¯�, ψ(k + 1) ∈ Ψ , Ψ´gÄÅFSMÑÑ

�k�8; ϕ: Q × Σ → 2QL« �=£¼ê, φ:

Q×X×U → 2Σ L«Ñ\¯��u)¼ê, XL«

lÑCþÄ�XÚ�G�8Ü; UL«lÑCþÄ

�XÚ�Ñ\8Ü; η: Q×Σ → ΨL«ÑÑ¯�¼

ê. ª(4)(5)L«Hp�lÑCþÄ�XÚ�1i�

�5fXÚ,Ù¥i = q(k).

�
Bu?Ø,rþã�ª(2)U��

σ(k + 1) ∈ φ̂(q(k)) =
⋃

x∈X,u∈U
φ(q(k), x, u).

½½½ÂÂÂ 1[4](DEDS�½5) éu�½�Ï"

8E(E ∈ Q), ek�G�gÄÅDEDS(1)∼(3)´¹

�,�Ù �G�;,UÃ�g?\Ï"8E,K¡

TDEDS´½�.

½½½ÂÂÂ 2 (·ÜÄ�XÚ�½5) éu�

½�·ÜÄ�XÚ(1)∼(5), eÙk�G�gÄ

ÅFSM(1)∼(3)´½�, �ÙlÑCþÄ�X

ÚDVDS´ìC½�, K¡T·ÜÄ�XÚ´

½�.
��5`�.(1)∼(5)� �G�ÚXÚG�´

ØU��ÿþ�,©[3]�ÑXÚ(1)∼(5)Xe�·Ü

*ÿì:

q̃(k + 1) ∈ ϕ0(q̃(k), ψ(k + 1)), (6)

ψ0(k + 1) = q̃(k), (7)

x̂(t + 1) = Gix̂(t) + Biu(t) + Liy(t), (8)

�q̃(k) = q(k) = i�.

Ù¥: ª(6)(7)´lÑ¯�Ä�XÚÜ©�*ÿì,

P�Hl; ª(8)´lÑCþÄ�XÚÜ©�*ÿì,

P�Hc; q̃(K)L«1kg� ��O, ½{��q̃k;

x̂(t)L«G�x��O�; Gi = (Ai −LiCi), LiL«

 �q(k)¤éAfXÚi�*ÿìOÃÝ
.

ÚÚÚnnn 1[3](·Ü*ÿì�5�) elÑ¯�Ä

�XÚDEDS(1)∼(3)÷v±e^�: i)  �8Q�

*ÿì� �8Q0��8��; ii) z��Ä�

�Qi[4]
c � �8Q��8��; iii)  �8Q �*

ÿì� �8Q0��8´ϕ0ØC�
[4]. Kþã·Ü

*ÿì(6)∼(8)¥� �*ÿìHlU3k�Ú��

äÑXÚ��c �,lÑCþÄ�XÚ�*ÿ

ìHc´3XÚ �O(�äÑ�âm©ó�.

555 1 ±e, ob�·ÜÄ�XÚ�lÑCþÜ©

´U�!U*��Ý
Ci1÷�. lÑ¯�Ü©�´U

�!U*��lÑ¯�XÚDEDS(1)∼(3)´¹�. k'l

Ñ¯�Ü©�U*!U�±9¹�Vgë�©[4]Ú[5].
�©�8�´: 3·Ü*ÿì�Ä:þ, �E

��·Ü�"��Æ¦���·Ü4�XÚìC

½.

3 ···ÜÜÜ���"""������ììì������OOO(Design of the hy-
brid feedback controller)
�Bu`²k�ÑXe½Â:

½½½ÂÂÂ 3 �á´». éu��½�lÑ¯

�Ä�XÚA, dÐ©G�q0��Ï"8E�c�

¤kk�G�;,[4]¥, G��ê���;,¡�

dq0Ñu��á´».

½½½ÂÂÂ 4 ��´». dlÑ¯�Ä�XÚA�

Ï"8E¥�G�q0Ñu, 3lmE�c�¤kk

��G�;,[2]¥, G��ê�õ�;,¡�G

�q0'uE���´».
éu�Ñ�·ÜÄ�XÚ, ÙG��"��

ÆU��O�©�üÜ©: �´�O¦lÑ¯�Ä

�XÚ½z��"��;�´�O¦lÑCþÄ

�XÚ½z��"��.�
Bu?Ø�Ñã1�

k�G�gÄÅ(�Ð© ��3,Ï"8E�{1, 2},

Ù ��O8�

({1,2,3,4,5},{1,4,5},{2,5},

{1},{5},{2},{1}, {5},{2},· · · ),
`²�"��ÆU��O�{. T�{N´í2�

 �8ÜQ¹kn� �:, Ï"8E¹km� �

:���k�G�gÄÅFSMþ�.

ã 1 k�G�gÄÅ FSM

Fig. 1 Finite state machine (FSM)

3.1 lllÑÑÑ¯̄̄���ÄÄÄ���XXXÚÚÚ������"""������ìììU(q̃(k))���

OOO(Design of feedback controller for DEDS )
ùpob½�XÚ´¹��´U�.

Äk�`²: lÑ¯�Ä�XÚDEDS�(�

®�, �Ð© ���. �Ò´`éuz��Ï

"8E	� �q({3, 4, 5})§§��Ï"8��
�´»´�3����. E¥� �({1, 2}), §

����´»��3���. �gÄÅFSM�Ñ

Ñ¯�S��αβαγ · · · . ù�3XÚ?uÐ©�
�, éuÐ© ��O8(q̃(0) = {1, 2, 3, 4, 5})�
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z�� �\\��, ùp±Ï"8E	� 

�(3, 4, 5)�~, ¦§�÷X�á´»?u(X3

 �3þ4 �3� �5�¯�α({P�3α5 )u

), ��3α4u); 3 �4þK44β5u), �

�4β3u); 3 �5þK45β2u)). �¼�1�

� ��O8(q̃(1) = {1, 5})�, kº�þ�g�

��(3α4, 4γ3), ù���8�´��±gÄÅ�

¹5. ,�é�O8¥�� �{1, 5}\\��,é

 �{5}\\þã���,é �{1}ØØ�� 
�3�´ �5Ñ�lmÏ"8, ��� �5'�

�3U²L���G��2g?\Ï"8E(=À�

��´»�á�G�), �\\��(¦1γ5u), �

�1µ3u)),�e5�� ��O8{2}. ù�®²

O(�äÑgÄÅFSM��c �,é �{2}4Ù
÷X��´»?u. =42α1u),��2µ5u). ,

��� �{1}. �e5��¹Úc¡��¹XÓ.

éu3Ð©��éÏ"8E¥� ����Ò

Xþ¡é �1, 2�����.

555 2 1)��o1�� ��O8´{1, 5}? ù´Ï
�©¥®b�11�ÑÑ¯�´α(3ÑÑ¯�S�¥). d

�k¯�αu)�l¤��� ��O:8�{1, 4, 5}, 
ÏL\\��¦�� �:4�¯�αØu). ¤±���

 ��O:8�{1, 5}. Ø´{1, 4, 5}; 2) 3zg\\�

��c(11g��Ø	), ÑÄk�rþ�g���º�,

=éÉ���¯�)Ø��,ù�âU��±XÚ�¹5.

3.2 lllÑÑÑCCCþþþÄÄÄ���XXXÚÚÚ������"""������ìììu(t)���

OOO(Design of feedback controller for DVDS )
3 Ð © � � \ \ � � Ñ Ñ � " O Ã Ý


F (q̃(0)), ù�q̃(0) = {1, 2, 3, 4, 5}, ¦�Ü�

fXÚ(1, 2, 3, 4, 5)	½. ���11� ��O

8{1, 5}�, U^¦ ��O8¥� �éA�f

XÚ(1, 5)Ó�	½�ÑÑ�"OÃF (q̃(1))(ùpÓ

��æ^F (q̃(0)), �F (q̃(1))�U¦XÚk�Ð�
5U,XÂñ�Ý).���12� ��O8{2}�,

=�� ��O8(X{2})�ü:8�,d� �*

ÿì®�(�äÑý¢XÚ��c �,ù�Ê�

¦^ÑÑ�"F ,U^ÄuG��O(ù�G�*ÿ

ìm©ó�)�G��"Ki(KiL« �q(k)¤éA
fXÚi�G��"OÃÝ
),Xùp¦^K2. �e

5,d �*ÿì��e� �´1,KU^G��

"K1,Xde�.

4 ÌÌÌ���(((JJJ(Main results)
du3XÚ$Ä�L§¥·Ü*ÿì¥lÑ�

mXÚ�G�*ÿì¿Ø´lÐ©��m©( �

*ÿìlÐ©��m©), §´3 �*ÿìO(

�ä�c ��, âm©ó�. Ïd3 �*ÿì

O(�½�c ��c�, XÚ¥Ä�Cþ��

ê´Ø���. �ä�c, k3�Ä�Cþ, =x(t),

q(k), q̃(k). �ä��,k4�Ä�Cþ,=x(t), x̂(t),

q(k), q̃(k). ��â�äc�rXÚ©�ü��ã:

11�ãk3aÄ�( �(½�c); 12�ãk4a

Ä�( �(½��). ±ekr �ÚÙ�O�Ä

��§(1)Ú(6)U��

q(k + 1) = f(q(k), δ(k + 1)),

q̃(k + 1) = g(q̃(k), ψ(k + 1)).

\\��U(q̃(k))��

q(k + 1) = f(q(k), δ(U(q̃(k)))),

q̃(k + 1) = g(q̃(k), ψ(U(q̃(k)))),

���11�ã�·ÜÄ��"XÚ�§



x(t + 1) = (Ai −BiFCi)x(t),

q(k + 1) = f(q(k), δ(U(q̃(k)))),

q̃(k + 1) = g(q̃(k), ψ(U(q̃(k)))).

(9)

Ù¥u = −Fy, F´¦�ÜfXÚÓ�½�ÑÑ

�"OÃÝ
.

12�ã�·ÜÄ��"�§�



x̂(t + 1) = (Ai − LiCi + BiKi)x̂(t) + LiCix(t),

x(t + 1) = BiKix̂(t) + Aix(t),

q(k + 1) = f(q(k), δ(U(q̃(k)))),

q̃(k + 1) = g(q̃(k), ψ(U(q̃(k)))).

(10)

Ù¥:�u = Kix̂(t), Ki� �q(k)¤éAfXÚ�
�"OÃ
; Li´ �q(k)¤éAfXÚ�*ÿì
OÃÝ
,ùpi = q(k).

½½½nnn 1 XJ

1)·ÜÄ�XÚ´�c ��*�[3](= �*

ÿì²Lk�Ú�,U�äÑXÚ��c �);

2) eéu∀ i, j ∈ QfXÚ�3�½é¡
Pi,

Pj÷vØ�ª

(Ai −BiFCi)TPj(Ai −BiFCi)− Pi < 0, (11)

� ��äO(�÷vXe^�C1)Ú^�C2):
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C1) é∀ i, j ∈ Q�3�½é¡Ý
Qi, ±9

Ý
Ei, Wi÷v[
Mi (AiMi − EiCi)T

AiMi − EiCi Mj

]
> 0, (12)

Ù¥Mi = Q−1
i �WiCi = CiMi, ∀ i ∈ Q;

C2) é∀ i, j ∈ Q�3�½é¡Ý
Pi, ±9Ý


Ui÷v[
Si (AiSi + BiUi)T

AiSi + BiUi Sj

]
> 0, (13)

Ù¥Si = P−1
i , ∀i ∈ Q.

�Li = EiW
−1
i , ∀ i ∈ Q, �Ki = UiS

−1
i ,

∀ i ∈ Q,K��·Ü4�XÚ´½�.

yyy d^�1)��XÚ�©�ü��ã?1?

Ø.Äky²11�ã´½�,�ÄXÚ(9),P

ξ(t) = [ξ1(t) · · · ξN(t)]T.

Ù¥

ξi(t)=





1, �XÚ?u �q(k)¤éA�fXÚi�,

0, ÄK.

P X(t, k) = [x(t) q(k) q̃(k)]T,

�EXe�·ÜLyapunov¼ê(�|Q| = N ):

V (X(t, k)) =

xT(t)(
N∑

i=1

ξi(t)Pi)x(t) + W (k) + R(q(k), q̃(k)).

Ù¥

R(q(k), q̃(k)) =





1− 1
|q̃(k)| , q(k) ∈ q̃(k),

0, q(k) = q̃(k),

|q̃(k)|L«1kg ��Oq̃(k)����ê. Pi±

9e¡y²¥�PjÑ´÷v^�(11)��½Ý
,

�

W (k) = 1− h(k)
k

, k = 0, 1, 2, · · · , W (0) = 1,

h(k)=h(k−1)+
1

|q̃(k)| , k = 0, 1, 2, · · ·, h(0)=0.

(14)

555 3 R(q(k), q̃(k))L« �*ÿìéý¢ ���

O§Ý, �XkO�, R(q(k), q̃(k))~�, �ªR(q(k), q̃(k))

= 0, L²*ÿìO(�äÑ�c �. W (k)L«�´

k�gÄÅ l½�§Ý, �Xk → ∞, W (k) → 0L²

k�gÄÅFSM½. =gÄÅ�G�Ã�g?\Ï"

8. ,	þã�·ÜLyapunov¼êV (X(t, k))¥�t, k´Õ

áCz�. Ïd3y²Ùî�üN~���ÿI©müÜ

©?1.

e¡5�y§´�½�,î�~�üN�.

i) �½5. duPi, i ∈ QÑ´�½Ý
,

�W (k),e2
q(k)���þ��ê,�V (X(t, k))�½;

ii) y²V (X(t, k))î�üN~�(��uë

YLyapunov¼ê�V̇ (x) < 0, ½lÑLyapunov¼ê

�∆V (x(k)) < 0).

Äk,éV (X(t, k))�11�

x(t)T(
N∑

i=1

ξi(t)Pi)x(t) , V̄ (x(t))

¦�©:

∆V̄ (x(t)) =

x(t + 1)T(
N∑

i=1

ξi(t + 1)Pi)x(t + 1)−

x(t)T(
N∑

i=1

ξi(t)Pi)x(t) =

((Ai −BiFCi)x(t))T(
N∑

i=1

ξi(t + 1)Pi)((Ai −

BiFCi)x(t))− x(t)T(
N∑

i=1

ξi(t)Pi)x(t) =

x(t)T((Ai −BiFCi)T(
N∑

i=1

ξi(t + 1)Pi)(Ai −

BiFCi)−
N∑

i=1

ξi(t)Pi)x(t).

3t, t + 1��XÚ½ö3Ó��fXÚ,½ö3

ü�ØÓ�fXÚ. Ø��3t��XÚ?3fX

Úi, Pi´éAÙfXÚ��½Ý
. =ξi(t) = 1,
N∑

i=1

ξi(t)Pi = Pi. 3t + 1��XÚ?3fXÚj.

j = i½j 6= i. Pj´éAÙfXÚ��½Ý
.

=ξj(t) = 1,
N∑

i=1

ξi(t + 1)Pi = Pj . Ïddþª��

∆V̄ (x(t)) =

x(t)T((Ai −BiFCi)TPj(Ai −BiFCi)− Pi)x(t).

dª(11)��∆V̄ (x(t)) < 0,=

x(t)T(
N∑

i=1

ξi(t)Pi)x(t)

´î�üN~��.

Ù g, Ï L \ \ 13! ¤ � O � · Ü �

�U(q̃(k)), ¦�éz�� ��Oq̃(k)¥�� 
�þ�k��¯�u), �q̃(k + 1)����êØ
¬�Lq̃(k)����ê, =|q̃(k + 1)| 6 |q̃(k)|, ½
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ö1− 1
|q̃(k + 1)| 6 1− 1

|q̃(k)| . =

R(q(k + 1), q̃(k + 1)) 6 R(q(k), q̃(k)),

?k: �R(q(k), q̃(k))´üN~��.

2g,dª(14)��

W (k + 1)−W (k) =

(1− h(k + 1)
k + 1

)− (1− h(k)
k

) =
h(k)

k
− h(k + 1)

k + 1
=

h(k)
k

−
h(k) +

1
|q̃(k + 1)|

k + 1
=

h(k)− k

|q̃(k + 1)|
k(k + 1)

=

h(0) +
1

|q̃(1)| + · · ·+ 1
|q̃(k)| −

k

|q̃(k + 1)|
k(k + 1)

6 0,

Ïd3·Ü��U(x̂, q̃)�e(|q̃(k + 1)| 6
|q̃(k)|),ok

W (k + 1) 6 W (k).

=W (k)´üN~��.

ÏdV (X(t, k))¿î�üN~��.

nÜþãi), ii)ü:,Ó��Ä�4�·ÜXÚ�

¤kG�´k.�,��XÚ(9)´½�,=·ÜX

Ú�11�ã´½�.

±ey²12�ãXÚ´ìC½�, dX

Ú(10)?�Ú��



x̂(t + 1) = (Ai + BiKi)x̂(t) + LiCie(t),

e(t + 1) = (Ai − LiCi)e(t),

q̃(k + 1) = g(q̃(k), ψ(U(q̃(k)))),

q(k + 1) = f(q(k), δ(U(q̃(k)))).

(15)

Ù¥e(t) = x(t)− x̂(t). P

X̂(t, k) = [x̂(t) e(t) q̃(k) q(k)]T,

�EXe�·ÜLyapunov¼ê:

Ṽ (X̃(t, k)) =

[x̂(t) e(t)]




N∑
i=1

ξi(t)Pi 0

0 λ
N∑

i=1

ξi(t)Gi




[
x̂(t)
e(t)

]
+

W (k) + R(q(k), q̃(k)). (16)

Ù¥: Pi, Gi(i ∈ Q)��½Ý
, λ´v
���ê,

W (k), R(q(k), q̃(k))Óþ.

d©z[6]�y²��ª(16)m>�11�´: �

½, î�~�±9»�Ã.. K�ì�11�ã�

y²��: Uþ¼êṼ (X̃(t, k))�´�½, î�~

�±9»�Ã.�. �XÚ(15)ìC½. dX

Ú(15)��XÚ(10)�´ìC½�, =12�ãX

ÚìC½.

555 4 3 þ ã y ² L § � �V (X(t, k))11�

ã � 11�xT(t)(
NP

i=1
ξi(t)Pi)x(t)± 9 12� ã �

11�[x̂(t) e(t)]

2
664

NP
i=1

ξi(t)Pi 0

0 λ
NP

i=1
ξi(t)Gi

3
775

2
4x̂(t)

e(t)

3
5 �y²

��yÙlÑCþÄ�XÚDVDS´ìC½�, �¡

�ü�W (k) + R(q(k), q̃(k))�y²��yÙk�G�gÄ

Å´½�. �â½Â2��: ·Ü4�XÚ´½�.

nÜþã��: ·Ü4�XÚ3��$ÄL§

¥´ìC½�,½n�y.

5 êêê���~~~fff(Numerical examples)
�ÄXe�·ÜÄ�XÚ, ÙlÑ¯�Ä�X

Ú�ã1(Ù¥8Ü{1, 2}�Ï"8E, Ð© ��3).

1i�fXÚ�

x(t + 1) = Aix(t) + Biu(t),

x0 = [40 30], x̂0 = [3 4],

y(t) = Cix(t), i = 1, 2, 3, 4, 5.

Ù¥

A1 =

[
−0.09 −2.42

0.43 0.1

]
, A2 =

[
−0.39 −0.98
−2.02 0.8005

]
,

A3 =

[
−0.75 −1.07

1.97 0.69

]
, A4 =

[
−0.103 −2.56
−0.62 0.9

]
,

A5 =

[
−0.08 −1.07
−1 0.2

]
, Bi =

[
0.2
0

]
,

Ci = [0.5 0], i = 1, 2, 3, 4, 5. (17)

^LMI�{�±¦ÑéA�ÑÑ�"Ý
, *ÿì

OÃÝ
ÚG��"Ý
©O�

f(q̃(0)) = 10, f(q̃(1)),

K1 = [−1.1 11.6116], k2 = [−2.0525 − 3.3386],

K5 = [−0.1 5.35], L1 = L2 = L5 = [2 0]T.

²LMATLAB�ý��ã2, dã2��·ÜÄ

�XÚ´ìC½�. 3��$ÄL§¥±912�

ã$ÄL§¥,G�x(t)ÚÙ�Ox̂(t)�$Ä;,X
ã2(�Ox̂(t) ´l�(�äÑXÚ �±�(��

4 s�)âm©ó�,�Ø3Ð©��m©).
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(a) x1(t), x̂1(t)�$Ä;,(��L§)

(b) x2(t), x̂2(t)�$Ä;,(��L§)

(c) x1(t), x̂1(t)�$Ä;,(1��ã)

(d) x2(t), x̂2(t)�$Ä;,(1��ã)

ã 2 XÚG�x(t)Úx̂(t)3�L§±9
1��ã�$Ä;,

Fig. 2 The complete and second phase trajectory of

x(t) and x̂(t)

XÚ�ý¢ �q(k)ÚÙ�Oq̃(k)üzXe:

q(k) :3 α−→ 5 β−→ 2 α−→ 1 γ−→ 5 β−→

2 α−→ 1 γ−→ 5 β−→ 2 α−→ 1 −→ · · ·

q̃(k) :





1
2
3
4
5





α−→
{

1
5

}
β−→ {2} α−→ {1} γ−→

{5} β−→ {2} α−→ {1} γ−→ {5} −→ · · · .

dþã�üz��: q̃(k)� ��O�êÅì~
�, ½/�/`q̃(k)3ÅÚ“%C”q(k), ��Úý¢
 �q(k)��Ü,�Ã�E?\Ï"8E{1, 2},
L²q(k), q̃(k)Ñ½. l`²(Ø´�(�.
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