
W R B Y a N Y
J. Sys. Sci. & Math. Scis.

32(10) (2012, 10), 1257–1265<fVQ50J`L_Dh∗

t r q s o m n p
(�VSK�D_;S�BK_;℄y��z��� �5 100190)[ �A�p^:x+|C�3\x�a�R"�F�odz[o�\xZP�Gsxv|V�R2��p^:?�Q xy�3:�:�n5�A:8886���J0�5+|d\xxU:z[$Gg�t�^:V�-�A <�g�b�~v%?"�U��:�"*}4)hMA�p^:x�AC*�R+|"��b28x^:*G�28xTsFbd28x�pF�z"�2�}o^x�A�d��}0V}=�,.�"r�|^l��vgU+|�9�(4^��Rh�Az?sx+|d\x"��vs}"^���*XÆR�3\x"��yd}"l�pZ-^:x�3��\x�%vMXbj�wg}�p^:�AxbxR�R2��~p:�Jd?x�pz[�YRU'7P}J�d\x^:��DU'GV�4&<x ��9>3 �p^:�^:+|��3\x�&< ��

MR(2000) iO7E: 93E12

1 ℄ Z�o℄9�QE�nyZns>a8Ugw!ku}℄9�$�P�29rx�tDtz~�`k℄9wT9yZs�℄9�U�,���;�f�}u*{{[w℄9vwT9yZ#Ff�m
��w$h9�/_�L��o℄9w��97775�\eo9`�>w�oyZ(r�℄9w6O*{B[w�+k+JwawQ1��o℄9wT9�F1P�46Oo��s�'�,���;�f~�!\�Q�!vWT9w�FyZIN�,9� 10◦C, S�K`k�FI�o�F��o�F!�B�n�E�n�yZntV�w1�/9�otw�CLgLP�|eQ�L℄UÆ�twtDtz~� fg!�Dt�o�FwI/��>\a�;�
1) tV4wK>.f{BOk�wDfp8H�tV4w| H��'=!;`�4=Yz7'$L�=Y'�=�=��=� p8Hw�U��u4'jw&wp8H�=B4'p8Hw�=jw�&&�

* V��SS~/ (61174042) ��X3	�:Z3� 2012-09-10.



1258 ^ : R � C � � 32 Ig�4'p8HwtVy`��=�=E7)9�x|p8H�wyZ[��p8H�$>&�rwyZ�LHur!;!r2�/B4%7w,o�/j!%�\W!r2h�1,o�/�#�p8H-I{*�(��mXI(w�(�QB7Ng�T9�Fs�p8HZ�{*�(t�(w�(�4%7�MwH4o�1ltw�T��p8HC�!;�}w�o℄9��B�Q>JB�nBD�~�>h{w�o℄9�!\��tDL �E?gtw4l�9gA{K=wH� —— �[4:s&!%UK=~�=w\{I,t�1I,�Dtw���o�F�
2) �F[��Xe��w�HQ�F[�v���y`!�'y`O3T&tAA�A1)ub��C(�5�x��B�Æ��~w�F��&��y`w~�eXw�/_Q�F[�eXm�
b� �'y`�nI��y`�{n�=�'y`�nI��y`w%�	��{niw�F8Y'i�urw�s&�{6w�o�F|�z&[4:E�
�LIm
��29�FwU��z&[4:E�~[4:�{Gh�T&fr����?D�quA��`t[4:Q[��FvE7}9!;ytg[��F�/_��!;[4:[��Fv$9wi`#Fp��$�l�Q�F[�YO~�Lpw�o5HxDtLhw�F{���F[�x�r[�i`wfw�Q!�i`a�Y�w�FxULytw7a�}�F[�Dthhw�vquub�Q`�Eaa�
}�;[4:urw�Fh6O�=��[�i`w4l�Q[�m��1u1 y`1!5�uL6#F{w�o�F�
3) L�w�o��o[-LJ�x�
wVO^�4l[-Lw��/����-�[�L��O/C\rwV+0ws>�I|PBz_~"!;�[-Lw4lAh�kÆ|!;J�x��
J|z;IF�!;�O^AmwV+0wIF��!;�O^`mwVN�wIF�!i� [-LKMw'brz;IF~�8Y!�.�v�mi�PBz&[-Lw;��a��6wVO^�[-Lw4lA`�a`;x�1$NU�S�Lww�[-L%�
W|";IF��1�'
Ww_��{_N�wT���C��S�Lww�!;�fyZ�4&	\Ek'Xy�PBw���17w�oyZ�;J17w[w�	�
4) �H6O�FeQ$Æ6O�F�W�A_||+℄9[w℄9�h�Æw�m�I|A{6O�F>T&x�℄9UL0q�!\Of)9x�{�℄9�I|6O|A{ .QOf)9w%7�F�>��� .1�B.Zm�A{ .%7w�2VtLVw+�1$NU�`�x�� .�!�0qC1Tv/�I|A{�;v�wx��F���=h� .j7w-�s>�Q$�v�w(��4~!7'(B.�a��yU�2w)nYO�Q��P�r .;4wC.�`�(�wx�rW!n1mk�CT��7! .�/x��P\{�℄9�I|A{{�℄9w6O�(����℄91�A{�Q��`A{�x17{�(w)n��C�'Æ[�A1�



10 2 ℄��z��p^:x+|C�3\x 1259Im�/_�,A{�\eA{!n���L�w#��`z;q���=�6OA{�℄9UL|0q�\W0o9 .�ZwML� .Y℄�=t�jU��n+�{�Z�"!k�(y�o�FCT&'X℄9%7.fwp�#Cx�p`!0q�!m�{6w�o�FQx�29~7r|LgL��w)9�a��w$���&d	�q��T&S)I> 1 ~w℄9�
60k

kkkk

C

CyCy82y? 1 �p^:*G?0a)FdN��o℄9B8�℄9%hw17C��|[4:`;�^�'T&�x�B�~w�[4:�z&[4:��T&��'w�o:&	tV~w!%:���`�℄9�S�Q*{[w℄9vs&9r{6w�oyZ�B[9℄917��o℄9�`{A�F$\yZ{f�{Arwy`B℄9w�℄��(&	�[�Uy�#!!6hw }#g�L℄�&G�[9wg�℄9�#g�℄9y�[7gw*{B[w!��\%p�N��h�QIÆy8�!��1�9��o℄9�Q��Qx�BO~�
}T9w�F1P�#8�!�w�H�#Q-98�!��`�I|�#*{[w!,w�H�s&6Y1�/9A{��`�(�10m&%h��CGGT�(r6Ow*{B[w���{6w�o�Faw6O*{[wQ1�%�aMuw$U��`C����o�Fw.���[!-�9�`k℄9w*{�[w:kÆ f'Xw!��i	wH4Q1�e
\e
J�℄9&fr!%mkw*{[wrW�℄9wL��	(Ll3T�*{6�[w�&>e4l�BFR℄9j!�yZw�f�*{[w��w�x�>e4l�&,IÆ℄9�(�&,Q<�LlwEaakÆ�[w��4#s�&\e�yy�`tQ1w+JH>m
x�w����*+�am
$gN�{6�Faw℄9*{[w��T&�s!-Bj[wm
/�w℄9���*{�2[wwChm
4℄��[w
Quvjs>aw�[�7v�T&�{���F6B℄9*{[wwjlL℄�a[ww$���F6�ur%;A{!�&/9�Fw}9r��a29$gN��oyZ&H�h�`℄9*{[w��F6w#i�a�T&>r/9��[�wr��"{B�~A{H�wL �ItVx�{�℄9yB�oyZjLwu{�/Du���



1260 ^ : R � C � � 32 I
2 j\8l�G3(g�S�n℄|��|�o℄9�Q�o℄9*{!�ur|!℄~��w)W�BU%B7�
5M9|!;uw��!n�/�r|P�wL���o℄9w[wQ1�m
-w$1�QU%Bw��~e�Y��S�x|!k�oY,℄9w?�[w�ÆU|�o℄9[ww~!5�
2.1 ;eUP4/I6F�17w℄9Sr�17w,oyZ�'.FU|���}℄9w*{���'X|��w�x��v�/O�&	%;��ur|\a)W�
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n−1
∑

i=0

aiu(k − i) + d(k), k = 1, 2, · · · , (1)4~ {u(k)} �℄9�℄� {y(k)} �℄9�U� {d(k)} �Sr�℄9�U {y(k)} �,oI
C w��o[4:A{�4��-f�I

s(k) = S(y(k)) = I{y(k)≤C} =

{

1, \W y(k) ≤ C,

0, 4&� (2)=H 1 Sr�~ {d(k)} ��s7'3 (i.i.d) w!�){�~� d(1)�# σ2
d = E|d1|
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u x y
)h� <)$h�- - -? 3 Wiener ^:=�!�w�oT&N)I>f;��ow$f�$&��o�U℄9w�����o℄9w����H>rq*+w�p Wiener ℄9w�U���o[4:A{�{_�UyZg���6yE�v�CT&N)|���o�U{_{n�Uw Wiener ℄9*{�/_|���o�Uw Wiener ℄9*{w��10�#g�*{��C�|��o�Uw℄9*{�>��)9�L��UT6OA{w#g�℄9*{$8Ju|!t��w��LW�=�Wiener℄9)F�l��CBg�℄9u℄�B�/_L� Wiener ℄9w*{!n�P�L��!4d!�L� Wiener ℄9*{w8�!���>
�j���jL�'X!��%p�N6.o'+!��!�����y�$>w`t!����sQ�U�6OA{w|Wdw����o�Uw Wiener ℄9*{w��B&G��j!�10> }I.��C>4�mw$��$���>z;
�UyZf℄9w#g���UyZf}u8�*{!�1P�9��#g�weQ}u��o�Ug�℄9w$>BH�1P>r�P�> ~w Wiener ℄9










x(k) =

n−1
∑

i=0

aiu(k − i),

y(k) = H(x(k), η) + d(k),

(3)4~ {u(k)} ��℄� {x(k)} �~�){� d(k) �Sr� H(·, η): DH ⊆ R → R, � DH dw<�n;(#g�℄��\Ll<� η ∈ Ωη ⊆ R
m. �B� n  m �$lw�℄9�U y(k) �,oI C w��o[4:A{�
6Y[4:w�U s(k) = S(y(k)),S�slt y(k) ≤ C t� y(k) > C, 4��-f�I

s(k) = S(y(k)) = I{y(k)≤C} =

{

1, _ y(k) ≤ C,

0, ,X� (4)4~,o C �$lw�
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3) �o�Uw Hammerstein ℄9*{ [6]�H�o�U&	�m�~�;(#g�w Hammerstein ℄9�Q1�H#g�7'l�w�/a��℄9w)F.��/U|!qA�{y`w2*�FU|*{���'X|��w%;��� Wiener ℄9mi�S���|�!k�}w#g�℄9 —— Hammerstein ℄9�4)F'Iz7'
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10 2 ℄��z��p^:x+|C�3\x 1263P�> ~w Hammerstein ℄9






















y(k) =

n−1
∑

i=0

aix(k − i) + d(k),

x(k) = b0 +

m
∑

j=1

bju
j(k), bm = 1,

(5)4~ {u(k)} ��℄� {y(k)} ��U� {x(k)} �~��(){� {d(k)} �!�Sr�℄9'� n  m ��$lw�℄9�U y(k) �,oI C w��o[4:A{��C���[4:�U s(k) = S(y(k))/Dw�UyZs> y(k) ≤ C, {� y(k) > C. 4��-f�I
s(k) = S(y(k)) = I{y(k)≤C} =

{

1, _ y(k) ≤ C,

0, ,X� (6)S���w Hammerstein ℄9H>�m�~�w#g�7'�C℄9w�U���o[4:A{�I|V.�UyZfwd$� (�	;9�1�℄w!�I|V.zÆ#g�`;$���℄9w)F.��/U|A�{�1y`w2*o9A�{�1�℄�>r|V.|zÆ#g�=*{igwd$FU|*{���'X|��w%;��&dL��o℄9*{wLW$!)hmI�� System Identification with Quantized

Observations � [7], /=���Æ�U�j Springer U����
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 1) f[w�h�Q!�+J�o℄9w*{Q1�/U|K��FHawTG5�j�� 2) {n�0���1!��&{nWCai('3I|Ww 3) ��*{w!���>-Sraw<�IÆQ1�Q�$>��o℄9!�=��mfwKT�(r�2[w���o℄9w�2[w�!;T&T�w���

b $>B)~w�1�℄�PI!�wQ	�n�℄�Q1fw�oyZB<�IÆowjL�w�/a�n&FUQg
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SYSTEM IDENTIFICATION AND ADAPTIVE CONTROL OF

SET-VALUED SYSTEMS

ZHAO Yanlong ZHANG Jifeng GUO Jin

(Academy of Mathematics and Systems Science, Chinese Academy of Sciences, Beijing 100190)

Abstract This paper studies the identification and adaptive control problems of the

systems with set-valued observations. These systems are widely used in applications, but the

research on identification and control of them is just started, since the set-valued information is

only whether the system output is in some given sets. This paper gives a summary of the recent

work on the subject. On the identification side, for different model structures, different system

noises and different set cases, some effective methods such as parameter decoupling, full rank

input design, joint identifiablity and empirical measure method are introduced. Based on these

methods, the results show that the accurate estimates of the parameters can be achieved even

under set-valued information. On the adaptive control side, a class of gain systems is studied,

the asymptotically optimal adaptive control low is designed, and the stability of the closed-loop

system is proved.

Key words Set-valued observations, system identification, adaptive control, optimality.


