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r|�O�\M& 50 ~j�� 2013 jHY1� Åström 2
Wittenmark He�0Æ^a�N�y�ZD4 40 ~j�kaL��
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r`A (Æ���/E�\iy/e?o), !z�$(OL�xyE�gB�/e?o[kCRU&�3(T#yU&k�OL�n (�^a) �*
r`Avy/e?o�[mY�3y “'!{19H”, T#y
r�L.Æ^a (self-tuning) 
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12 y d�
�}�_b�O��jg? 1461�YC?oU&�2"�
r� vCÆ}�3#(C�ÆF"��>v�+/?oU&y8 �n� “'!{19H” �HXyÆ^a
r/'CNÆ:Y�*y�rY�.h&�
rE�yngl/gT�℄_+u�*k�b	miu “Æ^a” _y1�u�ub�Æ^a�N���Y+Rn���
E�y “�\�N” U&~�2 “�\$B” 
r`ACR v�My�o;�8�+[.F��"y “�*9�” �DGyÆ^a�N��8Z{SGOWÆ!���u,�[y|�n�[Æ:�\i&℄rO)#(�0Y�y u,-png�!��+/Æ^a�N�C"u;�Y+Æ�x6Ay(Rn2(t6���
$P��� (�R!
�[YRnE��!), [mRx.{A&_+n�DÆ6u7W8uy��bL�XN:�i�yJ"9 ihYMLeO);�'tÆFOgJ.B y “tg�” E��))u,Æ�P� “6An” yQS�{v�k"��r�[x|Y “tg�” y'! “n1”. mÆ^a�N��E�K�$(1u, “{� h” `Ay"��r�[Æ�rgT� (8Æ��Wy) E�iXgq��i^{$TB"�ui0���+[Æ:;[E�yiXgq�{�.��m�"�gqyu��&$�YCCRU&gBr
rgqYS vCÆ}� a�e�D�i;�E��-�XNIUy “{�D”: .hC*,H�yiXgq�mq�,H�y
rgq�r+/
rgqiK��/U&gB� amq�,H�yU&gB�[Æ:�+/U&gB.��/iXgq�e�q�,H�yiXgq�[.�u1Dy}��[Y�D�iXN�y�"9 �"Q;�e)
rSs��Zy�x.L�ÆZ#
r85�Xi|�RO� 1960j�z�CiP
rr*k
r{O)q�yb�I�Lb'NX[/ÆZ#
ryl/�i [1]. 1958 j�Nn
rD��& R. E. Kalman ^�u,/e?oyRn�7L4E� (�=�E�), �X1C�\�N~�2
r��&TQvyÆ^a�NwW [2]. 1959 j�Oe
MIT y Whitaker He{�X1*uL4E�y\i?�ÆZ#
r$� [3]. 1961 j�Nn
rD9Æ2��& R. Bellman ÆD1.tC�
`�$�(/ÆZ#
r [4]. rY�+/sL�ÆZ#
rE���B��ir(P�Æ�&y*k^�XY{9 �tq&Q�ÆZ#
ry�ih�Æ�:5���&~�$lr
r�DyB0�N�ÆZ#
r85C 70 jnx�6h�[CxlP�;aO/1� K. J. Åström 2 B. Wittenmark HeC 1973 j�0yb�D4 [5]. [qD4~Æe�D;���E��/�\�N~�yÆ^a�N�[k1_+n�i��l}$�1ÆZ#
r85y�N�a.e)�Z
r�x.�1�	.�x<<V L.

Ljung HeC 2000 jum K. J. Åström 2 B. Wittenmark yD4 [5] L�Vmy� “CKI�y 10 jv�,;�q[/Æ^a�N�y�Dr#(4RXN�C�Dy���[q4RRxÆ^a�N�y_+n26�nM.�;I�yQ|8��[��1l/zu�i� · · · · · · C#(85�sXO)#(vM�;(y
r�>YJsÆ^a�N�y<l�&y� · · · · · · Æ^a�N�RxÆZ#
rLbI�y^>C 70 jnWxx�6h
(revitalized)”(V= [6] 423–424 
).;m[���;Dex��N;�YeO)#(;��Æ^a�N�y|�nHX1



1462 F � � y 3 p y 32 xG�u�yVm� 1993 j� K. J. Åström He �ÆZ#
ry|lRO��x IEEE ��y�BD (IEEE Medal of Honor), M.Nn
rD�F�W,y"Q;+{��& R. E.

Kalman r R. Bellman fz�~62�ah,y
r�x.�
2 �X&R6:$CÆZ#
r85�Æ��E�Jsi℄W���&ÆF
r~�3M,	l��a.;U�lXy�℄ay�))C/���&Xy
r~��g0e�D;�!
&�E�u,6�n2_+n{�q�y-png�a ..a�e�D;A&ÆZ#
rE�y6�n2_+n{�Gx��!(.Y[Æ85yvf8� (central problem), !}e)
rSy�l[�2_#�i�M.Nn
r�D�NQ;yÆFw qR�KkxlXyY�CW,fF�+ “IEEE 
rE�xÆ” �huvXy 1932–1981j4�0y 25 q|^n (seminal) 
r�D4Rv [6], , 3 q4R ([5, 7–8]) 2Æ^a�N�y_+n�iS�T[�[aM��!Mg�yRyÆ^a�N�_+n8��r�x18�P�y|�[N�e�DG1_#&X�[ 3 q�ZD4ih�Æ^a�N��iDG1J�y&XK� K. J. Åström 2 B. Wittenmark 4R [5] y�P���r|�n�bC�U�ui�C[q4Rv��YC0�!
�7L4E�gqYt6y3��\�N~�_+u^ÆFk (/'Y℄k) y��I�Y1
rE�ngy�*n�[YF:&X<yQh�!��!
E�Æ�Yt6yF?oU&ihY0_+�YC4Rv�R	 “+/&�E�Y+(Rn��E�����HXÆF�?o_+yÆ��?Y(F�y (very

difficult).” Æ^a�N�_+n[F�D��	aYe[q4R|S!aT�1X��{� 1977 j L. Ljung CD4 [7] v�X1-AÆ��7L4�$~�y�Z “F--$P (ODE) $�”, 3(/-AÆ^a�N�y�℄nu�:4L� IEEE Trans. Automatic

Control (TAC) y�-D4D�3C4Ov!_#(/�is�8�8��r “ODE $�”yJ"nQY'r7K0�^{6�n�a. L. Ljung C4Rv�lXy� “[q�({�$��Ry”. L. Ljung LC K. J. Åström yltI/ 1974 j�x6Vx2�ÆZ#~�y_+n-ALY�y�i���~6� G. C. Goodwin 2v�Y P. J. Ramadge r P. E. Caines yM� [8], �!Y�.
“\4R” �0C IEEE-TAC ;y�!�,�yY����x1:}=y�-D4D�:4$(ÆF�3y “[>$l!�”(Key technical lemma), C0�&SFF.6y�?I�HX1Æ��7L4ÆZ#
r~�y'`_+nY�e�DG1_#&X�rY�e�D;E�FF.6y�jY	i/�W�y0�� .C[{��I��iiK�E�yRn$P��R�m��C,Q:ff �XE�y/e?o�fz+;r(ÆZ#
r$�� a��Q62�z.�i1mFFy��E� [9]. rY�.1�D�iy$+��QC [9] vC�\�N~�8�.�3y “����~�”, �C~�yK�p_8�.ÆF//�a. G. C. Goodwin "&2v�YC9ÆqT[D4 [10] v�lXy�!|C��Z#
ry�,O)#(v�&Q=(yY�\�N~��(����~�� .�Yy_+{�#zYÆx��



12 y d�
�}�_b�O��jg? 1463a&�e);�,}�xY	�Æ^a�N�[kil/�i�rM,�xOun!v [11]. [�0���Æ^a�N�(RnQSy[>�n���B��Rr I-A� .Æ^a�N�S����\�N~������\�Ny�io;�8YB0�RÆ^a�N�y'��[��\�N�y�Yp=��
|uwelox.Bv (C. F.

Gauss, 1777–1855), �ÆiY�&xv��"y$�fÆ�CsX�x$ls�85v,_#y#(��{�iy4O	nmV��rY�Æ^a�N�vy�\�N~��i�2℄�y�&x85gCJ"B2����NC{�aZ/8BY �nt4�Y��t4�8Z.a�+/(Rn"�y�(�[�y�aZ/t4(8Æ&	8t6�[mYÆ^a�N�v�\�N~��iyM���rJ"��;D.t�Æ^a�N�_+n�iy|�q��ll$�1�Æ����aZ/\i�\�N~�y�i�3jM1_�F(y.F[>�iMu	���~wn1 (Lyapunove)lor" (martingale) _+���C
rE�85� L. Ljung[12] JE$("_+���iUu�! (persistence of excitation) �?I�\�N~�y_+n� J. B. Moore g KalmanC5�iy���JE$(1���~wn1lo��i�\�N~�_+n (= [13] �� 4.3); V. Solo [14] � ARMAX \iy�N�\�N~�Y1_+n�3��1�&M�vy6�n7d (monitoring) q��Km� [15] H[Æ:�i1sFF$B�L4;SKGL��,/ ARMAX \iy�N�\�N~�y_+nr_+{���z6qD4 [13−15],$(1���~wn1lo�(8;"y_+��r[/�aZ/y�!�?�kx��yY�e 20 W, 80 jnW}�Oe�Z~&�&x.�- (T. L. Lai) 21�, (C. Z.

Wei) �Æ^a�N�y_+n�i.�e�����aZ/\i�\�N~�[kiÆE4|��i��2}��Q$(~8! (Y. S. Chow) yn;"_+����i����~wn1loaq�.'Oy-A�MOxu1C^{��I���\�N~�_+y “�5”�!�? [16]. o;�8�[YÆY�P�Ty|�Mh�!}ÆE4zu�irG{$_�!���Æ^a�N��E��R� Lai-Wei [/�\�N_+y “�5” �!�?	(F�� .y��\�N~�yosgqY+6A(Rn���(E����DGy� a�C�\�NU&_+n�iv�q�y�
os (�E�gq��"bv) y�&nu�8g�i�K�0��iKC�iv$(��n,B0�iDG�
osy6A(Rn��
rE�ÆAy�"bvnu�<,�g℄a)T�&M�v “{�D” yJ"�P�[YÆZ#
rv��\�N~��i2℄�o��&v��\�N~��if4yJ"�2�	Y[Æ8�y[>��C�eE�-Py℄�~��R�\�N~� (�{�'t~�) _+u?o℄k (T-n),ÆF'��?YE�yT[gqu,Æ��! (excitation) nu����X/e?oZ/y
“\
”. rY��ÆZ#
rE��E��'>Yiu
r_y�sa�&y
r�8Æ��E�ygqu,[{�!nu� a�[m��&QCÆZ#
r��&v!0 (�/) ÆF&;���� (probing) gq��x�P'�y�!�?�.1:=&;��gq�
rE�ngl/y&X�4OvKz=(1 “\�!”[17], “r:�!”[18], r “4b�!”[19]{$��kxlXyY�[{�!���ywW2�y)
rx. A. A. Feldbaum ��Xy�Z “s|
r (dual control)”[20] yaCOuY�xy�,{�Dv�nrO)�kn�



1464 F � � y 3 p y 32 x!��:&r8yY��Æ^a�N��E��R!0Æ�y�!gq�	8giKY�\�N~�y_+n�[Y .��\�N~�y_+n�q�E�y^{6�n.���p`�&/�!gq�8r;�iKY&�E�y6�n�Ep�YE�yi0iXgqu,(loi “�M ” nu;%/X�.1�3[F"u��ÆF�gyhJY[Æ:p;
r�QS�#{C “
r�(” 2 “�!�(” f4[kZsy “��”. rY�[���
r$�y_+nYq��&0�|�E�y6�n [19,21].  a��yeJ";RyÆ^a�N�y6�nr_+n��q�C-A$�;|T℄a!v�	saY .;m6�i"P�1� K. J. Åström HeLC 1987 jy “e)M�2#(ox)R” WSlÆylÆ�Ev�?C��Z#
r85 “�D;y[NY�I�.�y (slow and painstaking)”[22]; �l$~ G. C. Goodwin He�#$L M. Gevers Her"e D. Q. Mayne He{C 1991 jyD4 [23] v	��?	�RC�W��I�A&��Z#
r�D “	:&S`}� (surprisingly difficult) ”. Oe P. R. Kumar HeC 1990jyD4 [24] vLYY lX� “9SÆ^a�N�Y0℄a_+�bYÆF 15 j�;yQ|8�”; Oe�- (T. L. Lai) r#o- (Z. L. Ying) HeC 1991 j�0yD4 [25] v	CuD	 “[Ævf8�)M,Ry”.

3 I&T*R64:asÆZ#
r�iCe);.�.�}|NL� 20W, 70 jn℄�ve%�1�xy_��ePyk|�.9e
r�D�i[0WS��m�1j^�9eNn
r�Dy|%Y�ve�x<E��x�i�y'�G[ViKGC 1980 j�z�Lb��i�2e)�Z�x.�~'8�{v�� R. E. Kalman, K. J. Åström, W. M. Wonham r T.

Kailath {�a.�U�uy��.2�x.L�Æ^a�N��Xi9^nRO��2kxÆ�yY�JssjLC K. J. Åström He�'x4o'"4 �yKm�KG���
K. J. Åström / 80 jnWCveExL�mL�uÆ^a�N�y_+nY)!M,RyyQ|8��rY�sLE��x�i�3M,&|N�[F�y�i�

1982 j��9e:
lx��1E��x�i�y�iG�tHYKm�KG��C��E�yU&2
r{$UL�XiÆE4|�M� [26], �������~�_+nyY�����\�N~�_+nyB0�i��2}� 1983 j��C/`l'8 P. E.

Caines Hex4�'M1[/��Z#
rE�v?oU&_+ny��Mh [27].JsKm�KGyA��9Cv�<�iG<vp1�Pox2
r$Uy�P��2Y<B�&���iGyx2�P�{v��-A<BD�o��&���iPrL4t4-A{��L�Æx1��iP�&r��--$P{$Uy�Z���{v,6P��9y&X�l	ÆYoÆXHeEey-A<BD���f-Y~8! (Y. S. Chow) r T.

Teicher v�y�<BD� [28], {v���7L4"{,�9rB�yf-��YÆxy�y)xY R. S.Liptser r A. N. Shiryaev v�y.w"���iP�&� [29], {vy��,�2(RnC5{f-R&g�+��6Y�yoHe|�y “L4t4-A” �P�;-f-vÆ�2KUere)�ZL4t4-A�. E. J. Hannan bLA�08lyr0D4 [30], [xÆmg��}m0e)L4t4-A�iy���L4t4-AY<B�&v
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�}�_b�O��jg? 14652Æ^a�N�8�#JK℄y85�{�\�NU&vy�aZ/	Y��y�rÆ�8��(Rn"���gq�o;�8�[a�P.z�y��M���1|��[�!��C��iGx4�93M,� “Æ^a�N�_+n�D” [F�Z��.x2D4yv��CuV�iGM��9y��MhYC����U&~�y_+n�iv�$(2�&8�y�i$���iiK-A��p_y;�N����osgqy “Uu�!” ��e"u;:5. “r:�!” ���[.z��&�℄�*yÆZ#
r���1�[�CN�6Vx2x4�9���iyY.t�&ÆZ#
r��Rx?oU&y_+nr
rng (K�l/r�il/{) y�*ngT�Liu�o;�8�[��ib".9z�yM���1'��[�
1987 j6V%�z�9�#e)�Z
rx. B. D. O. Anderson Hey���5�l$~e&lxE�MPEeX6Vz�i�sLb�Ye);=o!F��ZyÆZ#
r�ivffÆ�9C�l$~y��v�YfÆ� J. B. Moore HemY��ÆZ#
r85e)�Z�.fÆ��LC�\�N~��iv�Xi|�RO [13], 3�iiT[y��Z#
r8� [31]. xf
yY�E�MPEyp*mYoxEy�Ql=�b�,L4t4-Aye)8�& E. J. Hannan He��"y�Q�D�#(�y�Y P. Hall r C. C.

Heyde[32] {�Z<B�&x.�sL�9Z12E�MPE J. B. Moore Her S. P. Meyn{�X|Nv�&��2aCoxE'8y�l,6Vr E. J. Hannan He|N1(t6L4t4$Uyv��3Ce)�&xAo;�01[/;�M��E��\�NU&y_+nMh [33], ���/�\�Ny(t6 ARMAX \iv?o2Mo�LU&y_+nMh [34], 3C�iiPvA&1,[sl/" (double-array martingale) yU&���[YÆ�\�.+yb"���:9+yY� 1988 jJ�Oe�$n�lx P. R. Kumar He'8�l$~Ly�j��bLm�bYe)�Zy��Z#
r�.1�L#�. “SIAM 
r2*�” Ao�[/��Z#
r[Ny�m4R [35]. P. R. Kumar He29C�l$~Æ=UmB0ÆD}Æ^a�N�_+n[Æ8��sL P. R. Kumar Wu( “��v�0” $��[key�i�rY{vy “%&� (exceptional set) 8�” Y[F$�;�)TyJ"nQ��!sL9	M,Tu℄ay!v��r2�yB0ÆDrguyX!�[Æ:��}9�[Æ8�y	5�ih��rY�sL9y��a(�YC�iÆ����aZ/��I�L,?oK�~�y�[�D8� [36].

1989 jJ�9Qn1C�l$~.jy6Vz�i��uv�<E��x�i�E�
r�i\M��CA�eb�*���!M�rG��?#J6�rJ^C�x�iyWSv�FFR9,+N�.T.��'te�xMhy�x�))q� “QCt&5;”. �!sL�bS:1�&T[�iM�ywWa�r[>$��rnu [aM!8T��q�,Æ"yÆ&^e�Cw�WT8u,`ye�i"gL�	L��
�yQDDGi��	vÆ^a�N�C�D;℄y8u 6�nr_+n8�8�g� .O)#(rl/&℄YdU[anuy�Bt��.aÆ!�.�"yÆ^a�N��.hC�D;8u 6�n�b		8�w�1�rY�Ry8�y^ef>ihCa�
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1990 jWyÆFB�9C�iÆFL,��E�8�L�!�7?��NeLÆ�y℄G�L-���Æ^a�N�8�y"u�/YCV-���&ty�[;�^GX-A��(Rn&�E�ye$��u��E�mYSGÆFjT;yRnL,��E��RxÆ$U�{RgTiK
r(Rn&�E�i0iXgqy2k�9Æ$U�.�pgT$(� “7��B” fr;SyaHU&��{RyKG{�|Nkf,`y-A�e�iuYE�6�ny_y�[Æ[>!v�Rx�ygTv�}RyÆ^a�N�y�n6�n2_+n[Æ� [37]. Ca�[;�9.�i[Æ:A&b�Æ^a�N�y�oA�Y1� Ou,�*y_+{� [38] {�}�~e��x�iMh,8��i�,yY�Xe<lre8��,yY�NeN[re`A�,yY^Ge$�reMu�,yYRy�Z�{�C[aMhv�,y!�k_#(�yiP�g#J�WrJG�r,y��gxÆmÆxu�k(����Z�y�iRy))k/zY� .C{�M,!Ryf�m�bgu�k_#|℄1�;m[/Æ^a�N�y�iMh [37−38] mk/ “m�” y[Æ��XO;�D4 [37] C!Oe IEEE-TAC }=uDiPv�mxu�,uDYyÆq	��(. “[YÆq18}y4R (great paper) · · · · · ·  .�Ry1ÆFGx/Ryy���Y# [Æ:&`yMm (spectacular achievement) gu�w”; “[YÆq|^nD4 (ground-breaking paper)”, Y “��Z#
ry!v (breakthrough)”; “[q4R  OORy1Z#
rvÆFM�y|�8� (outstanding important problem)”, {{�8lfz���Z#
r85ye)8�&fÆ�Oey P. R. Kumar HeC 1990 j~ubC [37] z���C�2v�YyD4 [39] vu1 [37] �X1 “[>r9^nW� (key

and seminal idea)”, �x1 “M�!v (remarkable breakthrough)”; �z� P. R. Kumar HeC2v�Yy IEEE-TAC D4 [40] v�Bu1 [37] yM�Ry1 “Gx��ÆZ#
r85yvf�� (central issue)” Y “��!v (major breakthrough)”; Æ^a�N�8�y�XY�1�y K. J. Åström He-2C{�� [41] �e)Æ�
r)vÆ (IFAC) WSlÆylÆ�E [42] rxlD4 [43] v�[YMhH1	��%.��C [43] vY lX� “bi1GL4fz���E�Æ^a�N�y_+n8�!4O [38] v�'`}Ry”; e)�Z�&x.�Oev�4lxy T. L. Lai HeCD4v	�[YM�H1	��(.�&�E��
�ny-AY “
Wy (ingenious)”[44], Ry1 “Gx/Ryy8� (long standing

problem)”[45]. a&�s�{�e)�k	Q|�01ÆE4	�nu1�%= [46–48]. 1993jCDhqky IFAC WSlÆ;�$Y!e1Æj�YD (Young Author Prize), �D�+Y “C [38] [qPXD4 (outstanding paper) vRy1�\�NÆ^a�N�y_+n2_+{�[F
r�DvGx/Ryy8� (long standing problem)”.��;mÆ^a�N��D�i;y!v���Z#
r85y�iUK	ea�G1J"n;,�[YMhYCvey#};�CE�
r�i\'My�
4 0',JV=B

1) Æ^a�N�Cox;Y+Æ�(Rn2(t6y���(x$P��Vm�[Æ$P�YJs “�\�NU&” r “�\$B
r” [.F “�*n9�” CR v�Æ!D



12 y d�
�}�_b�O��jg? 1467Gy�{QSTsi℄�a ..a�&QC�D�iv6u “;�0>” y�L�))�E�y�
nu�Æ� “i℄” 0��r{"u))Y�E�y��bR (�	
gB) yK�0��e�Ætq�D�ivy “{�D” N[�kxlXyY��xyN[�C^a{�(RnE�8��iv	gC�%.�C�Æ��E��:n�D�iv�E���	
y “*�n ” 0� [49] {�O);�6AE�v8� zf4FFYT})E�T}&X�T}��y�CÆ^a�N��D�iv�xy!v���x�/C�i$�;� G.

C. Goodwin {&y�/ “[>$l!�” -A�3y!v�eJ";E�x�/eLÆ�yL,E�yG��D℄:8��a. 20 W,lox.C�7� (Hilbert) C 1900 je)ox.lÆ;��y�Z�E�ox8��v�Ey	 “CRyÆFox8�L�.h9QM,�xMO�9 FFC/9QM,(PuÆ�y℄�”.

2)CÆ^a�N��D�iy"Q;�Lb,8=M�q(/?oU&_+ny�i�[ei℄;�EYÆ!y�r�38�Y'�y� .
r�vy?o�FYE�\i?oy^{�v�℄a&X
r�ngyY[{ “�v?o”.  a�CÆ^a�N��iv�|�� “7��B” [k-Ar�s$(���)T “W& ” }��?oU&ÆAy_+n��ii
r8�y"ur
r_y�!���\�N~�iKHXy))Y� “z�” 7��ByU&��ÆZ#
rySG))q� “K�” 7��B�[mq�$(.Yf4ox;y{1���<g[kT[�D-A�[R&W}9e�Z&~ox./�KGyÆvZ� “{1/'{`”.

3) 2"Q;s��xMhÆ��[Y�iMh	o;%&}��13=�&y�ia~�%.� G. C. Goodwin, P. Ramadge r P. E. Caines yMh [9], Y1�/����~�yÆZ#
r_+n8���!�Qy$�;�iK#(u�/�\�N~�yÆZ#
r[ÆL|�rL�y�j�rY:4 O.[Æ:�i[Æ�D�m�1C*��(y-A$�	,|���U;���B%.��.Æ^a�N�yÆF[>�M;-����aZ/\i�\�N~���!x! “W&” }��Y{_+n�rY�o;�8���\�N~�[kB0y-A�iYF'��[�C[$U��Z�&x.�-
(T. L. Lai) r1�, (C. Z. Wei) �x1B��.r0yMh [16], {vT[Qhr$�.Æ^a�N��Dy�y!v��1[>�[�[BtYV-S:�&�iv[>wW�$�2QDy|�n�;o"QXOtY��x�ivy “!v ” ))YC�&�[;GX1 “[>yÆ: ”! o;�8�T℄x�85B�FA��2T℄85�x. (��MP�x.) yB0F<YK-|�y�a&��Z�k�.�Æ^a�N�_+n[Æ�yUu%�[����{�85�x.C8�8�;�x!vn[NyX��	L�!i$Y�

4) CÆ^a�N�y�D�iv�Nn<BDvy" (martingle) _+��rT[y"U&����
1[>�(��g,&Æ8	.hE�yFFYF(y�FF (�6{kÆ&�-9��t4), bL"DY0�Y'�y-AMu9(.�j�Y	�y�a."4�m�CÆ^a�N�
rI�&�(RnE�yi0riXgq (Z1��nf&) M,'tK�nu��C�iviK$(�raL$("U&���)!���9Q?h�y��t4HXaqy;SU&�e�C�D-AvgT)T"4��uy “{�D ” 8���yA&&�
rE�y�n_+nr�*n{�[tYS:T[|�oxMu3[kH
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|��(�
5) Ci��F�W,v��!Nn
r�D�x1M��.9y�N�r),s��"8�</xuRy�%.�}�~e�O)
rE�yox\i))0i.*uL4y--$P��&~�y�N.R=�
r (sampled-data control) M.w.=(y$��[�0�O)&�
rE�Æ�Y*u2�7gq vy�AE� (hybrid systems). �X.m�C*uL4(Rn
r�Dy�iv�zl�oY^�*uL4
r�y (Ts/=�sB;�l�j). !��CO)#(v�;DY&~��}g(��Y℄?�2jk�Sy=�Qr{�Æ�8?s=�
rysB'�l�[mDG1ÆFJ"n�D8�	�/7KH�y=�sB�.t$(=�osON�(Rn8 �nE�y,`
r_�
r�Dy[N�;8g'�Rj[Æ�"8��{�C/g0��.t$(s�y=�gB��7C/�T+ÆF=�~xfE�QSy6An�8 �nr&S$�{ z�E�ngy&X�+/C*uL4
r�iv�F8��=�8��[a zy&XFF���iBK��(Rn�h{$��,`�7�r�Q�H�=�sBy=�
rE�m8BbL,`1�[Y=�
rE�2*uL4
rE�C�D�i;yÆFJ"B2�	Y�i��C�e[FG�~�"4V>yÆ^a�N��D�aYCH�=�sBI��i�3T#��A&1�/�\�Ny=�"��u,/e?oyRn��E�
rLy�n6�nr_+n�D�T[Qh��$_uÆl��7L4?o�(Rn8 �nE�y
r�n�T[(Rn�
u,RnKG{� [50]. !��s(Rn�
u,HRnyKG{�L�A&T#yÆZ#
r�DmÆ6u"un��,aX&�3yY�[F�8ZnY�^ÆF��y
r~�eox;[k�iy����L|�yY�9Q�N�u,8 �ny(RnE��"��r (�,"�`Ay�v) ÆAy
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[22] Åström K J. Stochastic control theory. Proc. of the First International Congress on Industrial and

Applied Mathematics, SIAM, 1987, 31–44.

[23] Goodwin G C, Gevers M, Mayne D Q, Vertz V. Stochastic adaptive control: Results and perspec-

tives. Topics in Stochastic Systems Modelling, Estimation and Adaptive Control, Lecture Notes in

Control and Information Sciences (editor by L. Gerencseer and P. E. Caines), 1991, 161: 300–333.

[24] Kumar P R. Convergence of adative control schemes using least squares parameter estimates. IEEE

Trans. Automat. Contr., 1990, 35: 416–423.

[25] Lai T L, Ying Z L. Parallel recursive algorithms in asymptotically efficient adaptive control of

linear stochastic systems. SIAM J. Control and Optim., 1991, 29: 1091–1127.

[26] Chen H F. Recursive Estimation and Control for Stochastic Systems. New York: John Wiley, 1985.

[27] Chen H F. Recursive systems identification and adaptive control by use of the modified least squares

algorithm. SIAM J. Control and Optim., 1984, 22: 758–776.

[28] Chow Y S, Teicher H. Probability Theory. Springer-Verlag, New York, 1978.

[29] Liptser R S, Shiryaev A N. Statistics of Random Processes, two volumes, Springer-Verlag, New

York, 1977.



1470 F � � y 3 p y 32 x
[30] An H Z, Chen Z G, Hannan E J. Autocorrelation, autoregression and autoregressive approximation.

The Annals of Statistics, 1982, 10: 926–936.

[31] Kumar R, Moore J B. Convergence of adaptive minimum variance algorithms via weighting coef-

ficient selection. IEEE Trans. Automat. Contr., 1982, 27: 146–153.

[32] Hall P, Heyde C C. Martingale Limit Theory and Its Applications. Academic Press, New York,

1980.

[33] Guo L, Huang D W, Hannan E J. On ARX (infinity) approximation. J. of Multivariate Analysis,

1990, 32: 17–47.

[34] Huang D W, Guo L. Estimation of nonstationary ARMAX models based on Hannan-Rissanen

method. The Annals of Statistics, 1990, 18: 1729–1756.

[35] Kumar P R. A survey of some results in stochastic adaptive control. SIAM J. Contr. Optim.,

1985, 23: 329–380.

[36] Guo L. Estimating time-varying parameters by Kalman filter based algorithm: Stability and con-

vergence. IEEE Trans. Automat. Contr., 1990, 35: 141–147.
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A RETROSPECT OF THE RESEARCH ON SELF-TUNING

REGULATORS

GUO Lei

(Institute of Systems Science, Academy of Mathematics and Systems Science, Chinese Academy of

Sciences, Beijing 100190)

Abstract This paper gives a retrospect of the research on the well-known self-tuning

regulators (STR), by firstly explaining what is STR and why establishing the convergence of

STR had been a long standing problem, followed by briefly delineating the twists and turns

in the theoretical investigation of STR, which was initiated in the pioneering work of Åström

and Wittenmark (1973). Then the paper roughly recalls the author’s own experience in the

investigation of STR and explains how the convergence theory of STR was finally established.

Some inspirations and perspectives related to the research on STR are also presented.

Key words Stochastic systems, adaptive control, self-tuning regulators, least squares,

minimum variance control, certainty equivalence principle, nonlinearity, stability, convergence.


