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On model-free adaptive control: the state of the art and perspective
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Abstract: The definition and classification are given for the several existing model-free control (MFC) methods.A brief
review on the state of the art for the model-free adaptive control (MFAC) is presented and the difference between MFAC and
other mainstream control methods is discussed in this paper. Two practical modularized control system design schemes are
proposed by adding MFAC into the existing model-based control schemes for enjoying the extra performance improvement
from MFAC. Some prospective research topics are also listed in this work.
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1 ÚÚÚóóó(Introduction)
ïáÉ�XÚ�êÆ�.´y���nØA^

�Ä:,vkÉ�XÚ�êÆ�.,y���nØ�
EâÒéJk^É�/. ïáÉ�XÚ�êÆ�.
Ø´��N´�¯�,cÙ´�é��5XÚ�ï
�¯K,�8c��E,´���~(J�¯K.k
�,ïáÉ�XÚ�êÆ�.,s¤�¤�½�m�
�,Ï
,k�Ø�Ø�ï. Q¦ïá
É�XÚ�
êÆ�.,T�.�´éÉ�XÚ�
éõ�{z,
ÏdÄuêÆ�.�O���ì,3¢SA^¥Ò
�U¬Ñy¯K,=É�ï�Ä�Ú°�5�K�,
§�´¤k�Äu�.���nØÚEâØ�;�

���¯K.Ïd, ��)ûùé/Ì)0¯K,Ò
7Lm8,	�ïÄ´�,;�¤�O���ì�
6uÉ�XÚ�êÆ�.. Ã�.���{Ò´�

)ûy���nØù«��¯K
�)ÚuÐå

5���nØ��{.

2 ÃÃÃ���...���������{{{(MFC)���½½½ÂÂÂÚÚÚ®®®���
333MFC���{{{���{{{���nnnããã(Definition and
brief survey on the existing model free con-
trol( MFC))

2.1 MFC���½½½ÂÂÂ(Definition of MFC)
Ã�.��nØ��{´�:/��ì��O=

|^É�XÚ�I/Oêâ,��ì¥Ø�¹É�L§
êÆ�.�?Û&E���nØ��{0.
8c,k'Ã�.���{IS	®k�
I�

5�¤J. AT�Ñ, A^ ²��ä����{,
¦+éõ©Ù�ö\¡�´Ã�.���{[1∼4],
�î�¿Âþù,§�Ø´Ã�.���{,Ï��
ä�!:!Û��(½I�É�é��Ü©&E.

�,2Âþù,  ²��äÒ´XÚ��., XÚC
z��äI�­#Ôö. ,	,�
���{�Øá
uÃ�.���{,Ï�,2Âþù, IF-THEN5K
�´�«�.,I�éÉ�XÚk�~��
),Ó

ÂvFÏ: 2005−05−30;Â?UvFÏ: 2006−02−21.
Ä7�8: I[g,�ÆÄ7]Ï�8 (60474038);��Ü3Æ8I<
Ä7]Ï�8.
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�, �XÚ���Czu)�, 5KI�­#�Ñ.
Ïd, UìÃ�.���{�½Â,Æâþù, §�
ØáuÃ�.���{.
2.2 ;;;...ÃÃÃ���...���������{{{���{{{���nnnããã(Brief sur-

vey on some typical MFC)
Ud©�Ñ�Ã�.��nØ��{�½Â,8

cIS	®�3�;.Ã�.���{k:
PIDa��Eâ9�'��{. PID��ÚÄ

uPID����{�©z�~õ, ¿�®²3¢S
¥��
�2��A^. �8c��, ó�L§�
�¥95%±þ�E,´PID��[5],T�{´IO�
Ã�.�{. ,
Ta�{�õcnØ©ÛÚ¢S
A^ÑL², PID��Eâ3?näkr��5!�
C5Úäk±Ï56Ä�XÚ��¯K�Ù���

JØ$n�,ØäkÆSõU,Øä�éXÚ(�C
z�·A5. �éPID��|^Ø��L�!y3Ú
Czª³��5\�Ú��üÑ�":, 1994c¸
®��ÇJÑ
��5PID�Vg,¿�?
uÐÑ

�X�nØ¤J, X�l�©ì!*ÐG�*ÿ
ì!g|6Eâ[6∼9]�, ¦�DÚ�PIDÃ�.��
Eâqk
���U?Ú´L,¿�3¢S¥®²
��
¤õ�A^.
ÆS��nØ, �)S�ÆS��(iterative

learning control)Ú­E��(repetitive control). S�
ÆS��g1984cdArimoto�<[10]JÑ±5,®²
uÐ¤��Õá�nØ��{[11∼13],¿3éõ+�
¥��
¤õ�A^. S�ÆS��3�O�ØI
�¯k®�É�XÚ�êÆ�.. �XÚ�Âñ5
©Û,±9é��ìOÃ�À�KI���É�X
ÚÑÑ'u��Cþ �ê�þe., ¿�¦XÚ
î�÷v�ÛLipschitz^�!XÚ�­E5ü�^
�,¤��(Ø´'uS�¶�Âñ5Ú�m¶þ
k�«m����l. nØy²Ú¢SA^Ñ®L
²S�ÆS��U
?näkr��5!�C5�

��¯K,cÙ´?näk±Ï56ÄXÚ���
¯K�äkÙ¦���{ØU'[�`:. ­E�
�g1981cdInoue�<[14]JÑ±5®²É�éõ

�Æö�'5,¿��¼�
Nõ�¢SA^[14,15].
¦+S�ÆS���­E��3©z¥�À�´Ø

Ó��{, �´��þ§�Ñ´?näk±Ï5X
Ú��¯K��{,vk����O.
Ã�.g·A��(model free adaptive con-

trol, MFAC)´û§)u1993*1994c3ÙÆ¬Ø
©[16]¥JÑ�(���¸�f�Ç), ÙÄ�g�´
|^��#Ú\��FÝ�þ(½�Jacobi Ý
)Ú
��ê�Vg, 3É�XÚ;�NC^�X��Ä
��5�C�.(;�ª! �ª!��ª�5z

�.)5O���lÑ�m��5XÚ,¿=^É�
XÚ�I/Oêâ53��OXÚ��FÝ�þ,l

¢y��5XÚ�MFAC[16∼22]. T«�{��ì�
O=^É�XÚ�I/Oêâ,Ø�)?ÛÉ�XÚ�
�.&E,U
¢yÉ�XÚ�ëêg·A��Ú
(�g·A��.T�{®²3�
b�^�eÒ
Ù¥�Äu;�ª�5zÚ �ª�5z�MFAC
�Y�Ñ
Âñ5Ú­½5�nØy²[18,22,23]. 8
c, daÃ�.g·A���{®²3Ò�!>
Å[23,24]!zó!§Ý!Øå�+�[25,26]!¢½¯�´

�Ï��[27]!ó§(�~�[28]!�á¤/[29]¥��

¤õ�A^,
�®²¼�
¥IEâu²;|. ¢
SA^!�ýïÄÚnØy²L²MFACEâU

?näkr��5Ú�C5XÚ���¯K.
a;�H. HjalmarssonÚJonas Sjobergu1995c

�Ñ
�«Ã�.���{, �¡�S�Ã�.
��`z�{(iterative model-free control optimiza-
tion method)½¡�S��"g���{(iterative
feedback tuning, IFT),ÙÄ�g�´|^��3É
�XÚó�:NC��5�C�.�E£5O�

����5XÚ�.�E£, ,�d�C�5�
.�^5O�XÚÑÑ'u��ìëê�FÝ&

E, TFÝ&E´dS��{5¢yÙ�O, ±d
5¢y��5XÚ�Ã�.��. �T�{3z
�gS�¥I�(��ìëê�ê+1)g¢�, äN
�©z[30∼32],�T�{I�®�É�XÚ�ê�
�O�.
{I�Michael G. Safonov31995cJÑ�«¡

�´����(unfalsified control)�Ã�.���
{, T«�{�Ä�g�´Äk�E��÷v5U
5�(performance specifications)��1��ìëê
8Ü,,�Äuþÿ��#êâS�/�O´Ä÷
vd5U5�.�#þÿ��êâÄ½K8c¦^
���ì��, K��ìB¬gÄ/���#��
�ì.�¤¦^��ì�÷v5U5���¤þÿ
��êâÄ½K,K�O��`z�{ ��1�
�ì��1«�.d«Ã�.���{��þ´�
«����,Ïdäkéõk�nØïÄ�¯K.ä
Në�©z[33, 34].
2.3 ������oooIII���ÃÃÃ���...���������{{{(Why we need

MFC)
��oI�Ã�.���{ºl¢SA^�Ý

ù, ó�L§��¥I����$¤����Eâ
5Jpó��¤¬��þ,¿�I�kUO�PID�
�Eâ����þÐ�!�NëêN���!=

U¢yëêg·A��!�U¢y(�g·A��

�!A^���2����nØ���Eâ. ln
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Ø�Ýù,I�&¢#���nØ�Eâ,5{øy
���nØ��{éÉ�XÚêÆ�.��6, l

U;mÄuêÆ�.���nØÚ�{¤¡��

°�5Ú�ï�Ä�ùéJ±)û�¯K.l��
nØ�{¤þw, ��nØ�{¤Ò´l{ü�Ø
I�êÆ�.�N!ì!PID��!ÄuD4¼ê�
.�²;��nØ!ÄuG��m�.�y���

nØ!�y3��
{øéÉ�XÚêÆ�.�6

��U��nØ�uÐL§. Ïd,&¢U{øéÉ
�XÚêÆ�.��6���nØ�EâÎÜ��

nØuÐ�Ú^.c?�ª³.
2.4 ���ooo���ÿÿÿAAA^̂̂ÃÃÃ���...���������{{{(When we use

MFC)
�o�ÿA^Ã�.���{º�É�XÚ�

êÆ�.�����, ½ö´É�XÚ��.�Ø
(½5é��,½ö´É�L§(�Czé��,é
J^��êÆ�.5Lã�, ½ï�¤�����
ÃØÐ�,)ö@�AT�ÄA^Ã�.���{.
��rN�´, �É�XÚ�°(êÆ�.��®
��,Òvk7�A^Ã�.���{. Ï�,�É
�XÚ�êÆ�.��®��, )öØ==��

É�XÚ�ÄåÆ1�,
����
É�XÚG
�ÚÑÑ�Cz5Æ,�
¢y��8I,kéõy
k���nØ��{�øÀJ,'Xg·A��!°
���!C(���!��5���{��. 
�,
�kéõ�¤Ù�©ÛÚ�OÃã�ø|^,'X,
rkå�Lyapunov©ÛÚ�O�{!�«°(�5
z�{��. ?�Ú,k
G�Cz�ÄåÆ�§,
Ø==UéXÚ¢y��, $��`��, 
��
��OG�*ÿì!U¢�éÉ��XÚ�G��

"!G�i�,±9¢yéXÚ�ý�Úµ�,�Ò
´`,k
XÚ°(�êÆ�.,�©ÒU¢y'�
����õ�?Ö.o�,Ã�.���{ÚÄu�
.���nØ��{ØUp���,Äu�.��
�nØ��{kÄu�.�{�Ã{O��`:,
Ã�.��nØ��{�kÃ�.��nØ��{

��?,vk�U���nØ��{.

3 MFAC ��� ��� ��� ÙÙÙ ¦¦¦ ��� ��� ��� {{{ ��� «««

OOO(Difference between MFAC and other
mainstream control methods)
�PID���«O: PIDa��Eâ�8cE,

´A^��2����Eâ. PID��Eâ�`:
3u{ü´Ã,¦^¥ØI�É�XÚ�êÆ�..
��3�Ì�¯Kk: �L§u)Cz�,��ìë
êI�­#�½, �N�éØ�B, 3��Nëê�
pÍÜ;PIDéuäkr��5!�C!9(�9ë

êØ(½5�XÚ���JØÐ;vknØ©Û(
J�yÙ­½5.
�g·A���«O: g·A��´y���

nØ¥Ø
�5XÚ!�`����	�nØ�¤

Ù���nØÚ�{. �g·A���Ä��n´
3É�XÚêÆ�.�(�(�)�ê)®�, �.
ëê��½ú�C��¹eXÛ�O��ì, ¿3
T��ì���e¦�TXÚ�ÑÑ�lÏ"�Ñ

Ñ.�8c��,g·A��Ì�ïÄ¤J´�é�
5XÚ�Ñ�. g·A��XÚd�OìÚ��ì
üÜ©|¤. Ïd,g·A��:I�ëêE£L§
±�OL§�.�ëê½��ì�ëê; I�b�
XÚ(�®�;3¢SA^¥��ì­½5Ú�.
ëêE£�Âñ5�3gñ�¯K.g·A��3
?n��5!�.(�Cz�é��'�(J.
�°����«O:°���´®�6Ä3�½

��S,ÄuÉ�XÚI¡�.�O�U
36Ä
��S­½ó�¿U�y��¬���«��ì�

O�{. ÙI¡�.7L®�, ���ì�OÐ±
�,XÚØU2Cz,ÄKI�­#�O.
� ²�ä��Eâ�«O:3��5XÚ��

�¥A^ ²�ä��®¼�
é��¤õ, �3
A^¥, 7LÄk®�É�XÚ��ê9Ù�
k
���£,O�þ��,I�Ôö��&Ò,!:!Û
�Ju(½. Ø¨?n�CXÚ,cÙ´(�!�ê
�CXÚ,��.
�S�ÆS���«O:S�ÆS��´�ék

�«mþ!�­E��5½��5XÚ,ÄucgÚ
cg±cd���Ñ\&Ò,ÚcgÚcg±cØ
Ó�����Ø�&Ò,$^'�{ü�ÆS�{,
?��cgS���c�����Ñ\&Ò,±¦
��XÚõg­ES��ÙÑÑ3��k�«mþ

���lÏ"&Ò.S�ÆS��XÚ�)ü�¶,
��´�m¶,��´S�¶. Âñ5´�S�¶�
��Âñ,Ø´U�m¶�ì?�l. §�MFAC�
�ÓA:´��ì¥Ø�¹?Û�É�XÚêÆ�

.&E,��´3�m¶þ�È©ì,��´3S�
¶þ�È©ì,Ñ´Ã�.���{.

4 MFAC���������ÄÄÄuuu���...���������{{{������
¬¬¬zzz���OOO(Modularized design by adding
MFAC into existing model based control
schemes)
MFAC ���Y��.¢y[16∼22]9Ù3¢S

¥�A^�±ë�©z[23∼29]. e¡�Ñü«#�
¢^�, �Äu�.���nØ��{�(Ü��
�XÚ�¬z�O�Y, Ta�YU
¢yMFAC
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�Ù¦��XÚ`³pÖ,�Óó�,u��g�?.
3¢S��XÚ�O�,��ó§�²~æ^�

�{Ò´¦�Uæ^$���5�.5?1��X

Ú�O.'X�éXe��lÑ�müÑ\üÑÑ
��5XÚ:

y(k + 1) = f( y(k), · · · , y(k − ny),

u(k), · · · , u(k − nu)). (1)

Ù¥y(k), u(k), ny, nu©O�XÚ�ÑÑ!Ñ\Ú

�ê.
g·A��Æ��O,æ^Xe���½ö��

�5�.5�O,=XÚï��,òXÚ�êÆ�.
ï�¤��½���5XÚ:

y(k + 1) = θ1y(k) + θ2u(k) = φT(k)θ, (2a)

y(k + 1) = θ1y(k) + θ2y(k − 1) +

θ3u(k) + θ4u(k − 1) =

φT(k)θ, (2b)

Ù¥θi(i = 1, 2½1, 2, 3, 4)´XÚ���ëê.
A^ÝK�{½���¦�{�O�Oì,U(

½5�d�n,��Æ�{�

u(k) =
1

θ̂2(k)
[y∗(k + 1)− θ̂1(k)y(k)] (3a)

½

u(t) =
1

θ̂3(k)
[y∗(k + 1)− θ̂1(k)y(k)−

θ̂2(k)y(k − 1)− θ̂4(k)u(k − 1)]. (3b)

w,, þã�g·A���Yvk�Ä�ï�Ä�
Ü©,Ïdknd`,þã�g·A��XÚ���
¬�Ø¬éÐ.¢Sþ,XÚ�.(2)°(/ªAT�
¢S�É�XÚ�.(1),
�¤ª(2)��Òk�ï
�Ä�¯K,�=

y(k + 1) =

θ1y(k)+θ2u(k)+NL = φT(k)θ + NL, (4a)

y(k + 1) =

θ1y(k)+θ2y(k−1)+θ3u(k)+θ4u(k−1)+NL =

φT(k)θ + NL. (4b)

Ù¥��5�ï�Ü©�

NL = f(y(k), · · · , y(k − ny), u(k), · · · ,

u(t− nu))− φT(k)θ.

Ïd,X��NLÜ©,Ù��Æ�OAT�

u(k) =
1

θ̂2(k)
[y∗(k + 1)− θ̂1(k)y(k)−NL]

(5a)

½

u(t)=
1

θ̂3(k)
[y∗(k+1)−θ̂1(k)y(k)−

θ̂2(k)y(k−1)−θ̂4(k)u(k−1)−NL]. (5b)

��Æ(3)���Æ(5)��O´²w�. nØþ
ù, Äu��Æ(5)����J!­½5Ú°�5�
½'Äu��Æ(3)��Ð.¯¢þ,3¢SA^g·
A���Y(2)(3)¥, NLÜ©Ø==�)�ï�Ä

�Ü©, Ó���)ëê�OØ�, Ïd, Ù(�Ú
Ä��~E,. �8c��,ÏL�O,«Å�Ö�
d�ï�Ä�Úëê�OØ�é��XÚ�K��

vkéÐ��{.
4.1 ÄÄÄuuuMFAC���OOO...������XXXÚÚÚ���OOO���YYY(MFAC

based estimation-type control system design)
Äu±þ�©ÛÚ?Ø, �±�ÑXeÄ

uMFAC��O.��XÚ�O�Y: g·A��
XÚ�O���Æ�{æ^ª(5),ëê�O�{æ
^ÝK�{½���¦�{. �ï�Ü©�O�{
æ^ª(6). äN�(��ã1.




ψ̂(k) =

ψ̂(k−1)+
ηk∆u(k−1)

µ+(∆u(k−1))2
(∆e(k)−

ψ̂(k − 1)∆u(k − 1),

NL(k + 1) = e(k) + ψ̂(k)∆u(k).

(6)

MFAC�	���^Ò´�Ñ�ï�Ä�Úë
ê�OØ��nÜK�,l
Jp��XÚ�¬�.
lã1�±wÑ��XÚ�O��¬z�Og�,
=: 	£´�\\ØK��5�XÚ�O,ämÃ�
.	£´�,XÚÒ´�5�g·A��XÚ.

ã 1 ÄuMFAC��O.��XÚ�Oµã
Fig. 1 Block diagram of MFAC based estimation-type

control system
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4.2 ÄÄÄuuuMFACiii\\\...������XXXÚÚÚ���OOO���YYY(MFAC
based embedded-type control system design)
�é�ï�Ä��K�,��±�ÑXe(��

ÄuMFAC�i\.��XÚ�O�Y:

u(k) = uAC(k) + uMFAC(k). (7)

Ù¥: g·A��XÚ�O���ÆuACæ^ª(3),
ëê�O�{æ^Äuª(2)����¦�{,Ã�
.��ÆuMFAC9� �ê�O�{, ±Äu;�
ª�5z��/�~,Xe:

ψ̂(k) = ψ̂(k − 1) +
ηk∆u(k − 1)

µ + (∆u(k − 1))2
(∆y(k)−

ψ̂(k − 1)∆u(k − 1)), (8a)

ψ̂(k)= ψ̂(1),XJψ̂(k)6ε,½ö | ∆u(k−1) |6 ε,

(8b)

u(k) =

u(k − 1) +
ρkψ̂(k)

λ+ | ψ̂(k) |2 [y∗(k + 1)− y(k)]. (8c)

Ù¥: ηk, ρk ∈ (0, 2), µ, λ´�­Ïf, ε´��¿©

���ê, ψ̂(1)´ψ̂(k)�Ð�.
äN�(��ã2. lã2�±wÑ��XÚ�

O��¬z�Og�,=: 	£´�\\ØK��5
�XÚ�O,ämMFAC	£´�,XÚÒ´�5�
g·A��XÚ;�L5, ämS£´, MFAC Òå
���^, ù�DÚ���XÚ�Ok�~²w�
ØÓ.

ã 2 ÄuMFAC�i\.��XÚ�Oµã
Fig. 2 Block diagram of MFAC based embedded-type

control system
þ ã � � X Ú � O � g � � � ± n )

�MFAC��ò���Äug·A���{¤�
O�XÚw¤��#���é�\±��, ù�
´MFAC���Ì�A:.
XJg·A�����J®²��n��

G�, KÉ�é��ÑÑÒ®²�l
Ï"&
Ò, MFAC�ÑÑ��&Ò�ÒØCz, d���
uMFAC	�®²äm.
ÄuMFAC�O.!i\.���XÚ�O�Y

��[�ýïÄ(J,du�¡��,Ñ�, a,�

�Öö�ëw©z[35, 36].

5 ((( ØØØ ��� ??? ��� ÚÚÚ III ��� ïïï ÄÄÄ ��� ¯̄̄

KKK(Conclusion and further topics to be re-
searched)
�©�Ñ
Ã�.��nØ��{�½Â,{�

nã
IS	k'MFAC��nØ��{�ïÄy

G, �²
MFAC���{�Ù¦��nØ��{

�«OÚéX, �Ñ
ü�¢^�MFAC�Ù¦�

��{`³pÖ��¬z�O�Y.

MFAC��nØ�kNõ�¯Kk�uC�Ú

ïÄ,X: 1)�«�5z�ª¥��CëêCz�Ý

�êþ�z,±9§���5XÚ��5§Ý�'

X; 2)� �ê½�FÝ½�JacobiÝ
�ÎÒA�

9�Ò�^�; 3)da�5z�.���5�� 

�ê½�FÝ��C�Ý�'X; 4)��Ñ\�5

zY²~êL9��ê�À�¯K; 5)���¹e�

­½5nØy²; 6)XJÉ�XÚ�,
&E�¼

�, XÛ|^ù
&E5JpMFAC������

JºXÛïáMFAC�Äu�.���nØ��{

�m�xùº7)XÛòÄu�.���nØ�©Û

óäÚ\�MFAC��¥; 8)XÛlnØþ`²ò

Ã�.��nØ��{i\�Äu�.���nØ

��{¥�Ð?,��.

MFAC��3¢SXÚ¥�A^�´�~k¿

Â�ïÄó�.
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