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Abstract As the uncertainty in automatic control, a new higher performance controller (NHPC) of uncertainty sup-

pression for large-lag process is proposed. Based on good progress in new observation methods and new control methods

as well as new filtering methods, a new advanced observer (NAO) and a internal feedback controller (IFC) as well as a

sinusoidal tracking filter (STF), etc. are used to construct NHPC. NHPC which can effectively suppress the time variabil-

ity and nonlinear uncertainty in a wider range is used to large-lag process control. The mathematical analysis, simulation

experiments and actual power engineering application results verify the correctness and effectiveness of the proposed ideas

and methods in this paper.
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JÑ�4���n!{IÆö��ù (Bellman) Má�Ä�5yÚk�ù (Kalman) ïá�k�ùÈÅnØ[11−12] �. ²L��õV�u�, �)Ñ÷�Úî��y���ØÚ¯õ�k?��üÑ[13−21], ~X�.ýÿ�� (Model predictive

control, MPC)[17−20] �. l 20 V 70 �m©,XÚE£Eâ[22−25] ±9O�ÅEâ�p�u�[26] ,rkå/íÄ
y���Ø3ó�L§¥�A^.©z [19] Øã
MPC é>åó�E,XÚ��5Ú¿Â, MPC �Ì�A:´U
N´/?n���å¯K. 3»>��L§��XÚ, �å`zk�U�L§��þ�þ;bXÚS�#N�e��, U
wÍ/Jp»>�$1�²L5; �*þ,du�3L§�Ø(½5¯K, �å`z�`³Ǒ��Xºx���, ~XN´E¤L§��þ���, Ø|u»>�$1�S�; ©z [20] �Ñ: “8ýÿ��nØÚ�{�Ì�¤J´�é�5XÚ�, du¢SA^+�¥�3�þ��5��¯K,ù�¡�ïÄAO´A^�éØ¤Ù”.



12Ï o��: �«#.p5U��ì�ïÄ�A^ 25593���Æ�u�L§¥, ��)Ñ«a´L�!0u²;���k?���m��ap5U��üÑ: ~XÄu ²�ä� PID[27]!ÄuU?âf+�{� PID[28]!ÄuU?¢D�{�
PID[29]!Smith ý���ì[30−31]!S���ì (In-

ternal model controller, IMC)[32−33]!S� PID[34]!g·A°���ì[35−36]!H∞ °���ì[37]!w���ì[38] �.y���Ø�nØ¤JǑ,�õÚî�, �´�*þ¿vkÀÄ PID ��3ó�L§���Ä:/ . 1989 §̧ ®�[39] uL35XÚ�Æ�êÆ6þ�Ø© “��nØ: �.Ø�´��Ø”, �N
�éy���Ø�*:. ¸®��Ǒ��nØkü�W,ØÓ�g��ª: �.ØÚ��Ø, ö
“�XÚ�êÆ�.�é��Æ��{”, �ö���K´XÚ� “,
ǑAAÆ½L§�,
¢�&E”.p�r[2] �Ñ
�Ï¿�u���Æ� 3 ��ª: “ó��ª!�.�ªÚ|6�ª”. �.�ª�L
y���Ø�g��ªÚ.*[2], “ï� –`z” ´k?����5¤3. p�r[2] Ó���Ñ:

“ó§��¥���é��Ñ´��5!�C����”. ù�*:L²: 3��¢S¥��3�þ�Ø(½5¯K, O(�êÆ�.J±¼�, “ï� –`z” éuØ(½5Ä�vk¿Â. 85w, ³�Ø(½5¯K��k��{E,´�) PID 3S��"��½ö�"��[40−41] . ù`²3Jp�"��5U��¡�ké��u��m.��'5�´: ¸®�[42] JÑ
Ø�6�.�g|6��Eâ (Active disturbance rejection con-

trol, ADRC), �Ñ
���Ø%´|6, Ǒ<�#�£��¯K���Ú��)û¢S���¯KJø
�«�#�g´. ADRC ´�«±*ÜG�*ÿì (Extended state observation, ESO)[43] ǑØ%�#.��Eâ, �°�Ø���''X[2, 44] ´
ADRC �wÍA:, ÏLN� ESO �ªÇ�°[45]U
¢y?¿°Ý�l6Ä. ÏLC 20 �u�,

ADRC �ïÄÚA^¤J®²�Ǒ´L[45−51] .ÈÅ�`�Ǒ´û½��5U����5Ï�, ~XÈÅ� �)�m�¢�E¤��£´½üÝeü. ¸®�[42] l��5���l (Nonlin-

ear optimal tracking, NOT)[52] �ÆÝJÑ
��5�l�©ì (Nonlinear tracking differentiator,

NTD)[52−54]. �é�5�l�©ì (Linear track-

ing differentiator, LTD)[55], NTD wÍJp
�lÑ\�©� “�Ç”. �´ NOT �lÑ\Ú NTD�lÑ\�©�A5��Ñ\�Ì�k'.3»>��L§��¢�¥, #.��üÑ�

)#.ÈÅ�{Ú#.*ÿ�{���
û��?�; ©z [56−58] l�u�l (Sinusoid tracking,

ST) �ÆÝ©OJÑ
�«�u�lÈÅì (Si-

nusoid tracking filter, STF)[56] Ú�«�u�l�©ì (Sinusoid tracking differentiator, STD)[57−58].

STF�lÑ\Ú STD�lÑ\�©�¢���, ¿��lA5�Ñ\Ì��'; ©z [59] JÑ
�«Äu¿éü� (Parallel reduction order, PRO) ÚpO� PI (High gain of PI, HGPI) ��ì�S�"�� (Internal feedback control, IFC)�{, Ø%´�«S�"ì (Internal feedback device, IFD).

IFD �¢�´�«��L§�¿éü�ì, ÏL
PRO �^, ò HGPI ¢S����gü$Ǒ��,k�Jp
 IFC 3�¢�L§���5U. ¤¢�¢�´p���.5Ú��X¢�A5��«{¡.Ï~�Ǒ: 3�¢�L§, X¢�'~3 30 % ±þ�,Káu�«J�L§. ©z [60]JÑ
�«#.|6���{ (New disturbance rejection control,

NDRC), Ì�·^u$�L§�|6��.�é3��¢S¥�3�X¢�¯K, �©JÑ
�«#.�*ÿ (New advanced observer,

NAO) �{, Jø
�«3ªÇA5þ�éX¢�L§��*ÿ, ù´ NAO ��
�*ÿ�wÍ«O¤3; �é3��¢S¥�3�Ø(½5¯K, �©JÑ
�«Äu NAO!IFC!STF �#.p5U��ì (New higher performance controller,

NHPC).�Ï±5, 3L§��+�, �)3»>�L§��¢S, /¤
± PID ��ǑÌ, k?��!p5U��!g|6��!#.������Ä�yG.5. �©¥Cþ (�)ÎÒ) �L�äk��5,��pÚ^; ÑuLã{'5�I�, ©¥é�^��Cþü ?1Ú�. X©¥�AO`², �m�)�m~ê�ü Ǒ s, ªÇ�)ªÇ�°�ü Ǒ
rad/s, O��)ÌªO��ü �þj, � �)�ª� Ú� ½üÝ�ü Ǒ ◦, �g�ü �þj.

1 �u�lÈÅì
STF[56] ´^u�E#.p5U��ì, =

NHPC ��Ä:��. STF 5u�«��.5ÈÅì (Second order inertial filter, SOIF) �SÜ(�[56], �«d LC ÈÅì (LC filter, LCF)[56] Ú
LCR[26] �u�lì (LCR sinusoid tracking, LCR-

ST)[56] �E�(�, Xã 1 ¤«.

LCR-ST ´�« LCR �ÏÈÅì[26] . 3ã 1¥, XJ^©z [56] JÑ��«#.�u�lì
(New sinusoid tracking, NST)[56] �� LCR-ST,
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ã 1 ��.5ÈÅìSÜ(�«¿ã
Fig. 1 The inside structure diagram of second order

inertial filter

SOIF Ú STF �D4¼ê©OL�Ǒ
WSOIF(s) =

1

(1 + TSOIFs)2

WSOIF(s) = WLC(s)[1 − WLCR-ST(s)]

WSTF(s) = WLC(s)[1 − WNST(s)]

WLC(s) =
1

1 + (TSOIFs)2

WLCR-ST(s) =
2TSOIFs

(1 + TSOIFs)2
(1)ª¥, WSOIF(s) Ǒ SOIF �D4¼ê, WSTF(s) Ǒ

STF �D4¼ê, TSOIF Ǒ.5�m~ê, WLC(s)Ǒ LCF �D4¼ê, WLCR-ST(s) Ǒ LCR-ST �D4¼ê, WNST(s) Ǒ NST �D4¼ê. TSOIF Ǒ�L LCF Ú STF �ÈÅ�m~ê.Ǒ
`² STF �ÈÅA5, éª (6) �Ñ�L§é� (Process object, PO) 3ü ��-y�L§ÑÑ©O?1 SOIFÚ STFÈÅ.^ YPO(t)L�
PO �L§ÑÑ, ^ YPO-STF(t) Ú YPO-SOIF(t) ©OL� STF Ú SOIF �l YPO(t) �ÑÑ. Ù¥3 POëêǑ: n = 4, Tα = 100 s, Kα = 1, TSOIF = 20 s,���¢�(JXã 2 ¤«.

ã 2 ÈÅA5é'«¿ã
Fig. 2 Comparison diagram of filter characteristicsdã 2 ��, STF �l YPO(t) �A5�`u

SOIF.

du STF �lÑ\�¢���, Ï~3ó§O�þØ�Ä STF.

2 #.�*ÿ�{�*ÿ´|^�
�üÑ¼�L§ǑA��&E, éuJpL§��5Uäk�¿Â. �üÑkõ«/ª, ~X ESO[43]!�©ì[52−58]!
2 �.5_�. (Second order inertial inverse

model, SOIIM)[56]!'~�© (Proportion differ-

entiation, PD) ��ì[63]!� ���[64] �.3��¢S¥, .5¢�L§ (Inertial lag pro-

cess, ILP)´ÊH�3�. Ù¥.5_�. (Inertial

inverse model, IIM) �±¢y�é ILP ��*ÿ. 3n��¹e, IIM U
*ÿ� ILP �Ñ\;dunØ�¢S�m�3 �, 2 �±þp� IIM

(Higher order IIM, HOIIM) 3ó§þ�¿ÂØ�.3��¢S¥, X¢�L§Ǒ´ÊH�3�, �éu.5¢�, X¢���g�¡�; Smith ý���ì[30−31] ´�«Äué�êÆ�.Ú�éL§X¢�Ö���«p5U��üÑ. 3��¢S¥O(�.�)O(X¢�J±¼�, Smith ý���$^¿ØÊH.8��*ÿéuX¢�L§vk�é5,Ǒ
)ûù�¯K, �©JÑ
�«#.�*ÿ�{, = NAO.nØþ, X¢�_ (Pure lag inverse§PLI) ´�«�éX¢�L§�n��*ÿì (Ideal ad-

vanced observation, IAO), L�Ǒ
WIAO(s) = eTAOs

WIAO(jω) = GIAO(ω)ejPHIAO(ω) (2)ª¥, WIAO(s) Ǒ IAO �D4¼ê, TAO Ǒ�*ÿ�m~ê, WIAO(jω) Ǒ IAO �ª�¼ê, ω Ǒ�uªÇ. GIAO(ω) Ǒ IAO �ÌªO�, PH IAO(ω)Ǒ IAO ��ª� .�´ IAO ´�«�¢���*ÿ, 3¢�XÚ¥�{¢y.���ÆǑ´�«¢��Æ[2] , ÏL�þ�¢�O�, �©é�
�«3ª�A5þCq IAO ��{, = NAO, L�Ǒ
WNAO(s) =

1.2
i=5
∑

i=1

(1 + 0.8TAOs)i

i=6
∑

i=1

(1 + 0.4TAOs)i

WNAO(jω) = GNAO(ω)ejPHNAO(ω)
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ωAO =
1

TAO

(3)ª¥, WNAO(s) Ǒ NAO �D4¼ê, WNAO(jω) Ǒ
NAO �ª�¼ê, GNAO(ω) Ǒ NAO �ÌªO�,

PHNAO(ω) Ǒ NAO ��ª� , ωAO Ǒ�*ÿªÇ�°.�âª (2) Úª (3), �� IAO Ú NAO �ªÇA5�O�(J, Xã 3 ¤«.

ã 3 #.�*ÿì�ªÇA5«¿ã
Fig. 3 Frequency characteristic diagram of

new advanced observer3ã 3 ¥, GIAO(ω) Ú GNAO(ω) æ^éê dBO�. 3 ωAO ±S, NAO � IAO �'�� Ø�
(Phase error) �u 0.5 ◦. NAO �pªO�ªu 0,äk���D(Z6ÈÅA5.

ωAO � TAO ��''X´ NAO �Ä�A5.3XÚªÇ�° (System frequency bandwidth,

SFB) ωSFB < ωAO �, NAO U
Jø3�m�þ�éO(�*ÿ.�*/
) NAO �A5, é PO 3ü ��-y�L§ÑÑ?1 NAO *ÿ. Ù¥3 PO ëêǑ: n = 4, Tα = 80 s, Kα = 1, �� ωSFB ≈

0.00543 rad/s, �� ωAO = 0.01 rad/s ½ TAO =

100 s. ���¢�(JXã 4 ¤«.3ã 4 ¥, YPO-NAO(t) Ǒ YPO(t) �NAO ÑÑ,�� NAO é YPO(t) äk����*ÿ5U.L§ǑA���®²��
�«&E, ~XL§�.�&E!ÍÜ�^�&E!Ø(½56Ä&E�. æ^ NAO U
J¼�ù
&E, éuJp�¢�L§���5UäkÈ4¿Â.

NAO´^u�E#.p5U��ì, =NHPC

��Ä:��.

ã 4 #.�*ÿL§«¿ã
Fig. 4 The diagram of new advanced observer process

3 #.p5U��ìǑ
U
��/)û�¢�L§��¥�Ø(½5�³�¯K, �©JÑ
�«Äu NAO!
IFC[59] �) STF[56] �#.p5U��ì, =
NHPC, Xã 5 ¤«.

ã 5 #.p5U��ì«¿ã
Fig. 5 The diagram of new higher performance controller3ã 5 ¥, ¼êu)ì (Function generator,

FG) ^u{ü�L§;,��, IFD dS�"ì
A (IFD of A, IFD-A) ÚS�"ì B (IFD of B,

IFD-B) ¤|¤. 	6ÏL6Ä�. (Disturbance

model, DM) ��U\3 PO �L§ÑÑ¥, ��u�\
�«	ÜÍÜ�^.

NHPC� IFC�Ì�«O´, XJ�� NHPC¥� NAO, K�� IFC.

NHPC ´�«ò IFC ¥� IFD ©Ǒ IFD-AÚ IFD-B �(�, L�Ǒ
WIFD(s) = WIFD-A(s) + WIFD-B(s) =
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KIFD

TIFDs

(1 + TIFDs)2

i=n−2
∑

i=0

(

1

1 + TIFDs

)i

WIFD-A(s) = KIFD

TIFDs

(1 + TIFDs)2

WIFD-B(s) =
KIFDTIFDs

(1 + TIFDs)3

i=n−3
∑

i=0

(

1

1 + TIFDs

)i

(4)Ù¥, WIFD(s) Ǒ IFD �D4¼ê, WIFD-A(s) Ǒ
IFD-A �D4¼ê, WIFD-B(s) Ǒ IFD-B �D4¼ê. KIFD Ǒ IFD �O�, TIFD ǑÚ���m~ê,

n Ǒ�ê�g.3 NHPC ¥, HGPI � IFD-A �¤
�«SÜ PID ��ì (Inside PID, IPID), L�ªǑ
WIPID(s) ≈

1

WIFD-A(s)
=

1

KIFD

[2 +
1

TIFDs
+ TIFDs] (5)Ù¥, WIPID(s) Ǒ IPID �D4¼ê.ïÄ(JL², òNAO�3�"Ï�½ö�3

IPID �¡, 3	6³�þvk«O. XJò NAO�3�"Ï�, Ì�¯K´éÑÑ�lÑ\��Ýk���KǑ. Ïd, ¢Sò NAO �3 IPID ��¡. Ø�Ä STF,K IFD-B ´ PO ��« PRO, L�ªǑ
WPO(s)

n≥3

=
Kα

(1 + Tαs)n

WPRO(s) = WIFD-B(s) + WPO(s) =
Kα

(1 + Tαs)2

KIFD = Kα, TIFD = Tα (6)Ù¥, WPO(s) Ǒ PO �D4¼ê, Kα Ǒ PO �O�, Tα Ǒ PO �.5�m~ê, WPRO(s) Ǒ IFD-B� PO ¿é�D4¼ê.dª (6) ��, XJ PO �.®�, K IFD-B� PO �.¿é�(J����.5�!, IPID ¢S���´��.5�!, ùÒ´ PRO ��^.Ø�Ä STF, �� NHPC m�ª�¼êǑ
WNHPC-OL(jω) =

WIPID(jω)WNAO(jω)WPO(jω)

1 + WIPID(jω)WNAO(jω)WIFD-B(jω)
=

GNHPC-OL(ω)ejPHNHPC-OL(ω)

PMNHPC-OL
GNHPC-OL(ω)=1

= 180 + PHNHPC-OL(ω) (7)Ù¥, WNHPC-OL(jω) Ǒ NHPC �m�XÚª�¼ê. WIPID(jω)!WNAO(jω)!WPO(jω)!WIFD-B(jω)©OǑ IPID!NAO!PO!IFD-B �ª�¼ê.

GNHPC-OL(ω) Ǒ NHPC �m�XÚÌªO�.

PHNHPC-OL(ω) Ǒ NHPC �m�XÚ�ª� .

PMNHPC-OL Ǒ NHPC �m�XÚ� ½üÝ.äN3 PO ëêǑ: n = 4, Tα Cz��Ǒ 1∼

300 s, Kα Cz��Ǒ 0.5∼ 2.0. IFD ëêǑ: TIFD

= 100 s, KIFD = 1. NAO ëêǑ: TAO = 100 s. �� PMNHPC-OL �O�(J, Xã 6 ¤«.

ã 6 NHPC m�XÚ� ½üÝ
Fig. 6 The diagram of open loop system phase stability

margin of NHPCÏLéã 6 �©Û��, �Ñ� 7 ^
PMNHPC-OL � Tα Cz��Ä�3 PMNHPC-OL

= 90 ◦ Ú Tα ≈ 80 s ?�¬, `² NAO å�
�«3ªÇA5þ� “àÜ�^”. �±�Ǒ: 3 Tα =

80 s �, PMNHPC-OL Ä�Ø� Kα Cz, ù´��kd���A5, L²
3 7 ^���¬«, éL§���5äk���³�5U.Ñué'I�, �â1 5 !�Ñ� PID ëê,^ PMPID-OL L� PID m�XÚ� ½üÝ. 3�Ó�L§Cz^�e, �� PMPID-OL �O�(J, Xã 7 ¤«.dã 7 ��, �Ñ� 7 ^ PMPID-OL � Tα Cz��vk�Ó��¬«, � PMPID-OL �KαCz�uÑÝ��, L²
 PID ³�L§��5�5U��. �*/w¯K, 3 Kα > 1 �, ½��3 Tα �e�`u NHPC, ù´¯Ô�gñ5¤û½�.

4 #.p5U��ì�S���ì�é'S���ì (IMC)[32−33] ´�«ÄuL§êÆ
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IMC XÚXã 8 ¤«.

ã 7 PID m�XÚ� ½üÝ
Fig. 7 The diagram of open loop system phase stability

margin of PID

ã 8 S���XÚ«¿ã
Fig. 8 The diagram of internal model control system3ã 8 ¥, IMC XÚd FG!_�. (Inverse

model, IM)!ÈÅì (Filter, F)!�. (Model, M)!
PO!DM ��¤.Ø�Ä FG, IMC 4�D4¼êǑ
WIMC-CL(s) =

WIM(s)WF(s)WPO(s)

1 − WIM(s)WF(s)[WM(s) − WPO(s)]
= WF(s)

WM(s) = WPO(s)

WIM(s)WM(s) = 1 (8)Ù¥, WIMC-CL(s)Ǒ IMC�4�D4¼ê. WIM(s)Ǒ IM�D4¼ê. WF(s)Ǒ F�D4¼ê. WM(s)ǑM �D4¼ê.dª (8) ��, 3M � PO D4¼ê��!IM� M D4¼ê���u 1 ��¹e, IMC �4�D4¼ê�u F �D4¼ê.

dunØ�¢S�m�3��� �, 3��¢S¥O(��.J±¼�, pu 2 �� IM 3ó§�¿ÂØ�. ó§þ, IM ��gØ¨�L 2 �.ÑuïÄ�I�, ½Â IM Ǒ SOIIM[56], F Ǒ
SOIF[56], M Ǒp�.5�. (High order inertial

model, HOIM), L�ªǑ
WIM(s) = KIM(1 + TIMs)2

WF(s) =
1

(1 + TFs)2

WM(s) =
KM

(1 + TMs)n

KIMKM = 1 (9)Ù¥, KIM Ǒ IM �O�, TIM Ǒ IM �.5�m~ê; TF Ǒ F �.5ÈÅ�m~ê; KM Ǒ M O�,

TM ǑM �.5�m~ê.

IMC m�XÚª�¼êǑ
WIMC-OL(jω) =

WIM(jω)WF(jω)WPO(jω)

1 − WIM(jω)WF(jω)WM(jω)
=

GIMC-OL(ω)ejPHIMC-OL(ω)

PMIMC-OL
GIMC-OL(ω)=1

= 180 + PHIMC-OL(ω) (10)Ù¥, WIMC-OL(jω) Ǒ IMC �m�XÚª�¼ê.

WIM(jω), WF(jω), WM(jω) ©OǑ IM, F, M �ª�¼ê; GIMC-OL(ω) Ǒ IMC �m�XÚÌªO�, PH IMC-OL(ω) Ǒ IMC �m�XÚ�ª� ,

PM IMC-OL Ǒ IMC �m�XÚª�� ½üÝ.äN3 IM ëêǑ: TIM = 80 s, KIM = 1. FëêǑ: TF = 10 s. M ëêǑ: n = 4, TM = 80 s,

KM = 1. 3�ã 6 �Ó�L§Cz^�e, ��
PM IMC-OL �O�(J, Xã 9 ¤«.ÏLòã 9 �ã 6 ?1é'�±uy, 3�Ó�L§Cz^�e, IMC ³�L§Ø(½5�5U²wØX NHPC, äNLy3: PM IMC-OL � Tα Ú
Kα Cz�½���é�Ä, L²
 IMC �°�5UØX NHPC.3ã 9¥, �Ñ� 7^ PM IMC-OL� Tα Cz��vk�Ó��¬«, L²
 IMC³�L§��5�5UØX NHPC.

5 �ý¢�Ǒ
�	 NHPC ���5U, 3êiO�Åþ?1
�ý¢�, Ù¥ê�lÑO�m�Ǒ 1 s. �©Ì�l³�Ø(½5��¡�	 NHPC ���5U.
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ã 9 IMC m�XÚ� ½üÝ
Fig. 9 The diagram of open loop system phase stability

margin of IMCdu3��¢S¥ PID $^'�ÊH, Ïd3�ý¢�þ, Ì�ò NHPC ��� PID ��?1é'.Ñu�ý¢�I�, {ü�Ä, FG Ú DM þæ^��.5�!, L�ªǑ
WFG(s) =

1

(1 + TFG1s)(1 + TFG2s)

WDM(s) =
1

(1 + TDMs)2
(11)Ù¥, WFG(s) Ǒ FG �D4¼ê, TFG1 Ú TFG2 Ǒ

FG � 2 �.5�m~ê. WDM(s) Ǒ DM �D4¼ê, TDM Ǒ DM �.5�m~ê.^ PV NHPC(t) Ú PV PID(t) ©OL� NHPCÚ PID ���L§ÑÑ, ^ CONHPC(t) Ú
COPID(t) ©OL� NHPC Ú PID ��ì�ÑÑ.Ù¥��Ñ\Ú	6æ^��&Ò.

PID ¥��©�^æ^¢S�©�![65], �«n��© (Ideal differentiation, ID)[57−58] Ú��.5ÈÅ (First order inertial filter, FOIF) �G?(�. é PID ëê�½��K´: 3Ñ\��Cz�, L§ÑÑØÑy�N, 8�´�y PID é(½5é�äk�����A5, U
�ý¢/?1é'.

PID L�ªǑ
WPID(s) = Kp +

1

Tis
+ Kd

Tds

1 + Tds
(12)Ù¥, WPID(s)Ǒ PID�D4¼ê, Kp Ǒ'ÇO�,

Ti ǑÈ©�m~ê, Kd Ǒ¢S�©O�, Td Ǒ¢S�©�m~ê.3 PO ëêǑ: n = 4, Kα = 1, Tα = 80 s.

IFD ëêǑ: KIFD = 1, TIFD = 100 s. STF ëêǑ:

TSOIF = 10 s. NAO ëêǑ: TAO = 100 s. FG ëêǑ: TFG1 = 100 s, TFG2 = 50 s. DM ëêǑ: TDM

= 80 s; ,	, ²õgN�, �� PID ëêǑ: Kp =

0.75, Ti = 295 s, Td = 100 s, Kd = 0.35. ��©¥X�AO`², �±þãëêØC.Ù¥, Ñ\Ǒ 1, 	6Ǒ 0.5, ���¢�(JXã 10 ¤«.

ã 10 ��A5�ý¢�(J (¿ã 1)

Fig. 10 The results of control characteristic

simulation (NO. 1)��©¥X�AO`², þ%�Ñ\Ǒ 1 Ú	6Ǒ 0.5.ò Tα = 80 s UǑ Tα = 50 s, ���¢�(JXã 11 ¤«.ò Kα = 1 UǑ Kα = 2. ���¢�(JXã
12 ¤«.ã 12 �Ñ�¢�(J`²: NHPC 3³�L§O�Cz�5Uþ²w`u PID.3 PO ¥O\ 125 s �X¢�, ���¢�(JXã 13 ¤«.ã 13 �Ñ�¢�(J`²: NHPC 3³�L§�mCz�5Uþ²w`u PID.3 PO ¥O\ 125 s �X¢�, ¿�éL§ÑÑ PVPID(t) Ú PVNHPC(t) ?1�ê?n, äNǑ
[PVPID(t)]1.25 Ú [PVNHPC(t)]1.25, 8�´�[�f��5��¢�L§. ���¢�(JXã 14 ¤«. ã 14 �Ñ�¢�(J`²: NHPC 3³��¢�L§��f��5�5Uþ²w`u PID.3 PO ¥O\ 200 s �X¢�, ���¢�(JXã 15 ¤«.3ã 15 ¥, X¢�¤Ó'~Ǒ 38 %, áu�«
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ã 11 ��A5�ý¢�(J (¿ã 2)

Fig. 11 The results of control characteristic

simulation (NO. 2)

ã 12 ��A5�ý¢�(J (¿ã 3)

Fig. 12 The results of control characteristic

simulation (NO. 3)J�L§. ¢�(J`², 3ØUC NHPC ëê�Je, NHPC éuJ�L§E,äkû����5U. XJUC NHPC �ëêKéuX¢�'~
60 % ±S��¢�J�L§Ǒäkû����5U. 3 PO ¥O\ 50 s �X¢�, ¿�éL§ÑÑ PVPID(t) Ú PV NHPC(t) ?1²�?n, =
[PVPID(t)]2 Ú [PVNHPC(t)]2, 8�´�[�r��5��¢�L§. ���¢�(JXã 16 ¤«.ã 16 �Ñ�¢�(J`²: NHPC 3³��¢�L§��r��5�5Uþ²w`u PID.

ã 13 ��A5�ý¢�(J (¿ã 4)

Fig. 13 The results of control characteristic

simulation (NO. 4)

ã 14 ��A5�ý¢�(J (¿ã 5)

Fig. 14 The results of control characteristic

simulation (NO. 5)éL§ÑÑ PVPID(t) Ú PVNHPC(t) ?1á�?n, = [PVPID(t)]3 Ú [PVNHPC(t)]3, 8�´�[�r��5��¢�L§. ���¢�(JXã 17¤«.ã 17 �Ñ�¢�(J`²: NHPC 3³��¢�L§��r��5�5UþwÍ`u PID.3ã 17 ¢�(J�Ä:þ, �� NHPC ¥�
NAO, K�� IFC ��. ^ COIFC(t) Ú PVIFC(t)©OL� IFC ���ìÑÑÚL§ÑÑ. ���¢�(JXã 18 ¤«.
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ã 15 ��A5�ý¢�(J (¿ã 6)

Fig. 15 The results of control characteristic

simulation (NO. 6)

ã 16 ��A5�ý¢�(J (¿ã 7)

Fig. 16 The results of control characteristic

simulation (NO. 7)ã 18 �Ñ�¢�(J`²: NHPC 3��5Uþ`u IFC.dã 10∼ 17 ¢�(J��, �é PID ��,

NHPC 3³��¢�L§�Ø(½5¯KþäkwÍ�`³.lÑ\��ÑÑ�ÆÝw, NAO k�~�
��ÑÑ�ÅÄ��, äkû��½5.

ã 17 ��A5�ý¢�(J (¿ã 8)

Fig. 17 The results of control characteristic simulation

(NO. 8)

ã 18 ��A5�ý¢�(J (¿ã 9)

Fig. 18 The results of control characteristic simulation

(NO. 9)

6 ¢SA^ò�©NHPC$^u,»>�� 1 000 MW-uÅ|�G¬Ì�XÚ�`z. G¬Ì�XÚ^u��G¬ÌðØå, ���ã´ÏL��G¬-uþ�Cz����G¬ÌðØå�8�.¤ãG¬Ì�XÚæ^~5 PID ��, Ì��3¯K´3Å|CKÖL§, G¬ÌðØå�ÅÄ
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ã 19 `zG¬Ì�XÚ��A5«¿ã
Fig. 19 The control properties of boiler master control

system before optimizationdã 19 ��, G¬Ì�ÑÑ�ÅÄ��, Ì�´"��þØO(Úå�. 3CKÖL§, G¬ÌðØå�lG¬Øå�½����Ä� �Ǒ
1.17 MPa.I��Ñ: du PID ��5UØp, "���é�, "��å�
�«)Í[66−67] �^.æ^ NHPC é¤ãÌðØå��XÚ?1`z, Ì�8�´UõG¬ÌðØå�lG¬Øå�½�Ä�A5, Xã 20 ¤«.

ã 20 G¬Ì�XÚ`z«¿ã
Fig. 20 The optimization diagram of boiler master

control system3ã 20 ¥, KÖ?�¼ê[59] ^u3ØÓ�KÖ�-e, ?� NHPC �ëê, Ì��^´éL§�ú�C¯Kk����lA5.Ù¥3Å| 750 MW KÖ, ÏLy|Á�ÿ�G¬Ì�ÑÑ –ÌðØåé�����. (Second

order model, SOM) Ǒ
GSOM(s) =

0.87

(1 + 246s)(1 + 355s)
(13)Ù¥, GSOM(s) Ǒ SOM �D4¼ê, �¿Ø�L¢

Sé��½´���, Ù¥��¹kX¢��Ïê�. Ǒ
{z NHPC ëê�½, æ^
ó§ëê�½�{ (Engineering parameter tuning method,

EPTM). Ì��â SOM �¢��m T0.63, ǑL§�þ,�L§ª� 0.63 ��m. ,��Ñ���êó§�g neng, ��ò T0.63 ²þ©�� IFD, ��
IFD �ëê.�âª (13) �Ñ� SOM D4¼ê, éA�
T0.63 ≈ 631 s, ¢S�� neng = 8, �� IFD ëêǑ

neng = 8

KIFD = 0.87

TIFD =
T0.63

neng

=
631

8
≈ 79 (14)¢S�� NAO ëêǑ: TAO = 200 s.æ^ NHPC `z�, Ù¥3Å| 800 MW →

600 MW �üKÖL§, ��ÌðØå���A5,Xã 21 ¤«.

ã 21 `z�G¬Ì�XÚ��A5«¿ã
Fig. 21 The control properties of boiler master control

system after optimizationdã 21 ��, 3æ^ NHPC `z�, G¬Ì�ÑÑCz�é². 3CKÖL§, G¬ÌðØå�lG¬Øå�½�Ä� ���Ø�L 0.51 MPa,XJæ^ IFC `z, ��Ø�L 0.68 MPa. ��,æ^ NHPC `zÂ�
²w��J.I��Ñ: NHPC ¥� NAO äk�½�)Í�^, "���éØ�.

7 (Ø�©�Ñ3L§��+�, �)3»>�L§��¢S, /¤
± PID ��ǑÌ, k?��!p5U��!g|6��!#.������Ä�yG.é3»>�L§��¢�¥Ñy�#.��üÑ?
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o(.æ^¿éü��{!= PRO, ´Jp�) PID3S$���ì3�¢�L§��5U�k�å». STF ��)û
ÈÅ¢��¯K, NAO Jø
�«3ªÇA5þ�éX¢�L§��*ÿ.

PRO!STF!NAO �äk��5¿Â; �é3�¢�L§��¥�3�Ø(½5¯K, òNAO Ú IFC�) STF �kÅ(Ü, �EÑ�«#.p5U��ì!= NHPC, 3�°���S, é�¢�L§��C5�)��5�Ø(½5¯Käk���³�5U; �©JÑ��{´é��nØ�k�u�, äk��nØïÄÚó§A^d�. êÆ©Û!�ý¢�Ú¢S>å��ó§A^�(J, �y
�©¤JÑ*:Ú�{��(5Úk�5.��2À>�k�I?úiBoó§���ér?#.��Eâ�/¤�Ñ
{¤5Ú'�5�z,2À>��UEâk�I?úiBo²n÷o!H�>�p?Eâ;[4�éíÄ#.��Eâ?\�2À�u>XÚ�û�A^å�
��^, >�±ª���¿.
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