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Abstract: In industrial process control, proportional-integral-derivative (PID) control is the fundamental technology
and first choice for engineers. Rencently, a serious defect of PID that the efficiency of conventional integration control
tracking constant disturbances is not high has been revealed. Aiming at this problem of conventional integration control,
a infinite orders integrator (IOI) is proposed, can significantly improve the efficiency of tracking constant disturbances,
which is a great breakthrough of control engineering. A novel feedback controller (NFC) can be constructed by IOI,
which can remarkably improve the performance of the process output tracking set value and steady deviation. NFC has the
characteristic with simplicity and practicability in engineering, and it has better control performance on the hard-to-control
process than traditional PID. The mathematical analysis, simulation experiments and actual application results on power
engineering verify the correctness and effectiveness of the proposed theories and technologies in this paper.
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Table 2 Calculation results of control efficiency
index of A
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Table 3 Calculation results of control efficiency
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CEI 0.5376 0.5098

T R 3HEAT T AT, ARG PIAz ], P-TOT4% i)
SRE STl &S = A=

F2 5K 32 ANEAE T, R RE T
CEIFTs & AEAHMIE. T3 b, ZEPOFITS 4444 1A,
FBAKTE T = 10005, 15 3 P-101 #% il 5 NFC 4% #1| i)
CELF 455, insR4fR.

T R ABEAT 43 BT AT 0, FEPORI T 25 AR R B,
FEFHIRCR e bR L, NFCH i 5 P—TOT{% il 3 A 24,

LI, Al i B A IR &, I A
AR B H A 2 7RE S0 B . AR AR 57 A
L, # EVR R ST ER B A W %2 91.16 MPa.

P FEE RGN 2R ERNER RS, AR
Z RIS &, PIDRE] | — MBI IEEH. HT
SERRPIDAE 58, SEbr R AFAS IEAE I #¢535. FINFCHL
R 2 A5 B s i) 245 R IWPID, 3F H N 7 NFCHI & 14
REIEAEFH, (R I8 2498055 i i il 1.

K FINFCX] it i 3295 % 1 ¥% il & g it A7 1k,
K23 F77.

IR Soth e
NFC RN

YRS —>=

HLAL g & ——=| Susirer

23 i EE RGO ER
Fig. 23 The optimization diagram of master control system of

boiler

fitas bR UV FAEA I 48 2, IB1IENFC
B2 %0, B e 0 i F2 0 15 i A0 A 6 1 IR R AR 12k
HAENLZH 735 MW G i7, BL37 R 06 M0 751 % 88 b 32 3%
i = R 76 B 55 R A (equivalent model,
EM)#ik N
0.96 510,

K Gem(s) NEMPIL R EL.

EMX T, 65 = 507s, Pg = 0.96, % B NFCTE
735 MW 14 (30N Knpe = 0.52, Tior = 507,
Tao = 0.3, Tpes = 152s.

7E K A NFC 4k J5, H 0 75 HL 41 800 MW —
700 MW 1) % 47 faf ik B2, 75 21 BTk 1R K 1 R R
FIFE R, 24 FR.

21



2 1

R — R R S AR T TS R 421

X FANFECHAL G, Sakr 454 B AL EL BT A,
AR i B, B B VSR R 8h & 22 — AT
0.68 MPa, K HINFCHLALIE 1 BH B IR

32 850 1000 T T T
AL 464
z |
. |E | el
* |3
PNE -

= 650 35700 R 4

& [
B &
= |B
R AR
16 L 450L 400

Bad 145 5E | MPa, Bl F95 % / MPa
R
]

1 1 1
0 450 900 1350

K 24 PRAbJE T4 R fR R R

Fig. 24 The control properties of master control system of

1800

boiler of after optimization

7

S E AT UL 25 (NAO) 6 75 B FH 43 8% (10O1) « 5
T R s ) 2% (NFC) &5 TR I 1) 2 B, NFC ) 52 i
FENGTCTIBY B B B BE B A (SWEMWE s fil 38 i
FRUERE Y E S s b, NFCo2 442 i 1 R 7 o 4
BA TR A TR 5 P | NECEAAE R K Kk
FLHLZEL I A 42 1 R e i R g ) Al i
ORI LA KRG EIE T R IR
T FRUR. NFCREE A RO B mrds i A ER B R P b
MR RR, 0T Tk A B B RS2 by
RO A B SRIG AN ST PR ) TR R 45 R, 56
UE 1B 7 iR IE R A A 25k

S5 CHk:

[1] CHAI Tianyou. Development directions of automation science and
technology. Acta Automatica Sinica, 2018, 44(11): 1923 — 1930.
CERM. HEMLR SR A RTTIA. A IR, 2018, 44(11):
1923 - 1930.)

[2] CHAI Tianyou. Operational optimization and feedback control for
complex industrial processes. Acta Automatica Sinica, 2013, 39(11):
1744 - 1757.

CERAM. ok Tl BT A 5 il B 3224k, 2013,
39(11): 1744 - 1757.)

[3] ZHANG Bishan, MA Zhongjun, YANG Meixiang. Robust H., fuzzy
output-feedback control with both general multiple probabilistic de-
lays and multiple missing measurements and random missing control.
Acta Automatica Sinica, 2017, 43(9): 1656 — 1664.

(FRbly, BBE, BER. BEH —REANFEHEE L L Z A
T IRANBENLEE ] T 5 11 B B H oo ORI S, 1 B AL 24,
2017, 43(9): 1656 — 1664.)

[4] DU Jialu, YANG Yang, GUO Chen, et al. Output feedback control for
dynamic positioning system of a ship based on a high gain observer.
Control Theory & Applications, 2013, 30(11): 1486 — 1491.
(KA, o, IR, 5. 2T g s LI 2 ROMEAAEh 70 %8 RS HY
v . R e SR, 2013, 30(11): 1486 — 1491.)

[5]

[6]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

MINORSKY N. Directional stability and automatically steered bod-
ies. Journal of the American Society of Naval Engineers, 1922, 42(2):
280 —309.

MA Yantong, ZHENG Rong, YU Chuang. Autonomous underwater
vehicle deepening control based on transiting target value nonlinear
PID. Control Theory & Applications, 2018, 35(8): 1120 — 1125.
(S, M, T, i HARE AR EPIDN 5 iA/K FHLE AR
REHIIF . B 5 M, 2018, 35(8): 1120 - 1125.)
CAI Gaipin, XU Qin, ZENG Yanxiang, et al. IMC-PID series de-
coupling control of the pre-mill grinding system. Journal of Beijing
Polytechnic University, 2016, 42(1): 35 — 41.

(BT, WP, WG Hde, 45 TREEHLEBD REHIIMC—PID H kA
). AL TR E44], 2016, 42(1): 35 - 41.)

LI Jun, WAN Wenjun, ZHANG Xi. Study on novel robust PID con-
trol strategy based on non-linear filtering. Power Engineering, 2013,
33(2): 117 -122.

(B, I3, oK. 5T AR EEIR 1 BB L & B PID 5 ) s
HIRFFF. s 71 RESAK, 2013, 33(2): 117 - 122.)

LI Jun, HUANG Weijian, WAN Wenjun, et al. Research on a kind
of high performance PID controller and its engineering application.
Guangdong Electric Power, 2018, 31(7): 42 — 48.

(B, W8, %, &, — ik REPIDSE fl & HHT 7155 TR
FI. T %75, 2018, 31(7): 42 - 48.)

WANG Weizhou, WU Zhiwei, CHAI Tianyou. PID control with out-
put compensation for the fused magnesia smelting process. Acta Au-
tomatica Sinica, 2018, 44(7): 1282 — 1292.

(E4EM, KB, SeRAM. ISR R 21 F A M RO PID Y%
. AR, 2018, 44(7): 1282 - 1292))

YANG Hui, HAO Lina, CHEN Yang, et al. Kalman-PID control for
chattering phenomena of bionic elbow joint actuated by pneumatic
artificial muscles. Control Theory & Applications, 2017, 34(4): 477
—482.

(M, RO, 4, 458 X 30 LAY 017 22 IR 50 15 $HR IL S 1
Kalman-PID#zf. 23t 58 H, 2017, 34(4): 477 - 482.)

LUO Chuanyi, CHENG Guifen, FU Jiacai. Control Engineering and
Signal Processing. Beijing: Chemistry Industry Press, 2004.
PR, FEESE, X4 i TR SE S AR, 6Tt Tl
Jitt, 2004.)

KALMAN R E. On the general theory of control systems. IRE Trans-
actions on Automatic Control, 1959, 4(3): 110 - 110.

KALMAN R E. Canonical structure of linear dynamical systems.
Proceedings of the National Academy of Sciences of the United States
of America, 1962, 48(4): 596 — 600.

CHEN Huan, HU Yunfeng, YU Shuyou, et al. Airpath prediction
model and predictive control of turbocharged gasoline engine. Con-
trol Theory & Applications, 2017, 34(8): 1008 — 1018.

(XK, B0, TR A, S i VR L B I A ) i 5
T, FEHIE SR, 2017, 34(8): 1008 — 1018.)

HU Chaofang, XIE Qiangian. Sum of squares-robust model predic-
tive controller for nonlinear system with input saturation. Control
Theory & Applications, 2016, 33(3): 321 — 328.

(DS, 1. ARGt RGN RIS T~ 75 A B AR
T flE. FEHEE SR, 2016, 33(3): 321 —328.)

CUI Jinghan, LIU Xiangjie, KONG Xiaobing. Fuzzy economic mod-
el predictive control of boiler-turbine system. Control Theory & Ap-
plications, 2018, 35(3): 308 — 316.

CHESIRA, X7, FLNEE, S REe L R SRR 285 R Tl 7
. IS R, 2018, 35(3): 308 - 316.)

FU Yue, DU Qiong. Multi-model adaptive control method for a class
of industrial operational processes. Acta Automatica Sinica, 2018,
44(7): 1250 — 1259.

(a A, IR — RIS T R 2 B a MAs H Tk, H i
i, 2018, 44(7): 1250 — 1259.)



422 w5 MM H31%
[19] Li Jun, CHEN Shihe, WAN Wenjun, et al. An internal feedback con- [31] LI Jun, ZHOU Yongyan, LIU Zhe, et al. A cascade control method,
troller. Acta Automatica Sinica, 2018, 44(9): 1706 — 1716. device, equipment and storage media. China Patent, 2018: CN108
(B, BN, J33CE, &6 — MR Gk S IFCIITT R 5 M. | 983733A. Guangzhou: Guangdong Power Grid Co., Ltd.
AL 2018, 449): 1706 - 1716) R, JKE, KU, 25, R R i, L s B AR A
- ] il -
[20] ZIEGLER J G, NICHOLS N B. Optimum setting for automatic con- J)ﬁ‘ LR, 2018: CN108983733A. J7JH: |7 R AL A IR STAE 2
trollers. Transactions of ASME, 1942, 64: 759 — 768. A
[21] BLICKLEY G J. Modern control started with Ziegler-Nichols tuning. [32] XIAO Deyun, YANG Fan, ZHANG Yinong, et al. Combination of
. . . UD factorization and bias compensation for errors-in-variables mod-
Control Engineering, 1990, 11: 11 —17.
el identification. Control Theory & Applications, 2018, 35(7): 949 —
[22] ZHENG Jun, YAN Wenjun, ZHU Jing. Relay auto-turning for PID 955
control based on scale filter and wavelet denoising. Control and De- GEEZE, B, SRR, 5. UDAMIR SR AL ss & TAs et
cision, 2005, 20(7): 811 -814. = = - RV, SBIELE 5 R0, 2018, 35(7): 949 - 955.)
OBZE, BUCR, EE. FET RN 5 /N 25 (K PID AR LB SE . 4 331 TIA Li. LI Xunlone. Identification of b o odel: revi g
S5 2005, 20(7): 811 — 814.) [33] i, unlong. Identification of hammerstein model: review an
prospect. Control Theory & Applications, 2014, 31(1): 1 —10.
[23] CHAI Tianyou, ZHANG Guijun. A new self-tuning of PID regulators (857, 2512, Hammerstein B RSR[5 JR 48 1 SR 5 7
based on phase and amplitude margin specifications. Acta Automati- Fi, 2014, 31(1): 1 —10.)
a Sinica, 1997, 23(2): 167 - 172. .
EZK %n;a o E( 3):%\% T — [34] DU Xin, DING Dawei. Model qrder reduction of linear delay systems
[y . g M N Z AE
%ﬁﬁ‘?’% lfTi;fJ %fz ™ Ell 997.23(2): 1§7 B T7 2) - over low-frequency ranges via balanced truncation based approach.
’ ’ R ’ ’ ' Acta Automatica Sinica, 2015, 41(10): 1825 — 1830.
[24] LIU Xiaobin. Study on the control strategy of air-fuel ratio of net- CHEZE, T . ST T Ty 1 3 b 1) 2 ek P g 28 B 4T,
work PID parameter tuning based on BP neural. Journal of Lanzhou MBI, AR, 2015, 41(10): 1825 — 1830.)
Higher Polytechnical College, 2013, 20(6): 7—11. . . .

NN s ok e 1 e b 1 s e an [35] LI Jun. A leading cascade control method and device. China Patent,
IR, 2T BPAEE A PID S B0 B S R ST 2. 2018: CN1087§2924A Guangzhou: Guangdong Power Grid Co
HHTMEBE 4R, 2013, 20(6): 7 11.) L. ' ' ’

[25] YANG Zhi, CHEN Ying. Improved particle swarm optimization and CEZE . — Fh M A7 H g 45 1) 5 i AN 23 B b [ % R, 2018: CN10
its application in PID tuning. Control Engineering of China, 2016, 8732924A. 7 IM: AR HMAG PR AT AF])
23(2): 161 — 166. . . .

) ) . [36] JING Changcai. Scheme analysis and suggestion for water level con-
20 /\Uﬁ Sy B = ] =1 A ¥ R {=] i N

(P8, L. OB T BESR ML EEPID R ORI, ] TR, trol of shaft seal heater in 1000 MW unit. Power Station Auxiliary
2016, 23(2): 161166 Equipment, 2017, 38(2): 39 — 40.

[26] XU Chuanjing, ZHAO Min, LI Tianming. Research on PID parame- K. 1000 MW HLZE At B g /K A2 il (0 77 224040 L 8. |,
ter genetic tuning based on an improved algorithm. Computer Tech- ¥hAHHL, 2017, 38(2): 39 —40.)
n/ology and Development, 2016’\2§S): ,}; . 15. A e [37] WANG Rui, LIU Jinkun. Trajectory tracking control of quadrotor
({’%@ﬁli)‘(ﬁ?’ R, AR A SR PID SRR E VL. i UAV based on high-gain observer. Flight Dynamics, 2017, 35(1): 39
HHBASKRE, 2016, 2609): 12 - 15.) 0

[27] NIU Zhigang, Zhang Jianmin. Vibration restraint for real-axes ser- CEBG, XEHE. T =3 2 W8 1) DU e 3 T8 AL BR RS2 ). 6
vo motor of parallel kinematics mechanism. China Mechanical Engi- 17715, 2017, 35(1): 39 —42)
neering, 2005, 16(23)5 2076; 2079. B . [38] LI Jun, WAN Wenjun, WANG Yuechao. Research and application of
(SR, SRR R IR Sl IR AL IR B AR LT a new type of linear second-order filter. Control Theory & Applica-
72, 2005, 16(23): 2076 - 2079.) tions. 2017, 34(3): 312 - 320.

[28] LI Jun, WAN Wenjun, HU Kangtao. A new method for extraction of (B, T, TRl — iR 2t B i i S5 R . 45
process differential signal based on single-frequency-pass filter. Acta HEIR 5N, 2017, 34(3): 312 -320.)
Automatica Sinica, 2017, 43(3): 478 — 486.
(B2, JSC, IR, — T mUs s s M 5 5 4RI . Y T A

(29]

(30]

EIEL2ER, 2017, 43(3): 478 — 486.)

LI Jun, ZHU Yaqing, CHEN Wen, et al. Research and application of
a new type of sinusoid tracking differentiator. Control Theory & Ap-
plications, 2016, 33(9): 1182 — 1192.

(BE, RWIE, BROC, 5. — TPl By IE sZERER o 2 I 7 5 R
PG R, 2016, 33(9): 1182 -1192.)

JIANG Liangliang, JIANG Hong, ZENG Min. MSV demodulation
method based on chaos duffing oscillator for BPSK signal. Process
Automation Instrumentation, 2018, 39(2): 45 — 49.

(55, TLUT, ¥ 1. 2 TR DuffingdR T-UBPSKAE 5 35 77 ti fi#
7. FAEMGR, 2018, 39(2): 45 - 49.)

2 F LR, N E AL 6] S SR IR B T AR,

E-mail: lijun_87389@163.com;

HIS HRPEE TR, TR R B s R4

HIFF R8T, E-mail: h-w-j@163.com;

FXE SRR, EE AR 77 T A g A

W TAE, E-mail: tansthin@163.com;

X AR, ERNFCR R T R AT

5t A, E-mail: liuzheyoungman@ 163.com.



