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Plant/ controller co-design of motor driving systems based on finite-time filtering control
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ABSTRACT Recently, motor driving systems have been widely applied in the military and industries. Load tracking control is one of
the commonly considered issues in such systems. In this study, a plant/controller co-design based on finite-time control was developed
for the motor driving system. A finite-time convergent controller was also presented to address the tracking problem in the motor driving
system. Because the system state was unknown, a filter was developed to estimate the velocity of the load. The overall system, inclu-
ding the tracking controller and filter, is proven to be finite-time stable. Hence, the upper bound of the convergence time can be deter-
mined. To enhance the control performance of the motor driving system, the coupling between plant and controller is considered and a
co-design scheme was developed for the motor driving system. First, a combined performance index, which could indicate the largest
load with satisfactory control performance, was established. Both the plant and controller parameters were considered in the developed
performance index to simultaneously optimize the plant and controller. Through this optimization, the system-level optimality can be de-
termined and a better control performance can be achieved. Moreover, a nested optimization strategy was adopted to simplify the co-de-
sign scheme and an adaptive cuckoo search algorithm was used to achieve the co-design result. Through the nested optimization
scheme, the controller parameter is optimized in the inner loop and the plant parameter can be optimized in the outer loop. The cuckoo
search algorithm exhibits a superior performance because it has fewer parameters that need to be tuned than most existing algorithms.
Hence, the co-design problem can be simplified and resolved reliably using the proposed method. Contrastive simulation results indi-

cates the efficacy of the proposed method.
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Fig.1 Block diagram of the motor driving system
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Table 1 System parameters of the motor driving system
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Fig.2 Tracking performance of the motor driving system

(I
-
B
fausi
[y

0.5
OF >
jf'

05 _; 02
Z g ooar L ST T e
E GIEN e BRI T B2
S 1 S N — AEER R
pa P 0y
i -1.50 2 _gof
e
= 0T e

-2.0 e

-2.5

3.0 ! I 1 1 1

0 5 10 15 20 25 30
B [} /s
B3 ALK E R R R 2
Fig.3 Tracking error of the motor driving system

9

8 - BERAI IR IR 5 A

7} — FOERHISA

of
T s
< 40
< 3
8 i
= 20
= |
&t

0_

1t

-2r ") I I | .

0 b} 10 15 20 25 30
I [a)/s

4 HHLEKE) R G H A

Fig.4 Control input of the motor driving system

MR AR AR LU Y AR SCRT B A R
R T A RE A8 UK 5l T AR BR BRI R (R 5. TR MR 2

rad W ZES T, I KIRESRZEAHET 0. 1vad. A
PE— PR UEA SCR TR ] 4R PERE , B W IR IR 22
3rad, [FEEARAER 2 ~4 gy 5 EE5 R ]
DLV TR R R IR IR ZE I 2R AR SO iR
P A RE S PR IE R HLBR 3l R 48 R 4 i 42 i M e
PRERIRZETE 0. 1 rad AN, BRI, A SCIR TR AT BRI
[F1) 08 B A2 1 e BRI 1 ik e L AL BIK 5l 28 8 1) R Bt
A il 17 L.

B UEAR SO 4 H — AR BT O R A R,
WLy, =5 rad S HAE5, WE AR L5 S5
Jo WP EEERNE 5 R,

6

Il
3 — o
ﬁ — J;=1.10 kg-m?
= 3H — J =041 kg-m?
ﬁ
)

1

0

0 1 2 3 4 5 6 7 8 o 10
iR ENE
Bl 5 SKEhATR SRR PR RE LA
Fig.5 Tracking performance of the motor driving system with differ-

ent plant parameters

MBS sl I Bo3e 5 38000 R/ 2 B AR
G RIVERE. SR — BT 2 Y T 2 RE RS 3R
PRI R PEHOR . T BOH: A A 2548 2 R 2 iR
R e, N ECR EERIERE TR &
WA, AT R SR IKShRE Sy, B AR 9K 5)
RGBT, P RE 2 52 2R

4 #ig

A ERTHHALIR S R SRR HITERE, 5 T 45
P 2 1A AR 73 TR, 1 25 A BRI [A] 38 35
PE R Ak /P — BT k. B, R
BB Bl 28 G0 A BRI 2 1 T, et 1A BRI [ 1 95
Pl de. PR BT S AR BES AR AT R G b s
JEEAR SR [R) IR 58 AT BRI 9] B R 2 ). RS, 25 0
LIRS R RIPERE ™ HE M B T 4 A/ 45
— BT k. PR A — A RESE bR BE IS 711
AEPERIPERE R B[R] I, DL AT 21 28 48 B e 9K 3 )
R, TR T 16 RS PERE. N E T —
PRAL IR A, A 30T | AL, (45— 1k
BT AP B ORGSR S 2R LA, e It 2
ilf L, E o A B A A SRR AR A B T —



- 1200 -

TRl 5 41 5,559

R AL . D5 HAE R BT P th ok i A

igia
% X

&

=z

(1]

(2]

(3]

(4]

(5]

(6]

(7]

(8]

(9]

[10]

Wang Y S, Wang Y B. A gradient-based approach for optimal
plant controller co-design // 2015 American Control Conference
(ACC). Chicago, 2015 3249

Li S L, Huang J, Duan B Y. Integrated design of structure and
control for radar antenna servo-mechanism. J Mech Eng, 2010, 46
(19): 140

(FF=, |mik, B5s. R KRR RS E 54
AR IBHTITSE. HLBCTAR2A40, 2010, 46(19) : 140)

Zhu HY, Pang C K, Teo T J. Integrated servo-mechanical design
of a fine stage for a coarse/fine dual-stage positioning system.
IEEE/ASME Trans Mechatron, 2016, 21(1) : 329

Wang H H. Integrated Structure and Control Design of Radar Servo
System [ Dissertation]. Xi’an: Xidian University, 2008

(FHFLL. 5k R R G n a5 M/ — R Bt [ 2 e
3] P9 PR RHORYE, 2008)

O’Neal G P, Pasek Z J, Min B K, et al. Integrated structure/con-
trol design of micropositioner for boring bar tool insert // Smart
Structures and Materials 2000 ; Smart Structures and Integrated
Systems. Newport Beach, 2000 560
Zhang Y Q, Yang D W, Li S L. An integrated control and struc-
tural design approach for mesh reflector deployable space anten-
nas. Mechatronics, 2016, 35, 71

Cui L L, Gao L X, Zhang J Y, et al. Integrated structure and
control design for flexible manipulator system. J Betjing Univ Tech-
nol, 2007, 33(8) : 791

(FERSTH, M, SKRET, 5. FEPEAURE 45 1 4 il — ik
Bt JER{ Tl R 272441, 2007, 33(8) - 791)

Zhai J J, Zhao G Z, Shang L Y. Integrated design optimization of
structural size and control system of piezoelectric curved shells with
respect to sound radiation. Struct Multidisciplinary Optimization,
2017, 56(6) : 1287

Shirazi F A, Grigoriadis K M, Viassolo D. Wind turbine integrat-
ed structural and LPV control design for improved closed-loop per-
formance. Int J Control, 2012, 85(8) : 1178

Fathy H K, Reyer J A, Papalambros P Y, et al. On the coupling

(1]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

between the plant and controller optimization problems // Pro-
ceedings of the 2001 American Control Conference ( Cat. No.
01CH37148). Arlington, 2001 : 1864

Lu X J, Huang M H. Nonlinear-measurement-based integrated
robust design and control for manufacturing system. IEEE Trans
Ind Electron, 2013, 60(7) ; 2711

Kara B'Y, Verter V. Designing a road network for hazardous ma-
terials transportation. Transp Sci, 2004, 38(2) . 188

Xian K C, Huang H. Integrated structural and control design for
piezoelectric adaptive truss. J Astron, 2008, 29(1): 72
ORZERK, BOiE. JRHL A S W TR S5 A P il — e it 7
fii 4%, 2008, 29(1) ; 72)

Alyaqout S F, Papalambros P Y, Ulsoy A G. Combined robust
design and robust control of an electric DC motor. IEEE/ASME
Trans Mechatron, 2011, 16(3) : 574

Zhao Y, Duan Z S, Wen G H, et al. Distributed finite-time
tracking control for multi-agent systems: an observer-based ap-
proach. Syst Control Lett, 2013, 62(1) ; 22

Hong Y G, Wang J K, Cheng D Z. Adaptive finite-time control
of nonlinear systems with parametric uncertainty. IEEE Trans Au-
tom Control, 2006, 51(5) : 858

Zou A M, Kumar K D, Hou Z G, et al. Finite-time attitude
tracking control for spacecraft using terminal sliding mode and
Chebyshev neural network. IEEE Trans Syst Man Cybern Part B
Cybern, 2011, 41(4) : 950

Jiao X H, Zhang J Y, Shen T L. An adaptive servo control strat-
egy for automotive electronic throttle and experimental validation.
IEEE Trans Ind Electron, 2014, 61(11) : 6275

Bhat S P, Bernstein D S. Lyapunov analysis of finite-time differ-
ential equations // Proceedings of 1995 American Control Confer-
ence-ACC95. Seattle, 1995 1831

Liu X N, Ma M. Application of cuckoo search algorithm in multi-
threshold image segmentation. Comput Eng, 2013, 39(7) . 274
(MIHTIE, Thf. A S48 R AL £ B (A B oy #) b 4
FH. HEALTAE, 2013, 39(7) ; 274)

Lan S F, Liu S. Overview of research on Cuckoo search algo-
rithm. Comput Eng Des, 2015, 36(4) . 1063

(20, XTE A SEREEMRLGR. TR IRYS
il 2015, 36(4) : 1063)



