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Feedback adaptive rate parameters optimization of full-order state observer

SHEN Fenglong'?, MAN Yongkui®, WANG Jianhui*, BIAN Chunyuan®
(1.College of Mechatronic Engineering, Eastern Liaoning University, Dandong 118003, China;
2.College of Information Science and Engineering, Northeastern University, Shenyang 110004, China)

Abstract: It is difficult to find the optimal solution in existing design of feedback adaptive rate PI
parameters of full-order state observer, a feedback adaptive rate PI parameter optimization algorithm of
full-order state observer based on improved particle swarm optimization algorithm was proposed. Firstly,
according to frequency domain design method, design criterion of the feedback adaptive rate parameters
and the main factors affecting parameter design were given. Then several sets of parameter values designed
and encoded by the design criterion were mixed into the random initial population to increase the number of
fine individuals in the initial population, so as to improve convergence speed and search efficiency. Finally,
the optimal value of PI parameters was obtained by coding, initializing population and parameter setting,
fitness evaluating and updating particle velocity and location. The experimental results show that the speed
estimation accuracy of PI parameters obtained by the optimization algorithm is obviously better than that of
the traditional trial method when the slope is given 0.2 pu and 0.6 pu rotational speed, regardless of
no-load startup or load operation, and the accuracy can meet requirements of technical indexes of mine-used

hoist.
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Fig. 1 Principle of full-order state observer
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3 KWK

AR 20 PT S 50RE 52 i L 15 2] PI
SR B R T AR B R G AT SR UK 58 T
AL B B A e RS M . S A JF O
R f,=3 kHz . HIi LB E Uy, =600 VB H
BHLR = M08 % 42 07 5 SR B B U A B HLAE R £
o A3 BRI A SCHRE R AR AR SV AR B PT S 4k
FASCE 1A 2 5 PT 2450 5 290 48 2 805 i
B, DATE Bk o) R A7 i Al B S 06, S 25 R
WME A7 fiws, B4 dgon B sl as 208 3.
0 B Z e S RHE 245 78 0.2 pus 1 s ZJ5 I8 HL B L A%
HRRE . M 4 AT R AR SCHE S P AR ST A AR
) 119 B IO FEL Bl AL 1 A B3 2 il sl A R M B 4 Tl
AT EAS B WA B L IR 22 4 0 1.5 r/min, i i
BT EARMAMEEIRZEA R 7.5 r/min, Y55 H
Fa g 5 » 45 TN FL BhHLIN 28 0. 2 pu AY 7 3%, SR AL
SIPLI A B B 5 frs . BB S al g, F A
SCHE 1 P A0S A5 B 114 8RN H sh I ) A R

3 4 5 6
Fi 8] /s

Ca) DAL S A 50 i i 2

o 1 2 3 4 5 6
B 1A /s
(b) 23 2 0l 55 4 O
4 RN 0.2 pu zS U8 S 2 FhEETE Y
il 330 5 T T
Fig. 4 Estimation speed waveform of the two algorithms of

induction motor with 0. 2 pu reference speed when

no-load startup

=
é‘ O.ZV\—\f“&’
iﬁf 0.1 . . . . . .

4 5 6

3
B 1) /s
Ca) Ak 5 1 A 53 7 il ke T

5 0.3
202 A
M“V\ e
#® . . . . ,
0 1 2 3 4 5 6
B8] /s

(b) T2 A 3 e el T
B 5 RS EEHHLN 0. 2 pu fadkmt 2 ML
fiti e P
Fig. 5 Estimation speed waveform of the two algorithms of

induction motor with 0. 2 pu load

0.8
Z o6
pic] 0.4F
02
0 1 2 3 4 5 6
] /s

Ca) DAL SR A 50 i i T2

o 1 2 3 4 5 6
B 1A /s
() g2 2 A 3 4 Y
6 ZAEFHN 0.6 pu SRR SIS 2 M
il 35 S B
Fig. 6 Estimation speed waveform of the two algorithms of

induction motor with 0. 6 pu reference speed

when no-load startup
WER ST TS bR G L, TR 222058 2.5 1/ min, F
B T AT B AL S R 2R R



« 70 - IH 8 ;M 2018 % 44 %
- 82 Intelligent  Control and  Automation, 2000
o U
=) 8% 3082-3086.
# O N . ) S R e
: . . y : y (3] skikE B4y, skEE . 4. BT 2B L& =

3
B A)/s
Ca) Ak 50 12 A B3 T s g O

0.8
0.6, ~—
0.4
0.2

0 1 2 4 5 6

%38 /pu

3
B A /s
(b) I8 1 Al J e L 2
B 7 S EFIHLIN 0. 6 pu fEkET 2 P BR
fiti 5 OB
Fig.7 Estimation speed waveform of the two algorithms of

induction motor with 0. 6 pu load

15 r/min, K458 5 BIG N E] 0. 6 pu, &l 6.1& 7 43
500 Ry RN F B AL 5 3 Bh AR 2 1B AT R A 0. 2 pu
T 2 2 PT S50 X 0y 09 A 330 5 B OE o R FH AR
SCHE B AL BB TS B0 PT S B0, %k B 22
RN, 2SR 2228 3 r/min, 71 35 B iR 22 24 R
15 r/min, MA 08 22050 PL 240t 5% 3l A
B2 IR, A5 AR R AR R 22 2978 10 1/ min, 71 2
A1 22 2928 45 r/min,

4 s

(1) 2 o bR 7 3 3095 09 S i3t A O B R Pl
SHARACT LR AR T IR R ALRE Ty S T
SR AW & 515t A 3 N R PSR s it .
LI E R AL PT 24,

(2) HiEd B A3 2 /Y PT 2 BOM% 4t ik
BEIEARR PTZRON T 5 T 2 BiopR 24 0 &5 /9 e
AL ARG H A B A R A SRS R R
N 0.2,0.6 pu B, ToIE =S #UH 3 J2 11 3K
IBAT RJUPEAC T AT B 19 PT 2 kA7 3 B Al )
W8 4y A% e ik 07 vk L RE B 0l L A S T AL
(B B 2R L BT - 32 T ML BE 6 15 1z A 45 1)
EEZ S

£ % 3Lk (References) :

[1] QU Zengcai, HINKKANEN M. Gain scheduling of a

full-order observer for sensorless induction motor

drives [ J ]. IEEE Transactions on Industry
Application, 2014, 50(6) :3834-3845.
[ 2] SUN Xiaohui, HAN Zengjin. Model reference

adaptive identification of induction motor parameters

[ C]//Proceeding of the 3rd World Congress on

[4]

[5]

[6]

L7]

£8]

-3 7 4% S 2D B ML G R AR R SR e R R g ).
HLT 4% R 254, 2008,23(11) ;34-40.

ZHANG Yongchang, ZHAO Zhengming, ZHANG
Yingchao, et al. Sensorless vector control system of
induction motor fed by three-level inverter using a full
LIl China
Electrotechnical Society, 2008,23(11) ;34-40.
HRSCHE AN LR 5. BT A 3E A Boul i #% 1
T AL R i as AT R e e LT ). A EOR
2014,29(3):196-205.

SONG Wenxiang, ZHOU Jie, ZHU Hongzhi, et al .

order observer Transactions  of

Regenerating-mode stabilization of induction motors
LT
Transactions of China Electrotechnical Society, 2014,
29(3):196-205.

B OT LRI B R E L . T HERREASE [
JO7 WL 5 09 JC B A% A = AR A B TR 25 B L ARE Y T
WG ) L) ], 5 il e 5 W A, 2015,32(2):
150-161.

TENG Qingfang, BAI Jianyong, ZHU Jianguo,et al.

based on adaptive full-order observer

Sensorless model predictive torque control using

sliding-mode model reference adaptive system
observer for permanent magnet synchronous motor
drive systems[J]. Control Theory & Applications,
2015,32(2) :150-161.

i T R TR MG S — b T S A ML G R
A A AR T ¥ 3 N RO s (). F ML o 2
% ,2017,21(4) :8-16.

GAO Yanxia, CHEN Jing, FAN Yingpeng, et al.
Adaptive sliding mode observer based sensorless
control system of induction motor [ J]. Electric
Machines and Control,2017,21(4) .8-16.
KKK B B AR BT A8 ) 2% o O R A RO H
I TG 3 B A2 SRR A0 2 9300 e 4 I L) . ol AR 2
#2,2017,32(3):97-104.

ZHANG Hu, ZHANG Yongchang, XIA Bo, et al.
Speed sensorless model predictive flux control of
vector

China

induction motor drives based on

LT 1
Electrotechnical Society, 2017,32(3):97-104.
Blam, W, EW. % R TERMEEREN
PMSM % 3 WL 4R 25 A 38 1% 22 4 ikl ek L) ). W T
AR, 2017,32(17) :189-198.

NI Qinan, YANG Ming, DONG Xiang, et al. State

space

modulation Transactions of



2018 4 % 10 9

TR RS AR S 8 R

BB iE R AR EA . 71 .

£9]

[10]

[11]

suppression for PMSM speed

Hall

estimation error

observer based on position sensor [ ] .
Transactions of China Electrotechnical Society, 2017,
32(17):189-198.

FER IR B2k, FET 2 PR LI 2% 1 B 4%
1 LI f R SRR AE 4 2 BB IR LT DL b [ s ML L AR 2
#%,2017,37(20) :6101-6108.

WANG Huimin, ZHANG Ying. GE Xinglai. On-line
parameter identification of linear induction motor
magnetizing inductance based on full-order observer
[J]. Proceedings of the CSEE, 2017, 37 (20);
6101-6108.

FHEN L IRAERS AL L . BT IR NS W A
JO7 XL g 1 N PR LA P RE LT . L TR R A
2016,31(20):111-121.

YIN Zhonggang, ZHANG Yanqing, DU Chao, et al.
Low-speed performance of sensorless vector control
for induction motor based on two-parameter identified

Transactions of

2016, 31 (20):

adaptive full-order observer [ ] .
China Electrotechnical
111-121.
SR E AR XA S AR MK ) = AR N i LR
GREENEEMRS S o] B TR ARER,
2010,25(9) :47-55.

GUO Yunjun, WANG Dong.

Society,

LIU Dezhi, et al.

Mathematical deduction and stability analysis of

inverter-fed three-phase induction motor drive system

[12]

[13]

[14]

[15]

[J]. Transactions of China Electrotechnical Society,
2010,25(9) :47-55.

SR IR A, XM L S SR L ML 4 B 0 5
B B HC A2 o 1 RE 6 Lo A LT 1. W ALl 2 e
2016,20(4) :78-83.

WU Wenjin, SU Jianhui, LTU Peng. et al. Design of
full-order flux observer and comparison analysis for
its control performance[]J]. Electric Machines and
Control, 2016.20(4) :78-83.

MR TRV DRI, S 32 U RO L R G PT 4
il RSBk Jr kL] FEH TR, 2016,23(6)
613-618.

XIAO Renxin, ZHANG Haiyang. CHEN Zheng.

et al. Series PI control and parameter tuning for AC
induction motor[ J]. Control Engineering of China,
2016,23(6):613-618.

KUBOTA H, MATSUSE K, NAKMO T. DSP-
based speed adaptive flux observer of induction motor
[rl.
1993,29(2) . 344-348.
SUWANKAWIN S,

IEEE Transactions on Industry Applications,

SANGWONGWANICH  S.
Design strategy of an adaptive full-order observer for
speed-sensorless induction motor drives-tracking
performance and stabilization[ J]. IEEE Transactions

on Industrial Electronics, 2006,53(1):96-119.



