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Precision Speed Control of PMSM Using Neural Network Disturbance Observer
and Parameter Compensator

R E -%F B %"
(Jong-Sun Ko - Yong-Jae Lee)

Abstract - This paper presents neural load disturbance observer that used to deadbeat load torque observer and
regulation of the compensation gain by parameter estimator. As a result, the response of PMSM follows that of the
nominal plant. The load torque compensation method is compose of a neural deadbeat observer. To reduce of the noise
effect, the post-filter, which is implemented by MA process, is proposed. The parameter compensator with RLSM
(recursive least square method) parameter estimator is suggested to increase the performance of the load torque observer
and main controller. The proposed estimator is combined with a high performance neural torque observer to resolve the
problems. As a result, the proposed control system becomes a robust and precise system against the load torque and the
parameter variation. A stability and usefulness, through the verified computer simulation and experiment, are shown in
this paper.
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slAH A A HAL 001 Alolm, MEH F7] TsE 02
[ mslelth, Qale B8 =29/ REgdo] gl 715 9
4 (weighting matrix)< Q=diag{1 3000], R=12 €34
H# oS e Told k=[0.0763 6180211 =™, Dead
beat #&7} ©]5 L=[16703 -0.0549]°] ®r} ARZH BAE
A8 A1 gAd dugFe FEHEES 055012 AEH ]
AqAE 3 HEH F7] 5o 39 ¥E gHS JFEF
st a AFdAE AEY AUNY =2 Aoz s
overflow EAZ 2¥ 9 W& 4 5ty WY 3WE T3
g 5 ged f% AEHA Ao HEE A= Agd
t}.

a9 5% B RIHE ol4F A W diE AEd o
A Adoltt 29 5 (a)x A4 BEIE ZE Ay &
goz AN A LXE Bo] AAFHoY, AU A7)
9 ¥ 5 (hE °EY o B2 %S BYE ¢ F Utk
a3y 2y 63 Zol 2 Kstel #A Kt o3 3
Hstel gdavy HIE e ALE 9F FE2UE R E
Aol71e] $E ¥ 6 ()& ‘?l-fv_: EH AFZ A7 &
ol w3 Addee] 2471 2 71¢] Ao FLR
A A= &7 s AT . Alrd Aoy
9] g9<l 198 6 (e IF T st #AA3 A
Hooer 29 6 (BT 9 dAEYE & F

te&o| o otato|s] Ha7|E ol 88 PMSM2| HU KA O]

ay 5

Fig. 5

a8 6

Fig. 6

Trans. KIEE. Vol. 518, No. 10, OCT. 2002

Spoca

i~
i- ‘
AN v
Zo N\

o Tinaolasal 3

[-_I

(a) 2gt BEI|8 s Ho7)
(a) using disturbance observer algorithm

Spesda

10

i —

-10

—a.s
< Thirme(aec] 22

(b) AletH Ao}7]

(b) proposed algorithm
oty Hstoll ohigt MKl £, gt MR/ HdH 9
FH 2stel AZaolM &3t
Simulation results of the rotor speed, q phase current
command and estimate load with a bar load.

Speca

10

(——"-—-’—‘—*——1
i S

1o
i

EOW#%

Timelsec] L3

(a) 9§ BZ7|& 2= Aol7]
(a) using disturbance observer algorithm

Speed

I-  —

-2 ==

To //\ / \ f/\l e SO
=7 7 =7 I ~

o [\ N, PN Y s
. ~7 N

1 Firaataea) 2z

(b) ™ ot H o7
(b) proposed algorithm
atey Hstel A 23to| it

ot HE ¥y o 33 gl

sMxte &E,
Algajold Zx
Simulation results of the rotor speed, q phase current
command and estimate load with a bar load and
inertia load.

577



BRBEFRAE 51B% 105 2002F 108

(a) 22t #&7|8 2= Ho7|
(a) using disturbance observer algorithm
= =

(b) A gt Hof2|
(b) proposed algorithm
ag 7 4of Hoboll tist NS 2, g HNF HE ¥
gate| MY Z3
Fig. 7 Experiment results of the rotor speed, q phase current
command and estimate load with a bar load.

= =)
, ’MNN\
= =t

(a) 242t HEJ|E 2= Hof2]

(a) using disturbance observer algorithm
E L]
{.} \

3
o -

o A P T N N

L8 S . P A

(b) HetE Hofz]
(b) proposed algorithm
a3 8 ¢ Poiet M Fstof hE MR £E,
qat M& Wy 9 =™ Roiol AE AN
Fig. 8 Experiment results of the rotor speed, q phase current
command and estimate load with a bar load and

inertia load.

578

oY 72 g F5hE ol &3 oA wstd did 4¥ A
oltk. 29l 59 R A Zo] 1Y 7 W FHE B
#z7)9 HPue BANE e Aorle 18 7 (% o
27 %L &9 54€ /KM 20 o dAE 3H 5A4E
A& & 5 Ak 1Y 82 BA Hate) vt R g BF
o] g3 9@} setule] Wsale] Wi A4 Aot a9 6
o] Bojagy Zo] 4 #Z/|WE o] &F HFHA 29 8
(@ 9 ¥ g 439 234 238 7 (% Hlﬂﬁ}‘?i
A F3E7E g EHE WA RE JAHez o g2 2

werdl &% $we] wel 99E U + A 9@
shehvie 54718 ol§3m oW BAHE 0RE
we dZstel washd ool o8 A
U 5 vk Add Aoz 1Y 8 (e 1A
Fotel ©% 29 $° 54 sl gtk

ol HQl A ABeolast 4o HGol FUstelok 3
Auk AA AGelH AFACY wol=, SE AN wo]=
2 WAE o Sol AsW Sudl FE ok 19 6%

3

:{o

gl &= ¥R E9AYY exE 1 Byl FYaA
e 2 W4E @ wolx god, of eAE A Axd
o mhg A%, AW BE AS, RS JES 227 BEol

NEHo|do ud Tat: JMW L= %%OIE}. Iy o
2 63 8ol A9} 75‘01 Z7o] £x9 Wdo] B RE Eo
mu* & vebygh

E 25 Agd LduySy & A2dsSe oy Raie
gy} B3 D w4 Fstol g 7ol ABHoldu Ao
A AR 59 dolEE BAslo Zze £% 938 v
AL Aotk AF AdM sE dmelZe W& A%
gngZelN Hi 27rad/seclold a7k 724" Ae &
F otk o WE AMorlz FEtE o2yt 7'}11 Ao} 7}
158 Aoz Alndh

= 2 J|&
(speed error : peak to peak [rad/sec])

Table 2 The efficiency comparison of the proposed
system with conventional system

A AR M obE AfARIDtO] M Bl

=3 gzl 24y Ad
N L 1.99 6.2
R e Ae | o 27
Re EERCE AT #37 2.58 79
VAR | gora Aoz | 036 29




speed
10
B
17
0 |
[ — 2[sec]

(a) 22t &7 2t mielnje & EA7| e X o7
(a) using disturbance observer and parameter
compensator algorithm,

speed
10 7
1%
a |

—6 i 2isec] |

(b) H ot Moz
(b) proposed algorithm

a3 9 oo Fotoll st MRS £xo AH A
Fig. 9 Experiment results of the rotor speed

speed
10 |
R
0
—b 2[sec] |

(@) 212t 2tE7(e} mlelo|g & 24a7| e M o7
(a) using disturbance observer and parameter
compensator algorithm

speed
10 ]
0

| m—1 1] i 2[sec]|

a8 10 9oy fsiet M F5to) o st
ig- 10 Experiment results of the rotor speed with a bar load

(b) Mokl X oi7|
(b) proposed algorithm
ZTo] Mg Hu

and inertia load.

% o2t ET(9} malole HYT|E 0|8 PMSMel HULTHOf

with a bar load.

Trans. KIEE. Vol. 51B, No. 10, OCT. 2002

g 99 102 Htg) Rakek v R 9 #

Az £xo i3t A Az 23 RES g Aol
71E9 T #FZ7)o FHEvEHE BAAYZ BF Ho A
el gg Fo ARE vustch Agd FuFo @
7 setvle] "Wt oS AAd Aolst €& & & Utk
o9 9 g el dist AF Aot 19 10 U R &
#4 Rt dF AY 2 25T Add A7 J1E A
o718t} rising timed {AFSAIT B4 2271 ©
A& ¢ F A ¥ 11 Hd Fa 2 #B4d Fae i
A ARl e AT Tgg5g T3 #F79 Ax BY
o A% £ o] e VA wol AAFHYH.

583 B

[}

=< 98 #457], Jevyg 237 R A
o] g3 sj@n vy Hste] FAF &=
AASAT Add @dnFS AEH)AT dHE
‘3}01 sjgst sl wiste] AU LAt & B

NE Nxdd 45 Musd 9% $548 S48 v

flo iz
o [

3R off oE ox

23
KN
=

mZ_?é
to o © o

LH 9es BYY IdF BEI)E o] L3 AAES wE
A BAE Pt BE oS¢ 2= UEHE 9 B3]
E A A% ol Be AE A8 FLE FEH:
ddol %}*gt&c}. o]Z 98 B=7] Fge] MA(Moving

average) 281 & Z=F oto] FEe FFE FRGEF g
o] Wt ZAFE BAG 23y, FehvH W3l
gFA BZ57e He A AH AFIE EHE 7
Aot & setvle wisteh do] £ AE AT dis
o #Eg BAS e 9FEE JHAth ol @ dvE W
stz A% #F7)e AES $F 54, AvE wyrlE
o]&3ste] AA| A|2¥o] nominal golA FH}=F 3hch
JJra}ﬂlEi w71l s F Aol el AF Aojre
AF FE719 AHo|5 o7 JT ¥WEE £d 4 Uk
=g Jlra}ulﬁi B4719] RLSM #etvE] AL g o
ate] A gE FAsE vHol ot P BEIE ¥
Fees FozA e JdFE AAINEE Ao 29
A og #3715 FevuEe] WstE 248 U AR Ax
gl o@dg RASEE st gk o] 9T BEr)9
gElulg BAZIR ojFojd 7|E ANaAHE Ay dngE
g ol & NATog AP By D HA A2KS de5et
o @3 setelE WIE AANICR F oo AU 2
e d1gFE HF ALSHAS. AD AE ANEEY
o] Mz} TMS320C31¢] DSPE o843 HAge=m oz izt
e @ 9% o 74Ag FAA s g8 BA

arel 2
A2 Aol date] 7z
g 2 +9921 20024 A% =
14 +BY AR EE 00-036).

[o)

LrJ

579



BREBE&HEE 51BL 10% 2002F 108

ita]

o g ¢

[1] D. W. Novotny and R. D. Lorentz “Introduction to
field orientation and high performance AC drives”
IEEE-IAS Tutorial Course, 1986

[21 P. C. Krause,
McGraw-Hill, 1984

[3] K. J. Astrom and B. Wittenmark Computer controlled
system, Prentice Hall, International, 1997

[4] J. S. Ko, J. H. Lee, S. k. Chung, and M. J. Youn “A
Robust Position Control of Brushless DC motor with
Dead Beat Load Torque Observer” IEEE Transaction
on Industrial Electronics, vol. 40, no. 5, pp. 512-520,
1993

[5] C. T. Chen, Linear System Theory and Design, Holt,
Rinehart and Winston, Inc., 1984

[6] C. Y. Huang, T. C. Chen, C. L. Huang “Robust
Control of Induction Motor with A Neural-Network
Load Torque and A Neural-Network
Identification” IEEE  Transaction on Industrial
Electronics, vol. 46, no. 5, pp 990-998, 1999

[71 J. D. Landau, System Identification and Control
Design. Englewood Cliffs, NJ, Prentice-Hall, 1990

[81 G. C. Goodwin, K. S. Sin,

Analysis of electric machinery,

Estimator

Adaptive Filtering

Prediction and Control. Englewood Cliffs, NJ,
Prentice-Hall, 1984
[9] Hornick K., Stinchcombe M., and White H,

“Multi-layer Feedforward Networks are Universal
Approximators”, Neural Networks, Vol. 2, 1989

[10] Chen, F. “Back-Propagation Neural Networks for

Self-Tuning Adaptive IEEE
Control System Magazine, April, 1990.

[11] Jong Sun Ko and Myung Joong Youn, “Robust Digital
Position Control of BLDD Motors using Neural
Network with State Feedback”, Proc. of the 3rd.
International Workshop on Advanced Motion Control,

pp. 852-861, March, 1994.

Nonlinear Control”,

2
2
F

7

il

il

HdE R E

19603 3¢ 209 4. 1984 Mo H7]F3
I £, #nArIed AVl € AR
7 AAL1989) E BFAH(1994) FHE. 1983d ~
19959 A AR A7 Ie4dH A9 A7
19959 ~1996d AL E A4 G71ed A
W ma(FA). 19993d ~200083 1¥€ o=
Tennessee FHW(UT), WENS. 19963 ~d A dFdistn
A7 AT Zug,

Tel : 063-850-6713, Fax : 063-850-6713

Email : jsko@wonkwang.ac.kr

ol & AM(FE 5 P)

197534 99 1694, 2001 YFh I A7)
TR F4. 20019 ~FEA 5 g AT
3 HAFE 2 ANz AT AAHA.
Tel : 063-850-6713, Fax : 063-850-6713
Email . yj@wonkwang.ac kr



