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Abstract: To overcome the adverse effect of complicated resonant vibration resulting from the OE-ra-
dar integrative measuring system on a servo unit, a hybrid compensating method combined an adaptive
notch filter and the feedback of observer filtering was proposed to restrain the resonant vibration .
Firstly, the resonant characteristics of the system were analyzed according to the mechanical structure
and tested frequency properties. It indicates that there are three kinds of primary resonant modes in
the system, which is the radar antenna resonance, radar cabin resonance and the antenna high-order
and bearing coupling resonance. The rule of resonant characteristics varying with an elevation angle
was also obtained. Then, a compensating method to the complicated resonant vibration was dis-
cussed. The adaptive notch filter in series was applied to compensation of the radar antenna resonance
and the radar cabin resonance, and the feedback of the Kalman observer filtering was used to restrain

the antenna high-order and bearing coupling resonance. Experimental results indicate that all kinds of
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resonances are restrained effectively by the hybrid compensating method, the velocity close-loop band-

width of servo unit is up to 115 rad/s, and the transient time of step response is 0. 35 s. The method

proposed can satisfy the system requirements for high bandwidth and stabilization.

Key words: OE-radar integrative system; resonant compensation; notch filter; Kalman observer
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Fig. 1  Structure of OE-radar integrative measuring

system
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Tab.1 Testing results of radar antenna resonance
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Tab. 2 Testing results of radar cabin resonance
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Fig. 4 Principle diagram of hybrid resonant compensation
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Tab. 3 State-parameters of Kalman observer
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Fig. 6 Step responses of velocity close-loop system

T
-:‘:E 0.5

N

0 100 200 300 400 500
w/Hz

] ’ :
= ' |
1 |
* -
T 05} f
=3 1 J 'w'l'l'l

et ,.‘W IA.‘.. P P s -'«a-\wm_""‘.u.—.m

0 100 200 300 400 500
w/Hz

7 B BR A R 45 5 AR

Fig. 7 Frequency components of step response

4.2 HEEARFEMNLLRE
Ot — A A I ek 2R ] i B i e R B0 B
Al L AE R T 100 rad /s, IXRERE S FL 17 B ER A 98



932 b=

T TR

522 %

Btk B 20 rad/s LA [, DUE 55 2O H 15 S 2% IR
EERE SR, [RRE, R A IE 9% F4 7 vk 3 7

% 0 - - i s 4
= 0 Edd *w%

10! 10°
o/Hz

() FMff 30° 15 IE

(a) Elevation in 30°

A 30°F 607 Rl AS [E) AFF A0 A 15 T2 T 14 3 B 141
g R A R SE R A 8 FiaN .

AldB

0IC)

—400 L 1 N

10! 10°
w/Hz

(b) I 60715 IE
(b) Elevation in 60°

P8 P B AR A R A 0 3l

Fig. 8 Frequency property curves of velocity close-loop system

A LA S B AR AN (6] 05400 £ 368 4R A 1
Az AR A AL S T R A D, S A B 0 R
P2 AR AN AR, I H P 2 FE 35 2 115 rad/

5 & #®
BExE e — AT B R e ) 2R R B

PRI AR RS RO AR AT 38 5 3 R 0 X 2

SE Lk
(1] EZwmoA.F 2%, Rk, 5 MAWLLEL &
ARG Afr = L)) b5 HE T,

2011,19(8):1779-1786.

WANG X M, QIAO Y F, SONG L W, et al..
Measurement of three-dimensional attitude by single
opto-electrical and radar integration instrument [ J .
Opt. Precision Eng. , 2011, 19(8):1779-1786. (in
Chinese)

[2] KATSURA S, OHNISHI K. Force servoing by
flexible manipulator based on resonance ratio con-
trol [J]. TEEE Transactions on Industrial Elec-
tronic, 2007, 54(3): 539 -547.

[3] SHUTARO Y, SEIICHIRO K. Vibration suppres-

SRR 53 B A5 H TS iR A AR A A A AR A R AR I
s 1 2ok >R FH B 38 N B 9 A% M Kalman WL 5 U8
U Bt A A A T 3 SR T AR A 1 IR R
M, — BB S5 AR B . 4 R A A R
S5, B P A G5 Ak B 115 rad/s. By BR R 5 9
PR R R R 0. 35 s, Wil A2 £ IR B 0T B A B E Y
WK, 7E L Rl ol it — R B,

AT LA B — R A ) e 2R 8 1 O H IR RS E A 3
FRPREEK

sion control of 2-mass resonant system for haptic
tele-operation [C]. The 11th IEEE International
Workshop on Advanced Motion Control, Nagao-
ka, 2010: 655 -660.

[4] ANANTHAPADMANABHA T. KULKARNI A
D. SHIMRAY B A. Reducing torsional oscillation
and performance improvement of industrial drives
using PI along with additional feedbacks [ ] ].
Journal of Electrical and Electronics Engineering
Research, 2010, 2(6) . 132-142.

[5] SZABAT K, ORLOWSKA K T. Vibration sup-
pression in a two-mass drive system using PI speed
controller and additional feedbacks comparative
study [J]. IEEE Transactions on Industrial Elec-
tronic, 2007, 54(2) . 1193 -1206.



55 43 R, 5 O — AT 5 R G TS IR R S A A M 933
[6] KARIN, SETO K, DOI F. Multimode vibration tracking servo system[]]. Opt. Precision Eng. ,

L7]

(8]

[9]

control of a flexible structure using Hoo-based ro-
bust control [J]. IEEE/ASME Transactions on
Mechatronics, 2000, 5(1): 23-31.

IET. AL EREF HEDGRE SRR
0T R A IS N DR AR (T). R F M E LR,
2007,15(11) :1802-1808.

WANG G F, YUF S, WANG X D, etal.. Analy-
sis on resonance of air-borne opto-electronic tracking
turntable and design of adaptive filter[J]. Opt.
Precision Eng. » 2007,15(11) :1802-1808 (in Chi-
nese).

OHNO K, HARA T. Adaptive resonant mode com-
pensation for hard disk drives[J]. TEEE Transactions
on Industrial Electronic, 2006, 53(2): 624 -630.
0L FRAF B F. G R AR IR R g Y AR
Frde i SRR ). k¥ # % T 42,2009,17
(1) . 78-84.

WANG SH, CHEN T, LI H W, etal.. Frequency

characteristic test and model identification for O-E

1E&E @t

WEM (1981 =), 5, HEMKEN WL
W FE A @I 55 B2, 2002 4, 2005 4F F
[RSNGB 7 < w1 o o (VA= 2
WEEET7 o] Ay A 2 R il R o) 2 R

E-mail: tjguo_ciomp@ yahoo. cn

[10]

[11]

(12]

2009, 17(1): 78-84 (in Chinese)
AB R TR AL F. BB ERL RRHEA
(M. dest . EBF Tolk il it , 2006.
ZHU S ], LOU J J, HE Q W, et al.. Vibration
Theory and Vibration Isolation M]. Beijing: Na-
tional Defense Industry Press, 2006. (in Chinese)
FERFARAKR,H W, F. KEER DAL R
MMERLT]. & TH A FIR,2010,25(2) : 30-36.
ZHENG Z D, L1 Y D, XIAO X, et al.. Load
torque observer of permanent magnet synchronous
motor [J]. Transactionsof China Electrotechnical
Society, 2010, 25(2): 30-36. (in Chinese)
Z 8, B g, BTG G A 0 1R R R AL R A
B AT P B e TR F 3R, 2011, 31
(9):82-87.
WU ZH, LU X M. Design of angular velocity and
position observer for servo motors with magnetic
encoders [J]. Proceedingsof the CSEE, 2011, 31
(9):82-87. (in Chinese)

BEM (1963 —) I MK EN LB
B A 50, 1985 4F L1990 4F F 3
ARTME R 27 43 i) 3 2 b VB L2 o,
SRS T7 1] Sy Ot v Y e A R A o
AR, E-mail: gaohuibinl @163. com

(RILERE REWW FEEH)



