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Frequency splitting compensation of hemispherical
resonator gyro based on NSGA-III

Gao Zhongfeng,Li Pinghua, Qiao Qi,Liao Jialuo,Zhuang Xuye
(College of Mechanical Engineering, Shandong University of Technology, Zibo 255000, China)

Abstract: The hemispherical resonator gyroscope ( HRG) is currently the most accurate type of vibrating gyroscope. However,
manufacturing defects inevitably cause uneven circumferential distribution of parameters such as mass, stiffness, quality factor, density,
elastic modulus, and damping in the resonator, leading to frequency splitting and coupling errors between primary and secondary
vibrations. Traditional frequency splitting compensation methods often reduce the quality factor and involve high costs and complex
operations. In contrast, an electrostatic balance compensation scheme has been proposed, which applies electrostatic forces to different
electrodes to adjust the resonator’s stiffness and compensate for frequency splitting. When combined with the NSGA-IIT multi-objective
optimization algorithm, this approach optimizes the compensation parameters while considering the impact on resonator performance,
power consumption, and the achievable frequency splitting compensation values. Validation results demonstrate that this method provides
optimal compensation for frequency splitting in various resonators and frequency splits, achieving a 50. 2% increase in compensation
value. It also reduces required compensation voltages by 6. 3% and 56. 3% , maintaining an accuracy better than 0. 5 mHz. After
compensation, measurement errors decreased by an order of magnitude, with only a 2. 3% reduction in natural frequency. This approach
significantly enhances the dynamic performance of gyroscopes and offers valuable insight for optimal frequency splitting compensation in
HRGs. It can also be applied to other types of gyroscopes, such as cup and ring gyroscopes.
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Fig. 1 Ring model of hemispherical resonator
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Fig. 2 Effect of frequency splitting without angular velocity
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Table 1 Optimization parameters and their value ranges

HASHL ZHURE
V,(—ZH AR ) 0~200 V
Vo ( AR HRE) 0~200 V

d (IR T5 H B A Al R ) 0.000 1~0.000 5 m
hCIER TR ) 0.000 7~0.000 1 m
P(HRBARKRAN) 5°~20°

SCREABRFRAN) 5000 Hz

NSGA-II 5 i) AR AL BRA

1) W E R IR A8 B (i A S 8O &
FRUE AP RE RN N

2)HWEZSE M, DL BR R B BRI R SR AL 4
FETHI S5 AR A AR O RE P

3) MR AR I

Bo) IFe Bk



302 & L £ ¥ W

a6t

WE SRR RYEE, I
Uit et i

Al

iR pE |

[

[ ooy |
JEACR B Gen=2 l

—| AT T

FACF RO,
[ wwse. rrmm | -

L |

|

[ oy |

Gen=Gen+1

AR XL RS, W
TACRHE

XA 71— TLAEF,
DI IR B U
g
1

[ aarminn s

i R A

EAVE Sd ST

18 NSGA-II F i
Fig. 8 Flowchart of NSGA-III algorithm

4) KRR P, AR T R S8 SURAR SR A,
A TR Q, .

5)GIEFEE P, AN Q,, FHT A A 2N K/ FIHE, B
FHAE SCBCHE P LH A S 25 S MR B THE T

6) HRIEHE 7 45 S 2N /N Fh R BERERT N A
A HFRE P,

7Y IR B 3) TFARIAT , B A IR B R AR AR,

WA — Dyt 45 B AR AT I3 — b b B S A5 3 B
FRRHEf = () (0) ' (x) ,fu) "o BESZBRI A a] LA
FR A PSR A i B R A R
3.2 LINERSH

BEFHEECH S 100, 2 AR ECH 200, 45 46 B Ax
FSH A2 NSGA-IT Sk b kA7 A4 Ak 25
mE 9 frR .,

XL R AT 43 AT R S G A BT g
HIMEE (A 43R B4 it e KA 2R 0. 962 Haz, I B X6 i g [
B 7 T B > 50 000, 38 SRR A 1 b B2 15 7E
0.3 B, B 438 H T4 R 28 & HLE IR 1 2F Bk 4
=

6x10*
4x10*
3x10*
2x10%
1x10*
9x10°
5x10°

2x10°

P19 NSGA-TI {1k
Fig.9  Optimization results of NSGA-III

TN, R o HAT BRI SR Y B0
P e B LA FH 1 G0 S T SRS R HO6 20 Dl S i S
B8 DR IHRIF 9 RO M2 2 54 31 P A S 80 % A7 A
XS AT R S (A VS I 7 ) M | M2 2 50k 631 161
2 N AR RN E 10 PR,

*2 RUBHRMUTEHRETEE
Table 2 Optimized parameters and their updated value ranges

MASE EC
Vi (—H ) 0~300 V
Vy( AR HETE) 0~300 V

d(IEHRT 5 AR AR A HE) 0. 000 05~0.000 5 m
h IR TR ) 0. 000 5~0. 001 m
W(HAFARK/N) 5°~20°

SCREABRRAN) 5000 Hz

Pl 10 NSGA-III ffk4h
Fig. 10 Optimization results of NSGA-III

XHRACEE AT 70T A8 S S RHGERIN, Brig



53

7o B S L BE T NSGA-TIL Y2 BRI IR BE MR ) 4314 2 kb A 303

MR R B4t de KA 2N 14 Ha, EEE X 107 g [ A 40 R
S5 R BB I8 35> 70 000, 38 SRS IO AMEIRAE 1.5
Z b RIGBMTHLEf, SEEKE, BRI Z R HMES
BT,

£3I AHARIMESHIILE
Table 3 Comparison of compensation results of

two schemes

RN S e
1 0.962 0.288 54902 189.8 105.9 0.70 0.10 14.6

Vi/V o VYV h/mm d/mm W/(°)

2 14.29 2.309 70187 234.1 94.8 0.52 0.05 15.7

XFHCPIRR T 58, BRI JR I S 40T BT 1 n T
SERE FIAME L A T 4 v, WA T R0 Be BB Bh A 1 e
([ AR AT T ), (E 2 T R 2 1 0 23R 2R fot e R (EL
PER T — AN B, T REAME IR G IR ZE T K TS
AN AR ZEE K TH R AR,

Ry i SR 4t S, 76 S B i v T DAAR BB AR Ak 45
B B B B AR S i IR B bR g 9 — 3,
K(16) s, H, kS50 £ E AR, I sk,

=10 000P, f, + 10 000P, f, - P, f, (16)

Hrp P P, PO AR AMESEL £, f, o AU &
B, 7 ST B AR A BRI IR P 8 04 54 i Y
Mz T AR T WA R F K, HEOR AR A A
L ARFRIIFE L SR 7 8 A 3 T BRAE Y f,, ki
P ,=0.5,P,=0.4,P,=0.1,

B 11 R sc e B R, N T 50 UE 7 58 1A sk, xT
B ZE R 0. 76 Hz AU EBRIEIRFE 12174

R \

B 11 SEEsEw
Fig. 11

Experimental setup

AR Lynch 4522 52 1 ()57 £ 0 ik | 22 BELJE 42 )
TR, RS R B BT R AT LR
o
E
b, Q A E 5350 8 1E AP AR -5 I RE B 4% 1l

. 1
0=—K!)+?Aw0052(0—0w) (17)

4

ull

%’

Q=2aq,E=a’+q" ,a F1 q 5350 %5 7 54 7106 152 e 2L 1 <
RN, b T TR TR 22 00T, W B S ECN
a=1,¢=0.02, BIIEACIR2ZEH 2% ,Aw=0.76 Hz,0,=0°,
02=180°/s , 1523 3l 46 W () % FE A5 AL AN 12 B
— FAwiB)

......... HAoiEE)
— = THRE

6 7 8 9 10

0 1 2 3 4

ﬂﬂ%/s
B 12 SR g5 T L

Fig. 12 Comparison of precession angle measurement results

SR 12 AT LR R, 15 22 DL AR B A A AR 4k
FERTIRIT BB, HHA R A 5 R AR 22 BN (H R R 22
it A ) B 2R Foe NG I 45 T v B K B M), ik 5
K (17) FHEIE T —EL,

& 13 B JE R T 7E 2=90°/s I #5245 % £ 3
FE R A 5]

[ — RAMETT

AT IR RE
——

FHEF/(rad s™)
QOO it i ot ot N

=4
N

4 6
i i) /s
(& 13 AR | A Al 152 22

Fig. 13 Detection error caused by frequency splitting

BT 13 AT AEFTEE ST ,0. 76 Ha (501K 2447
T A (R AR MG IR 22 249 g 1. 2% I B4 1
Yoty ATz T2 (16) X & 9 Ry L1k 2 R it
Friiak , s ye e f, 46 F 0.5~0.9 i), 15 5] —4
RE T R ALES R, WIER 4 Fiw

FIZ T X Bk IR T f Mz, 25 R an i 14 Jir
TR, R 22 L M T K RRAR , A1 556 S84 i s Bl A 3 2 1) 450
AR 1. 2% AR ZE 0. 11% A IR 4R e T —4
Bom 2, 0 UF T B A S, Kz EESERA
K (13) v, 75 B AT AR T REN 113.6 Hz, 4K
2. 3% ; [ A SR A AR T B & F2OR IR 7 1P Tt aE
A TR W A7 52 Tt o 6 i ri ) A 2 AR iR 1 1
RELJE R 5T PRER, PR X R - I sl PR R i /)N



304 %A X

x

a6t

*4 REMEFARESH
Table 4 Parameters for the optimal compensation scheme
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Fig. 14 Angular velocity detection signal after compensation
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