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Full-closed loop control method of MEMS disk resonant gyroscope based on
the stiffness axis declination angle prediction mechanism
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Abstract: To reduce the control error in a quadrature closed-loop circuit of micro electro mechanical system ( MEMS) disk resonant
gyroscope, a full-closed loop control method of MEMS disk resonant gyroscope based on the stiffness axis declination angle prediction
mechanism is proposed. The parameters of the quadrature closed-loop circuit are automatically optimized and adjusted by predicting the
stiffness axis declination angle of MEMS disk resonant gyroscope. In addition, a digital full-closed loop control method based on the
stiffness axis declination angle prediction mechanism is proposed to realize the digital full-closed loop control of the driving, detection,
quadrature suppression, and mode matching. This method can improve the signal-to-noise ratio of quadrature suppression circuit, and
enhance the gyroscope capability in the field of quadrature drift, zero output and bias instability suppression. Experimental results show
that, after adopting the full-closed loop control method based on the stiffness axis declination angle prediction mechanism, the zero output
of the MEMS disk resonant gyroscope is decreased from 0.201°/s to 0. 021 3°/s and the bias instability is decreased from 39.42°/h to
1.237°/h, by 9. 44 times and 31. 86 times, respectively, which evaluate the effectiveness of this method for improving the performance
of the MEMS disk resonant gyroscope.
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(a) Diagram and microscope image of the MEMS
disk resonant gyroscope
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(b) Working principle of the MEMS disk resonant gyroscope
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Fig. 1 Diagram of MEMS disk resonant gyroscope’s

structure and working principle
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Fig.2 Diagram of vibration mode with quadrature error
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Fig. 5 Quadrature closed-loop circuit based on stiffness axis declination angle prediction mechanism

MEMS 2 ¥1 3 4k B 83 15 77 1 i 1 T By 4 ) B0 4
HHEEI QI 6 BT 7, W fi g #6160 A58 B JH 77 %) B B3
P14 P 2 B s 0 A /0N 7 Ty 40 o 2% DO E il i £ T IE
SEH R BEAT T R T 45 2R B 15t B I 5 P BR [
SEPIE A [ i SR AL, R T IE S IS I L R
TESZ (] E A FE MR E S IR AR O BE 1, BIUAH R AEFE IR AR

% A A - PIDF i
s [EL s Je—] pAC Je 2 |

25 A AR T R DR R O IR A S AR R AR A
It M 0 %A 37 1 S B0 i R TR R = (E S B B R
R T PR Bl i A b BELE A 8 AR T A IR R R 2
FINE 0,0 1 4b eIk B A b AR AR A BLFE , 7 2 AKX B
PR ZEFF AR S iR i 1 E . BRARVI DL B, MEMS 2 3%
3R R A 3R 5 285 A 00 5 25 38 IR AR — B, LR IR

1ER

—+ ey

\ - e
X o s EX

1

RO i o
N XA HFENE =
Faits CLL e R
T AL,
1 el

|
[
B

il

— ficil
X e
IE A A R TF X AR '—» e f PIDR B
EZEHMHAIF,
DAC IE3Z 2 A ———
DAC & J1 ¥ PR -
DAC i I LA
DAC K
R YL et S R ST s

K6 J1IF T MEMS 2 SERIEIR (S 5 A BIAE ]

Fig. 6 Block diagram of MEMS disk resonant gyroscope signal processing under force balance



%1

Jil ] A KL T IR Al O A TSR LA ) MEMS 22 BRI IR 02 4 DA PR 42 5 vk 51

FRRACPE SR AU R B A E MR L, (HJE i T T T
ZRZE, PR MEMS 22 5 38 JIk B BR A7 75 951 5 2% 1
()R, 50T WU R A0 A MR L A A, AT I 75 29
PP BE 2 RIS AR A DR S A ] 2R
T R 05 B R AR S B IR S 2 A% 0, AT
e TR B AE — A T E AL B b R I e s 45t ) B e
(ELR/INAR BRAT FE U8R A4 8 5% £ 380 3 iZ B I 1 15 9 R
NIE LG T A iy 322 DR AT B2 B o 45 5 o i
P Hh R, P P B RT 4R TE MEMS 2 3008 Ik FE IR
(R v, PR AR IR 22

4 LIGIEIF

A SCAE A F A 97 0 | X MEMS 22 313 4 g 422
HEAT 3 B A I 3, 308 3 451 00 2 ] 75 28] P R e At
RN T, R TR S 5 Bl MEMS £ 3 ik
o B D Bt O 1, R A B 1E 38 FRLR 7 A A A TE I
FETHA S BES E 2 0 B, 38 A X b B S 1 A8 L R A
SR AE A L R VA I Bl A A A4S ML A AT Ak
7 1 J& MEMS ZHE R e R4

%1 MEMS ZINEIRFEEAITNIKLE R
Table 1 MEMS disk resonant gyroscope sweep test results

B R S,/Hz Z/Hz S,/ Hz T/ (°) M IERS LR/ V FPRIEZE /Y
NG-01 7 883. 19 7901. 14 7 904. 33 11. 44 7.3 7.24
NG-02 8 076.96 8 087. 09 8 088. 07 8.66 4.39 4.45
NG-03 8 166. 13 8 181.55 8 188.28 16.73 11.5 11. 64

RIGOL H1000ps 0 55 s/ D/ 0000000000 T/ F @200V

HRAE 2 1 B FRIE 1F 28 HL R 132 B 1 28 HE X BL ok
B, W FXHR Z AR FRAE 107 B9, 56 0E T $9 45 0 17 3%
X} MEMS 22 PRI HR BE SR A 7 I Al s £ 30048 08 280k o

T 8RS Al O ) AR ATL ] ) 22 AR R 4 A
INFEHN T B AR e R 3R 1 Y NG-02 5 FE iR i 17
MK, I8 3T T 2T FPGA (4 A BRI s i (| 7)
7 H B TR AL OGB4 R 24 (BRI R
ADC Fil 16 (B 3 2% DAC FPGA FIIN A ( Flash) |
F, 5 (At b RS 1 4 11 4

MEMS % H iR e 42 244ZADC FPGA¥Z | R Gt lIFlash

R 3
W i o

EREAEEORE  66DAC MFEEE  BOmo
B 7 T FPGA BYFEIRMNI¥: i B BE T &

Fig.7 FPGA-based gyroscopic measurement and control

circuit verification platform
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Table 3 The comparison of performance parameters with

and without quadrature closed-loop control
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